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NYCTAGINEAE. 

1.  Review  of  the  Anatomical  Features.  The  anomalous  structure 
of  the  stem  (Fig.  155)  and  the  occurrence  of  raphides  or  styloids  are  character- 
istic of  the  Order.  The  anomaly  consists  in  the  appearance,  in  the  pericycle, 
of  successive  rings  or  strips  of  cambium,  which  produce  secondary  collateral 
vascular  bundles  and  conjunctive  tissue  on  their  inner  side.  The  conjunctive 
tissue  is  either  prosenchymatous  or  parench3nnatous  ;  its  structure,  combined 
with  the  arrangement  of  the  secondary  vascular  bundles,  gives  variety  to  the 
appearance  of  the  transverse  section  of  the  stem.  Tlie  prosenchymatous 
conjunctive  tissue  bears  simple  pits  like  the  wood-prosenchyma  of  the  vascular 
bundles,  from  which  it  is  difficult  to  distinguish,  and  is  sometimes  traversed 
by  typical  meduDary  rays.  The  xylem- vessels  have  simple  perforations.  The 
outer  portion  of  the  pericycle  generaUy  contains  isolated  groups  of  sclerenchy- 
matous  fibres.  The  development  of  cork  is  superficial.  In  Pisonia^  Neea^ 
-and  Leucaster  the  stomatal  apparatus  follows  the  Rubiaceous  type,  whilst 
in  Mirabilis  and  Boerkaavia  each  pair  of  guard-cells  is  surrounded  by  an  in- 
definite number  of  ordinary  epidermal  cells.  The  hairy  covering  consists  of 
<dothing  and  glandular  hairs.  The  former  include  the  uniseriate  trichomes 
of  Bougainvillaea,  which  are  composed  of  short  cells,  and  the  stellate  hairs  ^ 
of  Leucasier,  in  which  the  stellate  portion  consists  of  a  rather  large  number 
of  unicellular  rays.  The  glandular  hairs  (Fig.  154,  A)  generally  consist  of 
a  row  of  cells,  the  enlarged  terminal  cell  being  in  most  cases  ellipsoidal  or 
-clavate,  more  rarely  spherical ;  the  contents  of  this  cell  vary,  but  in  the  dry 
state  they  are  usually  brown  (Pisonia,  Neea,  Mirabilis).  A  type  intermediate 
between  dothin^  and  glandular  hairs  is  presented  by  the  branched  trichomes  (Fig. 
154,  B)  composing  the  dense  hairy  covering  on  the  lower  side  of  the  leaf  of 
Pisonia  tometUosa,  Casar. ;  in  these  hairs  the  axis  and  branches  are  uniseriate ; 
the  terminal  cells  of  the  branches  especially  are  commonly  differentiated 
into  long  sacs  filled  with  brown  contents.  Internal  secretory  organs  are  only 
found  in  Okenia  and  Bocrhaaviay  in  which  enlarged  epidermal  ceUs,  fille<^with 
reddish-brown  contents,  give  rise  to  a  red  striation  of  the  leaves  and  floral 
organs.  Oxalate  of  lime  (Fig.  154,  C)  is  excreted  chiefly  in  the  form  of  raphides 
and  styloids,  clustered  crystsds  and  a  kind  of  cr3^tal-sand  (the  latter  in  Leucaster) 
being  also  found.  The  deposition  of  crystalline  granules,  consisting  of  the 
same  salt,  in  the  cell-walls  of  the  epidermis  in  the  leaf  and  stem  (Fig.  154,  A\ 
has  been  shown  to  take  place  in  the  genera  Mirabilis,  Oxybaphus,  Nyctaginia, 
AUionia,  Boerkaavia,  Adeisanthes,  Okenia  and  Abronia, 

2.  Structure  of  the  Leaf.  The  researches  published  on  the  anatomy 
of  the  Nyctagineae  almost  always  deal  solely  with  the  interesting  anomalous 
structure  of  the  axis,  whilst  the  leaf-structure  has  practically  not  been  investi- 
gated. And  yet  it  would  be  important  for  systematic  purposes  to  obtain  some 
knowledge  of  the  distribution  of  the  two  types  of  stomata  which  have  been 
recorded  in  the  Order,  and  also  of  the  distribution  of  the  trichomes  (see  above). 

With  the  object  of  determining  the  different  features  which  have  been 
briefly  mentioned  above,  I  examined  the  structure  of  the  leaf  in  Mirabilis 
Jalapa,  L.,  Bougainvillaea  spectabilis,  Willd.  (Tribe  Mirabilieae),  Pisonia  nitida. 
Mart.,  Neea  compressa,  Schmidt  (Tribe  Pisonieae),  and  Leucaster  caniflorus, 
Choisy  (Tribe  Leucastereae).  The  leaves  in  these  plants  have  bifacial  struc- 
ture. The  stomata  are  only  found  on  the  lower  side  of  the  leaf.  In  Mirabilis 
and  Bougainvillaea,  as  stated  above,  they  are  surrounded  by  a  variable  number 
of  ordinary  epidermal  cells  exhibiting  no  special  arrangement,  whilst  in  the 


^  The  stellate  hairs  of  Andradea  hare  not  yet  been  caxefiiUy  examined. 
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remaining  cases  they  are  accompanied  on  either  side  by  one  or  more  sub- 
sidiary cells  placed  parallel  to  the  pore.    The  important  points  regarding  the 

trichomes  investigated 
on  the  leaf,  have  also 
been  mentioned  in  the 
general  diagnosis.  Stellate 
hairs  occur  in  Leucaster 
SLTidAndradea;  simple  uni- 
seriate  hairs,  composed  of 
short  cells,  with  a  blunt 
terminal  cell  not  greatly 
exceeding  the  others  in 
length,  are  found  in 
BaugainvUlaea  spectabilis. 
Glandular  hairs  occur  in 
Pisonia^  Neea  and  Mira- 
bilis ;  ^ey  have  a  stalk 
of  variable  length,  com- 
posed of  a  very  variable 
number  of  cells,  and  a 
unicellular,  spherical,  or 
elongated  eUipsoidal  head 
(Fig.  154,  il).  The  leaf  of 
Pisania  tomentosa,  Casar., 
as  mentioned  above,  bears 
branched  hairs,  which  have 
a  glandular  function  (see 
above,  and  Fig.  154,  B)^ 
The  laige  epidermal  cells 
of  Okenia  and  Boerhaavid 
are  filled  with  brownish- 
red,  tanniniferous  con- 
tents, and  are  differenti- 
ated as  secretory  cells; 
they  were  observed  by 
Heimerl.  The  same  author 
demonstrated  the  deposi- 
tion of  crystalline  granules 
of  oxalate  of  lime  in  the 
walls  of  the  epidermal  cells 
(Fig.  154,  i4)  in  the  genera 
mentioned  above.  It 
should  be  noted  that  thes& 
genera  belong  to  the  Sub- 
tribes  Boerhaavieae  and 

Fig.  154.  A,  Tranivene  tectioa  through  die  epidermis  of  AwrAtftfv^  Abrouicae  of  the  Tribe 
repens^  L. ;  B,  Branched  trichome  ^Pitomia  iameniosa,  CMar ;  c,  Ciya-  Tur.VoKili^QA  a/«/«rkrHincr  f « 
toUineiIementeinthe8pollgytbaaeof/>»*^Vii^Ma^t.-^^iginal.  MiraOmeae,   aCCOrOlUg    tO 

the  classification  of  Ben» 
tham  and  Hooker ;  in  the  Sub-tribes  Bougainvillaeeae  and  Boldoeae,  and 
in  the  Tribes  Pisonieae  and  Leucastereae  ^  Heimerl  sought  for  this  feature 
in  vain.  The  incrustation,  as  far  as  is  known,  is  almost  always  present  in 
all  the  species   of  a  genus ;    it  is   only  known  to  be  absent  in  a   few 


^  Species    of  Bo$tga$mnUaia,   Tricycla^   Boldoa^   Collignanut^  Rtuhenbachia^  Pisonia^  Neea^ 
Phoioptilum^  Cephal9i9ma$tdra^  Leticaster  uad  Cryptocarpuz  were  examined. 
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species  of  Mirabilis  (Af .  Jalapa,  L.,  M,  longiflora,  L.,  M,  Oaxacae,  Heim.  and 
M,  *  WrighHana,  Decne.').  In  most  cases  the  deposition  is  met  with  in  the 
epidermis,  both  of  the  leaf  and  stem.  The  variations  found  in  the  individual 
species  depend  on  (a)  the  occurrence  of  the  deposition  in  both  the  upper  and  lower 
epidermis  of  the  leaf,  or  only  in  the  lower,  (b)  the  presence  of  the  deposition  in 
the  outer,  inner,  and  lateral  walk  of  the  epidermal  cells,  and  (c)  the  different 
degrees  of  abundance  of  the  excretion.  The  layer  of  granules  in  the  outer  wall 
is  directly  covered  by  the  cuticle,  and  is  bounded  towards  the  cell-lumen  by  a 
lamella  devoid  of  granules.  Deposition  is  rare  in  the  lateral  waUs,  but  common 
in  the  internal  walls  of  the  epidermal  cells  ;  in  these  cases  also  the  lamella  of 
the  wan  adjoining  the  lumen  is  devoid  of  granules.  The  incrustation  may  also 
extend  to  the  waUs  of  the  hairs,  whilst  the  stomata  are  invariably  free  from  it. 
In  some  cases  the  deposition  is  so  abundant,  that  the  leaves  and  stems  of  certain 
species  appear  grey  or  whitish,  the  stem  of  Boerhaavia  degansy  Choisy  being 
chalky  wlute  ^  In  Oxybaphus  a  study  of  the  development  has  shown  that 
the  incrustation  only  appears  at  a  relatively  late  stage,  and  originates  in 
the  cell-wall  itself.  Regarding  the  mode  of  excretion  of  oxalate  of  lime,  the 
following  statements  may  be  added.  Bundles  of  raphides  have  been  shown 
to  occur  in  species  of  Bougainvillaea^  Cryptocarpus^  Mirabilis  and  Oxybaphus, 
raphides  and  styloids  in  species  of  Neea,  PhaeoptUum  and  Pisonia,  styloids  alone 
in  Eggersia.  In  the  leaf  of  Pisania  nitida  each  cell  of  the  palisade-tissue  contains 
a  rather  small  clustered  crystal,  whilst  styloids  and  bundles  of  tj^pical  raphides 
or  of  short  adcular  crystals  more  like  styloids  also  occur  in  the  mesophyll 
(Fig.  154,  C).  In  the  sacs  containing  crystal-sand  in  the  leaf  of  Leucasier 
caniflarus  there  are  either  tetrahedral  crystalline  granules  or  rather  small 
acicular  or  prismatic  crystals. 

3.  Structure  of  the  Axis.  Anomaloas  structure  of  the  stem  appa- 
rently occurs  in  all  the  woody  species,  and  is  also  foimd  in  a  certain  number 
of  the  herbaceous  species.  It  has  been  recorded  by  various  authors  (Regnault, 
Unger,  Grdnlund,  Petersen,  De  Barry,  Radlkofer,  Solereder,  H.  Schenck, 
Houlbert)  in  numerous  species  of  the  genera  Mirabilis,  Oxybaphus,  Boerhaavia^ 
Bougainvillaea,  Pisonia,  Eggersia,  PhaeoptUum,  Neea,  Leucasier  and  Crypto- 
carpus.  The  constant  feature  of  the  anomaly  consists  in  the  presence  of 
more  than  one  ring  of  vascular  bundles  in  the  transverse  section  of  the  axis 
(Fig.  155).  The  course  of  development  of  the  anomaly  has  been  referred  to 
above.  The  secondary  vascular  bundles  exhibit  a  concentric  or  irregular 
arrangement ;  they  are  embedded  in  conjunctive  tissue,  and  together  with 
the  latter  form  the  *  wood '  of  the  Nyctagineae  ;  in  most  members  of  the  Order 
the  conjunctive  tissue,  except  the  innermost  portion  (on  this  point  see  below), 
consists  chiefly  of  prosenchymatous  cells,  which  are  provided  with  simple  pits 
and  usuaUy  have  rather  thick  walls,  though  in  rare  cases  the  thickening  is  but 
slight  {Pisonia  fragrans,  Desf.).  Adjoining  the  phloem-groups  of  the  vascular 
bundles  there  are  frequently  a  few  unlignified  and  thin-waUed  or  lignified  paren- 
ch3matous  cells,  and  in  certain  members  of  the  Order  (in  aU  the  species  of  Pi- 
sonia and  Neea  investigated  by  Houlbert  and  myself,  except  P.  hirtdla,  H.  B.  K.) 
narrow,  radial  strips  of  tissue  traverse  the  conjunctive  tissue,  and  in  their  com- 
position correspond  to  the  meduDary  rays  in  woods  with  normal  structure.  The 
thin-walled  conjunctive  tissue  is  developed  in  greater  abundance  in  a  minority 
of  the  species  investigated.  Thus  in  Bougainvillaea  spectabUis  the  secondary 
bundles,  in  which  the  xylem  consists  of  vessels  and  prosenchyma,  are  separated 
by  rather  broad  parenchymatous  strips  of  tissue,  resembling  medullary  rays. 


^  The  doll  snifaoe  of  the  stems  and  leares  in  some  species  of  Pisonia  and  ^eea,  doe  to 
deposition  of  wax,  most  not  be  confonnded  with  this  feature  (Heimerl). 
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when  seen  in  a  transverse  section  of  the  stem ;  parenchymatous  conjunctive 
tissue  is  also  insinuated  between  the  secondary  bunmes  in  a  tangential 
direction.  B,  fastuosa^  Hrcq.  presents  similar  features,  according  to  Houlbert. 
In  Boerkaavia  piumbaginea^  Cav.  (Petersen)  and  B,  arborea^  Lag.  the  thin- 
walled,  parenchymatous,  conjunctive  tissue  is  also  rather  abundant.  In  these 
species  the  phloem-groups  and  the  adjoining  conjunctive  elements  combine  to 
form  concentric  annular  or  band-shaped  strips  of  tissue.  The  innermost 
portion  of  the  conjunctive  tissue,  formed  by  the  secondary  meristem  at  the 
commencement  of  its  cambial  activity,  is  differentiated  so  as  to  resemble 
a  pith  in  many  members  of  the  Order.  Owing  to  this  fact  the  leaf-trace 
bundles,  and  sometimes  also  the  innermost  secondary  vascular  bundles,  often 


Fig.  155.    Transverse  section  throngh  the  stem  of  Pisonia  nigricam^  Sw.— GrijiinaL 

appear  to  be  medullary  {Mirabilis  and  Oxybaphus^  according  to  De  Bary). 
Robably  the  medullary  vascular  bundles,  which  I  met  with  in  all  the  species 
of  BougainviUaea^  Cryptocarpus^  Pisonia  and  Neea  named  in  my  '  Holzstruk- 
tur,'  are  likewise  only  apparently  medullary ;  they  are  wanting  in  Leucaster 
caniflorus  and  (according  to  Petersen)  in  Boerkaavia  plumbaginea. 

Regarding  the  component  parts  of  the  vascular  bundles  the  following 
facts  remain  to  be  mentioned.  The  xylem  contains  :  (a)  pitted  vessels  with 
simple  perforations  accompanied  by  reticulately  perforated  septa  in  the 
species  of  Boerkaavia  (Dickson,  Petersen) ;  (6)  prosenchyma ;  (c)  paren- 
chyma ;  (d)  in  the  leaf-trace  bundles,  spiral  tracheae  which  can  be  unrolled. 
The  latter  elements,  however,  sometimes  also  occur  in  vascular  bundles  which, 
from  their  position,  must  be  regarded  as  inner  secondary  bundles,  as  has  been 
shown  by  De  Bary  in  the  case  of  Mirabilis,  by  Petersen  in  Boerkaavia  and 
Bougainvillaea,  and  by  myself  in  species  of  Neea  and  Pisonia.    In  the  ordinary 
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cases,  in  which  the  conjunctive  tissue  is  formed  by  prosench}mia,  the  xylem- 
portions  of  the  vascular  bundles  have  not  a  distinct  boundary.  Together 
with  the  conjunctive  tissue  they  form  a  connected  xylem-mass,  in  which  the 
phloem-groups  of  the  vascular  bundles  are  embedded  Uke  the  islands  of  soft 
bast  mStrychnos. 

External  to  the  parenchymatous  pericycle,  in  which  the  anomalous  growth 
in  thickness  of  the  stem  takes  place,  a  zone  of  small,  isolated  groups  of  scleren* 
chymatous  fibres  is  present  in  the  species  of  BougainviUaeay  Cryptocarpus, 
Leucaster^  Pisonia  and  Neea  examined  by  me ;  these  elements  are  wanting 
in  MirdbiUs  Jalapa  and  Oxybaphus  viscosus  (Regnault).  The  cork  arises 
subepidermally  in  BotigainviUaea  spectabUis  (according  to  H.  Schenck),  and 
in  Pisonia  and  Boerhaavia  (according  to  Petersen),  whilst  it  is  formed  in  a 
deeper  cell-layer  of  the  primary  cortex  in  Neea  parviflora  (according  to  Petersen). 

The  anomalous  structure,  as  far  as  is  known,  extends  also  to  the  rooiB 
{Mirabilis  with  parenchymatous  conjunctive  tissue  and  concentric  arrange- 
ment of  the  secondary  vascular  bundles,  according  to  De  Bary ;  Bougainvillaea 
SpectabUis  and  Pisonia  nitiday  according  to  Avetta). 

Literature:  Unger,  Ban  n.  Wacbst.  d.  Dicotyledonenst.,  Petersbnrg,  1840. — ^Nageli,  Beitr.  z. 
wisB.  Bot.,  i.  Heft,  1858,  pp.  119-31. — ^Regnaolt,  Anat  d.  qnelqnes  tiges  d.  Cyclosp.,  Ann.  ac.  nat, 
s6r.  4,  t.  ziv,  i860,  pp.  144-9  <^^  P^*  1^* — Gronlund,  Stamm.  og.  fijen.  anat  bygn.  hos  Neea,  etc.» 
Vidensk.  Meddel.  nat.  For.  Kjobenhavn  1873,  19  pp.  (French  r&nm^)  and  Tab.— Finger,  Anat. 
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Ann.  sc.  nat,  s^r.  6,  t.  xx,  1885,  especially  p.  383  et  seq. — H^rail,  Tige  des  Dicotyled.,  Ann.  sc.  nat., 
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ILLECEBRACEAE. 

In  this  Order,  which  is  mainly  composed  of  herbaceous  plants,  the  anatomy 
has  been  little  investigated.  From  the  few  facts  known  it  appears  that  in 
the  stnictm'e  of  the  axis  the  following  features  promise  to  afford  a  diagnosis 
oi  the  Order :  the  usually  normal  structure  of  the  stem ;  the  lack  of  true 
medullary  rays  in  the  wood ;  the  simple  perforations  of  the  vessels ;  the 
bordered  pitting  of  the  wood-prosenchyma ;  and  the  superficial  development 
of  cork.  The  stomata  are  generally  surrotmded  by  three  or  more  epidermal 
cells ;  in  Sderanthus  the  Caiyophylleous  tj^  is  foimd.  The  hairy  covering 
consists  of  unicellular  or  uniseriate  clothing  hairs,  which  are  mostly  simple, 
rarely  {PoUichia)  branched,  whilst  uniseriate  glandular  hairs  with  a  unicellular 
head  are  very  rare  (Dysphania).  Internal  secretory  receptacles  are  not  present. 
Oxalate  of  lime  occurs  in  the  form  of  large  clustered  crystals,  and  in  Gymno- 
carpos  also  as  crystal-sand.  Anomalous  structure  of  the  stem  in  the  form 
of  successive  rings  of  growth  has  been  shown  to  occur  in  PoUichia  campestris, 
Sol.  and  species  of  Corrigiola, 

The  structure  of  the  leaf  has  been  examined  by  Volkens  in  a  number 
of  desert-plants  (Pteranthus  *  dichotomus,  Forsk.,'  Hemiaria  hemistemon,  J. 
Gay,  Paronychia  desertorum,  Boiss.,  Gymnocarpos  decandrum,  Forsk.),  and 
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by  me  in  PoUickia  campestris^  Sol.,  Anychia  dichototna^  Michx.,  Paronychia 
capitata.  Lam.,  PttratUhus  echinatus,  Desf.  and  Scleranthus  perennis,  L.  The 
leaf-structure  is  conunonly  centric  (e.g.  Pteranthus  dichoiamus  and  Gymno- 
carpos  decandrum).  The  stomata  are  usually  found  on  both  sides  of  the  leaf, 
and  either  lie  in  the  same  plane  as  the  surface  of  the  leaf,  or  {Pteranthus  dicho- 
tomus  and  Gymnocarpos  aecandrum)  are  strongly  depressed.  In  the  species 
which  I  examined,  with  the  exception  of  Scleranthus  perennis,  the  stomata 
are  surrounded  by  three  or  more  epidermal  cells,  showing  no  special  mode 
of  arrangement ;  in  Scleranthus  the  stomata  are  parallel  to  one  another,  the 
pore  being  parallel  to  the  median  vein,  and  they  possess  two  subsidiary  cells, 
placed  transversely  to  the  pore.  The  following  features  are  adaptations  to 
a  desert-climate :  a  deposition  of  wax  on  the  leaf-surface  in  Gymnocarpos 
decandrum  \  high  epidermal  cells  in  the  leaf  of  Pteranthus  dichotomus  and 
Hemiaria  hemistemon;  bladder-like  differentiation  of  the  epidermal  cells  in 
the  neighbourhood  of  the  margin  and  above  the  midrib  of  the  leaf  in  Pteranthus 
dichotomus  ;  and  central  aqueous  tissue  in  the  leaf  of  Gymnocarpos  decandrum. 

The  clothing  hairs  are  mostly  simple  and  unicelltilar  {Hemiarta,  Parony- 
chia^ Anychia),  or  uniseriate  (Scleranthus).  The  branched  trichomes  of  PoUi- 
chia  campestris  are  generally  two-armed,  the  main  axis  and  the  arms  consist- 
ing of  a  single  row  of  cells.  In  the  floral  region  of  Pteranthus  echinatus  there 
are  uniseriate  trichomes  of  varjdng  length,  composed  of  few  or  many  cells, 
and  provided  with  a  capitate  swollen  terminal  cell ;  they  practically  have  no 
glandular  function.  On  the  other  hand  the  similarly  constructed  capitate 
hairs  in  the  species  of  Dysphania  (e.g.  D.  myriocephala,  Benth.)  are  glandular  ; 
the  species  of  this  genus  were  described  by  Bentham,  Flor.  Austral.,  as  slightly 
glandular.  Oxalate  of  lime  is  often  found  in  the  mesophyll  in  the  form  of 
large  clustered  crystals  (in  Pteranthus  dichotomus  and  Gymnocarpos  decandrum, 
and  also  in  the  five  species  investigated  by  me) ;  the  primary  cortex  of  Gymno- 
carpos decandrum  contains  large  cells,  which  in  place  of  clustered  crystals 
enclose  a  compact  mass  of  crystal-sand  consisting  of  oxalate  of  lime. 

The  structure  of  the  axis,  like  that  of  the  leaf,  has  been  Uttle  investi- 
gated ;  it  was  examined  by  me  in  PoUichia  campestris,  Sol.  and  Gymnocarpos 
decandrum,  Forsk.,  by  Regnault  in  Paronychia  honariensis,  Anychia  dichotoma 
and  Corrigiola  littoralis,  and  by  Petersen  with  reference  to  the  pericycle  in 
species  of  lUecebrum,  PoUichia,  Paronychia,  Hemiaria,  Corrigiola,  Gymno- 
carpos, Pteranthus,  Cometes  and  Scleranthus.  In  the  structure  of  the  wood 
the  most  noteworthy  feature  is  the  absence  of  true  medullary  rays  in  species 
in  which  the  xylem-portions  of  the  vascular  bundles  unite  to  form  a  ring  {PoUi- 
chia campestris,  Gymnocarpos  decandrum.  Paronychia  honariensis,  Anychia 
dichotoma).  In  PoUichia  and  Gymnocarpos  the  diameter  of  the  vessels  is  not 
great  (-02—03  nun.) ;  they  have  rather  thick  walls  and  simple  perforations 
(denticulate  at  the  margin  in  PoUichia  campestris).  Spiral  thickening  of  the 
vessel-wall  is  found  in  Gymnocarpos  decandrum.  Typical  bordered  pitting 
has  been  demonstrated  in  the  wood-prosenchvma,  not  only  in  PoUichia  and 
Gymnocarpos,  but  also  in  the  species  examined  by  Regnault.  A  sclerenchyma- 
tous  pericycle  is  of  frequent  occurrence  in  the  cortex  (in  the  species  examined 
by  Petersen  and  Regnault) ;  in  species  with  a  considerable  amount  of  growth 
in  thickness  it  becomes  spUt  up  into  small  sclerench3anatous  groups.  The 
development  of  cork  takes  place  subepidermaUy  in  Paronychia  honariensis. 

Anomalous  structure  of  the  axis,  in  the  form  of  concentric  rings  of 
vascular  bundles,  is  found  in  PoUichia  campestris,  and  according  to  Petersen  in 
Corrigiola  littoralis  and  C.  tdephiifolia  (also  in  the  root  of  C.  littoralis,  according 
to  Lohrer).  The  second  ring  of  vascular  bundles  in  PoUichia  (and  probably 
also  in  Corrigiola)  is  produced  by  a  secondary  meristem,  which  arises  in  the 
inner  parenchymatous  portion  of  the  pericycle. 
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and  pi.  7. — Solereder,  Hulzstr.,  1885,  PP-  2^o>  an.-— Lohrer,  Wniveln,  in  Wigand,  Bot.  Hefte,  ii, 
1887,  pp.  26-7  and  Tab.  ii— Volkens,  AegypL-arab.  Wuste,  1887,  PP-  io3-5  «">d  Tab.  vii,  x  and  xy. 
— Petenen,  Mom.  til  Caryophyll.  anac,  Bot.  Tidsskrift,  Bd.  16,  pp.  187-203,  Tavle  5  and  French 
i^snme  p.  (8). 

AMARANTACEAE. 

1.  Review  of  the  Anatomical  Features.  With  few  exceptions 
{Achaiocarpus,  Cladothrix)  the  woody  members  of  this  Order  are  distinguished 
by  the  same  anomalous  structure  of  the  axis  as  occurs  in  the  related  Ns^cta- 
gineae  and  Chenopodiaceae  (Fig.  157).  The  vascular  bundles  scattered  in 
the  conjunctive  tissue  exhibit  concentric  or  irregular  arrangement  in  a  trans- 
verse section  of  the  stem,  and  the  conjunctive  tissue  eitiier  consists  of  pros- 
enchyma  with  simple  pits  or  of  unhgnified  parenchyma ;  when  prosenchymatous, 
medullary  rays  are  sometimes  developed  in  it.  The  perforations  of  the  vessels 
are  simple  in  all  cases,  llie  formation  of  periderm  takes  place  superficially 
in  Amarantus.  The  stomata  do  not  possess  any  special  subsidiary  cells.  In- 
ternal secretory  organs  are  wanting.  The  hairy  covering  is  for  the  most 
part  formed  by  ordinary  unicellular  or  uniseriate  trichomes,  and  by  capitate 
hairs  with  a  uniseriate  stalk  and  a  unicellular  head.  The  following  are  special 
forms  of  hair  (Fig.  156)  * :  the  trichomes  of  PtilotuSj  with  two  arms  or  rarely 
more,  both  the  stalk  and  the  arms  being  composed  of  a  row  of  cells ;  the 
two-armed  trichomes  of  Dicraurus,  in  which  the  terminal  cell  has  equal  arms  ; 
the  stellate  hairs  of  species  of  Iresine  with  a  many-rayed  terminal  ceU, 
occasionally  passing  by  transitional  forms  into  two-armed  hairs  with  arms  of 
unequal  length;  finally  the  candelabra-hairs  of  AltematUhera^  Cladothrix, 
and  TelatUkera,  in  which  each  tier  is  composed  of  a  many-ra3^d  cell.  The 
walls  of  the  various  forms  of  hair  (with  the  exception  of  the  capitate  hairs) 
are  in  many  cases  raised  into  numerous  small  papiUae. 

2.  Structure  of  tee  Leaf.  The  leaf -structure  has  been  Uttie  investigated. 
ThespecieswhichI  examined,  representing  the  three  thhes{Amaranius  BlUum,  L. 
and  A,  polygonoideSy  L.,  Celosia  irigyna,  L.,  Gomphrena  desertorum.  Mart.), 
have  stomata  on  both  sides  of  the  leaf.  The  stomata  are  surrounded  by  three 
or  more  ordinary  epidermal  cells.  The  size  of  the  epidermal  cells  and  the 
nature  of  their  lateral  margins  vary  in  the  species  mentioned  above.  Celosia 
trigyna  is  distinguished  by  papillose  or  bladder-Uke  protrusion  of  the  epidermal 
cells  on  the  lower  side  of  the  leaf  opposite  the  vascular  bundles  of  the  veins. 
In  Amarantus  Blitum,  A.  polygonoides  and  other  species,  Gomphrena  deser- 
torum  and  other  species,  AUernanthera  muscoides,  Benth.  et  Hook.,  and  Philo- 
xerus  vermicularis,  R.  Br.,  the  vascular  bundles  of  the  smaller  and  larger  veins, 
including  their  ultimate  ramifications,  are  surrounded  by  a  characteristic 
sheath  of  large  and  almost  cubical  parenchymatous  cells  (Fig.  156,  A-^B) ; 
this  is  a  feature  which  only  rarely  occurs  amongst  Dicotyledons,  although 
common  amongst  Monocotyledons.  According  to  Johow  and  Warming, 
PkUoxerus  vermdcidaris  possesses  a  decidedly  peculiar  type  of  leaf-structure, 
viz.  rather  massive  aqueous  tissue  on  the  lower  side  of  the  leaf;  stomata  in 
the  upper  epidermis  only;  assimilatory  tissue  only  on  the  upper  side ;  and 
lastiy,  vascular  bundles  (of  the  veins)  with  a  parenchymatous  sheath  of  cells 
with  wide  lumina,  and  radial  arrangement  of  the  adjoining  cells  of  the  palisade- 
tissue. 

Oxalate  of  lime  is  present  in  the  leaf  in  the  form  of  clustered  crystals 
or  crystal-sand.  Solitary  crystals  are  rare  (axis  of  AUernanthera  procumbens, 
according  to  Nemnich).    Crystal-sand  and  clustered  crystals  sometimes  occur 

^  The  stellate  hairs,  mentiooed  by  systematists  as  inyesting  certain  species  of  7>tcAinmmf  and 
the  hairy  ooveiing  of  Caiicfrtma^  described  by  them  as  fnrfiiraceons,  have  still  to  be  investigated. 
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side  by  side  in  the  leaf,  as  in  Amaranius  BlUum  and  A.  polygonoides,  where 
large  clustered  crystals  are  found  in  the  mesophyll,  whilst  sand  occiurs  in 
the  veins ;  in  other  cases  clustered  cr^tals  only  are  found  in  the  leaf  (Gomphrena 
desertorum),  or  sand  only  (Celosia  trigyna) ;  in  Cdosia  irigyna  the  sand  in  the 
cells  of  the  mesophyll  consists  of  coarse  granules  or  fragments,  whilst  that 
in  the  veins  is  more. finely  granular.  Crystal-sand  is  the  characteristic  form 
of  excretion  in  the  Order.     Besides  occurring  in  the  leaf  of  AmaratUus  and 


Pig.  156.  A-B,  Sheath  itmnd  the  vascular  bandies  in  the  veins  of  the  leaf  o(j4mMrmni$u  BlUmm,  L. :  A,  in 
transverse  section ;  B,  in  snrface.view.  c-F,  Forms  of  trichomes  of  the  Amarantaceae :  c,  Atrtfa  ianm^a^  Joss. ; 
D,  CladotArix  lanu^ftifM^  Natt. ;  b,  Iresine  Schaffneri^  Wats. ;  F,  Dicraurms  kptocladus^  Hook,  f.— Original. 

Celosia^  it  has  been  shown  to  occur  in  the  axis  in  species  of  the  following 
genera  by  Regnault,  Arcangeli,  Nenmich  and  myself :  Deeringia,  Celosia^  Bosia^ 
Chamissoa,  AUmania,  AmaratUus^  Acnida,  CyaihulOy  Pupalia.  Crystalloids 
have  been  met  with  by  Zimmermann  in  the  chloroplasts  of  the  leaf-tissue 
in  Achyranthes  VerschaffeUiiy  Mogiphanes  brasiliensis,  and  a  plant  described 
as  *Aeroa  Sanguisorba.* 

Ordinary  uniceDular  or  uniseriate  trichomes,  which  give  rise  to  a  crisp, 
woolly,  or  silky  hairy  povering,  are  widely  distributed  amongst  the  Amaran- 
taceae.   Capitate  hairs  with  a  unicellular  or  uniseriate  stalk  and  a  unicellular 
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spherical  or  ellipsoidal  head  are  found  on  the  veins  on  the  lower  side  of  the 
leaf  in  Amaranius^  and  have  also  been  observed  by  Nemnich  in  species  of 
AchyratUhes^  Acnida^  AUmaniay  Alternanthera  and  Gamphrena.  There  are 
numerous  special  forms  of  clothing  hairs  amongst  the  Amarantaceae ;  of 
these  I  may  mention  the  following  examples  derived  from  my  own  investigations. 
PtUotus  latifoliusy  R.  Br.  has  two-armed  or  many-armed  trichomes,  in  which 
the  stalk  and  the  frequently  long  arms  are  composed  of  a  row  of  cells  with 
thin  waJls ;  the  lowest  cells  of  the  stalk  are  short  and  have  yellow  walls.  Charac- 
teristic uniseriate  hairs,  composed  of  a  few  short,  basal  cells  with  yellow  walls, 
and  several  longer  cells,  of  which  the  terminal  one  is  pointed,  are  found  in 
Aerva  lanata,  Juss.  (Fig.  156,  C),  but  not  in  Aerva  Monsania,  Mart.,  where 
ordinary  uniseriate  hairs  occur.  The  characteristic  features  presented  by 
the  trichomes  of  Aerva  lanata  are  :  (a)  the  presence  of  numerous  small  Imobs  ^ 
on  the  longitudinal  walls  of  the  longer  cells  ;  these  knobs  are  not  solid,  but 
constitute  papillose  protuberances  of  the  wall  of  the  hair;  and  (b)  the  nature 
of  the  transverse  walls  in  the  upper  portion  of  the  hair ;  the  surface  of  these 
walls  is  not  plane,  the  margin  being  produced  into  papillae,  so  that  the 
cells  of  the  hair  become  firmly  dovetailed  with  one  another.  If  we  imagine 
some  of  the  papillae  of  the  long  cells  of  a  hair  in  Aerva  lanata  as  growing  out 
into  ray-cells  at  certain  points,  we  should  have  candelabra-hairs  like  those 
of  AUernatUhera,  Cladoihrix  (Fig.  156,  D)  and  Telanthera.  The  following 
points  of  difference  are  shown  by  these  hairs.  In  T,  fruUscens,  Moq.,  the 
upper  cells  of  the  candelabra-hairs  bear  whorls  of  pointed  branches,  each 
whorl  consisting  of  outgrowths  from  one  of  the  cells  immediately  above  the 
lower  transverse  wall,  whilst  in  Cladoihrix  lanuginosa^  Nutt.  the  branches  radiate 
from  the  middle  portion  of  the  cell,  the  cells  in  question  being  cylindrical; 
in  Telanthera  frutescens  we  meet  with  the  same  small  conical  protuberances 
as  in  Aerva  lanata^  whilst  in  Cladoihrix  lanuginosa  the  nature  of  the  trans- 
verse walls  in  the  upper  portion  of  the  hair  is  the  same  as  in  Aerva  lanata. 
According  to  Schleiden  and  De  Bary,  the  candelabra-hairs  of  AUemanthera 
spinosa  resemble  those  of  Telanthera  frutescens.  The  stellate  hairs  of  Iresine 
Pringlei,  Wats,  may  be  regarded  as  a  reduced  form  of  candelabra-hair ;  they 
possess  a  uniseriate  stalk  and  a  terminal  cell  with  three,  four,  or  more  rays. 
The  hairy  covering  of  a  second  species  of  Iresine  (/.  Schaffneri,  Wats.)  consists 
of  transitional  forms,  some  of  which  lead  up  to  the  trichomes  of  Aerva  lanata^ 
others  to  the  two-armed  hairs  of  Dicraurus,  The  commonest  forms  are  uni- 
seriate trichomes,  in  which  the  upper  portion  is  provided  with  small  papillose 
protuberances,  as  in  Aerva  lanata^  but  the  base  of  the  terminal  ceU  bears  out- 
growths in  the  form  of  a  number  of  short  ra}^.  The  remaining  trichomes 
of  Iresine  Schaffneri  are  two-armed  hairs  with  arms  of  unequal  length ;  the 
terminal  cell  has  thick  walls,  and  exhibits  small  papillae  all  over  its  longi- 
tudinal walls,  but  bears  still  larger  protuberances  Uke  rays  just  above  the 
point  of  insertion  of  the  stalk  (Fig.  156,  E),  From  hairs  of  this  type  it  is  not 
a  great  step  to  the  two-armed  trichomes  of  Dicraurus  lepiocladus^  Hook.  fil. 
(Fig.  156,  F) ;  here  the  terminal  cell  has  equal  arms,  and  its  walls  are  Ukewise 
provided  with  small  papillae. 

The  petiole  contains  an  arc  of  isolated  vascular  bundles  in  the  character- 
istic region  in  the  species  of  Celosia^  Amarantus  and  Gomphrena  examined 
by  Petit. 

3.   Structure  of  the  Axis,     The  anomalous  structure  of  the  stem ' 

^  Unlcellnlar  or  uniaexiate  hairs  with  similar  papillae  are  also  figured  by  Martins,  Nov.  Gen.  et 
Spec  plant.  Brasil.,  vol.  ii,  Tab.  127  et  seq.,  in  species  oHfebanihcy  Mcgiphtmes  and  Tekmihera, 
and  by  H.  Schenck  in  HabUhia  \  if  I  understand  him  rightly,  Nemnich  also  observed  them  in  species 
of  Acfn^ranihesy  AiUrmmtkera  and  Gomphrena, 

'  The  anomalous  structure  has  also  been  met  with  in  the  roots  of  the  Amarantaceae. 
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has  been  demonstrated  by  Sanio,  Regnault,  De  Bary,  Solereder,  Morot,  H. 

Schenck,Houlbert  and 
Nemnich  in  species  of 
the  following  genera  : 
Deeringiay  Celosia^ 
HermbstaedHa,  Ro- 
deiia,  Bosia^  Ckamis- 
soa,  Amarantus,  Acni- 
da,  Pupalia,  Psilotri- 
chum  J  Aerva,  Achy- 
ranthes,  Tdanthera, 
AlUmanihera,  Gotn- 
phrenay  Froelichiay  He- 
hanthe.  On  the  other 
hand  the  anomaly  is 
wanting  in  the  genus 
AchatocarpuSy  which 
has  recently  been 
transferred  from  the 
Amarantaceae  to  the 
Phytolaccaceae  by 
Schinz  and  Autran, 
and  according  to  my 
own  observation  also 
in  the  woody  Clado- 
thrix  lanuginosa,  the 
systematic  position  of 
which  amongst  the 
Amarantaceae  had 
never  yet  been  doubt- 
ed. The  mode  of 
origin  of  the  anomaly 
is  the  same  as  in 
the  Nyctagineae ;  the 
secondary  meristems 
develop  in  the  paren- 
chymatous pericycle, 
conunonly  on  the 
inner  side  of  small 
groups  of  sclerenchy- 
matous  fibres.  In  those 
cases  in  which  there 
are  successive  meri- 
stematic  rings,  each 
producing  a  ring  of 
vascular  Dundles,  the 
latter  are  arranged  in 
concentric  circles.  On 
the  other  hand,  when 
there  are  only  strips 
of  meristem,  aris- 
ing irregularly,  here 
A.  Botiayerva  mora,  L. ;  ^nd  there,  and  each 
developing    a    single 

vascular   bundle,  whilst  to  the  right  and  left  meristematic  strips  of  earlier 


FiC.  157.    Transverse  sections  through  the  axis  of : 
B,  Aerva  tmtuUn*^  W«II.«OHsiiiftl. 
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origin  are  still  active,  the  vascular  bundles  are  irregularly  arranged  in  the 
transverse  section.  It  may  be  noted  that  in  the  first  case  (Fig.  157,  A ') 
both  the  radial  conjunctive  tissue  (simulating  medullary  rays),  and  the 
tissue  occurring  tangentially  between  the  vascular  bundles,  is  paren- 
chymatous, whilst  in  the  second  case  (Fig.  157,  B ')  the  conjunctive  tissue 
is  prosench5anatous,  groups  of  unlignified  and  lignified  parenchyma  being 
present  only  in  connexion  with  the  phloem-groups.  Transitions  between 
the  two  types  are  occasionally  found  (see  HebatMe  fndverulenta^  Mart,  in 
H.  Schendc's  work).  Hie  prosenchymatous  conjunctive  tissue  bears  simple 
pits  like  the  prosenchyma  of  the  vascular  bundles  themselves.  Medullary 
rays  sometimes  occur  in  the  prosench3anatous  conjunctive  tissue.  The  vessels, 
which  attain  a  diameter  of  -2  mm.  in  the  twining  species  of  HebatUhe,  have 
simple  perforations.  De  Bary  mentions  the  occurrence  of  apparently  medul- 
lary vascular  bundles*  (with  regard  to  this  term  see  Nyctagineae)  in  species 
of  Cdosia^  Ackyranthes  and  AmaratUus ;  in  the  species  of  the  latter  geniis 
they  are  accompanied  by  true  medullary  vascular  bundles.  The  angles, 
which  are  sometimes  present  on  the  stems  of  the  Amarantaceae,  consist  of 
collench3rma  (Trichinium  sericosiachyum,  Nees,  &c.).  According  to  Regnault 
the  development  of  cork  takes  place  subepidermally  in  species  of  AmaratUus. 

Litezatuie:  Regnault,  Cydospenn^  Ann.  sc.  nat.,  sh.  4,  t.  xiv,  i860,  pp.  127-33  and  pL  viii. 
— Sanio,  in  Bot.  Zdt.  1864. — De  Bary,  Vergl.  Anat  1877,  especially  pp.  359  and  607  et  seq.— 
Johow,  in  Pringsheim,  Bot.  Jahrb.,  Bd.  xy,  1884,  p.  309  note. — ^11.  Scnenck,  Wandveidick.  etc., 
Din.,  Bonn,  1884,  p.  14  and  Tab. — Morot,  PMcycle,  Aim,  sc.  nat.,  s^r.  6,  t.  xx,  1885,  especially 
pp.  381-4. — H^rail,  Tigedes  DiootylM.,  Ann.sc.  nat.,  sir.  7,  t.  ii,  1885,  p.  346.r-^Iereder,  Holzstr., 
1885,  pp.  aii-13.— Witte,  Liftnen,  Diss.,  Freibaig  i.  Br.  a.  Kiel  1886,  pp.  13  and  34  et  seq.— Petit, 
Petiole,  Mem.  Soc.  phys.  et  sc.  nat  de  Bordetnx,  sir,  3,  t  iii,  1887,  pp.  330-41  and  pL  ii. — 
Aicangeli,  OssaL  calc.  criptocrist,  Naov.  Giom.  bot  Ital.,  vol.  xidii,  1891,  p.  309. — Zimmermann, 
Pflanzenzelle,  3.  Heft,  1891,  pp.  151,  153. — H.  Sdienck,  Anat.  d.  Lianen,  1893,  pp.  49-53  and 
Tab.  i. — Schinz,  in  NatiirL  Pflanzen&m.,  iii.  Tell,  Abt.  i  a,  1893,  pp.  93-3.— Schinz  and  Autran, 
Achatocarpusy  Ball,  de  THerbier  Boissier  1893,  ppb  1-14  and  pi.  i. — Honlbert,  Bois  sec.  dans  les 
Apples,  These,  Paris,  1893,  pp.  66-9. — Nemnich,  Axe  eta  d.  A.,  Diss.,  Erlangen,  1894,  36  pp.  and 
I  Tab.— Heibst,  Maikstr.,  Bot.  CentralbL  1894,  i,  p.  395.— Schnbert,  Parenchymscheiden,  Bot. 
Centndbl.  1897,  iv,  p.  63  et  seq.— Warming,  Halofyt  StncU,  K.  Danske  Vid.  Selsk.  Skr.  1897,  pp. 
334  and  336. 

CHENOPODIACEAE. 

(SUBORDO  I,  CHENOPODIEAE,  BENTH.  ET  HOOK.*) 

I.  Review  of  the  Anatomical  Features.  The  most  striking  anato- 
mical feature  in  this  Order  is  the  anomalous  structure  of  the  stem,  occurring 
in  all  Chenopodiaceae  in  which  the  growth  in  thickness  is  considerable.  It 
consists  in  the  appearance  of  pericyclic  rings  or  strips  of  cambium,  which 
originate  and  also  lose  their  activity  successively,  forming  secondary 
bundles  and  conjunctive  tissue.  Two  extreme  types  exhibited  by  the  trans- 
verse section  of  the  stem  may  be  distinguished :  the  first  shows  concentric 
zones  of  wood  and  bast ;  in  the  second  there  are  vascular  bundles  embedded 
in  prosench5rmatous  conjunctive  tissue,  and  arranged  in  various  ways,  either 

'  The  following  species  belong  to  this  type :  Celesta  argeniea^  Moq.,  Bosia  yerva  mora,  L.  and 
Ckamissoa  altissima^  H.  B.  K.,  as  describdl  in  my  *  Holzstroktor,'  Hebtmthe  holosericca^  Mart., 
according  to  H.  Schenck.  and  Rocktia  AmhenHana^  Moq.,  according  to  Houlbert 

'  The  following  species  belong  to  this  type :  according  to  my  '  Holzstruktnr  *  Deeringia  baccate^ 
Moq.,  Hermbstat&a  Caffra,  Moq.,  Pupalia  lappacea^  Moq.,  Ailoirichum  cordatum,  Moq.,  Aerva 
sctaidensy  Wall,  and  Telanthera  ramosisnma^  Moq.,  and  according  to  Witte  Irtsine  elatior,  Rich. 

'  CeUsia  argetUea  and  Ckamissoa  altissima  also  possess  apparently  medullary  vascular  bundles 
(see  my  'Holzstmktnr*).  I  will  do  no  more  than  mention  that  there  are  farther  statements  by 
Nemnich  on  this  subject,  as  they  do  not  appear  to  be  quite  reliable. 

*  The  Suborder  Baselleae  of  Bentham  and  Hooker  is  excluded  from  the  following  description, 
and  wiU  be  treated  separately  after  the  rest  of  the  Chenopodiaceae. 
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following  a  definite  law  or  without  regularity.  Other  features  common  to  the 
members  of  the  Order  are  as  follows :  the  vessels  usually  have  simple  perforations 
only  (exception  Axyris) ;  both  the  wood-prosendiynia  of  the  vascular  bundl^^ 
and  the  prosench3anatous  conjunctive  tissue  bear  simple  pits.  True  medul- 
lary rays  occur  in  the  species  showing  the  first  type  of  transverse  section, 
but  have  not  been  observed  in  the  prosench}miatous  conjunctive  tissue  (in 
the  second  type).    A  sclerenchymatous  pericycle  is  found  in  nearly  all  the 


Pig.  158.   Transverae  sections  thronsfa  the  leaves  of:  a,  Basst'a  muHcata.  All. :  B,  SmUoUion£ifolU.  Porsk. ; 

members  of  the  Order ;  it  rarely  consists  of  a  closed  sclerenchymatous  ring, 
and  is  mostly  composed  of  isolated  groups  of  sderench3rmatous  fibres.  Hie 
formation  of  cork  varies,  and  may  be  either  superficial  or  internal ;  in  the  latter 
case  it  generally  takes  place  in  the  pericycle.  The  following  special  anatomical 
features  are  found  in  the  stem  :  the  pecuhar  structure  of  the  stem  in  certain 
Salsoleae  and  Salicomieae  (which  have  a  peripheral  network  of  vascular  bundles 
in  the  aqueous  tissue,  surrounding  the  usuaJ  vascular  system  of  tha  axis) ; 
the  occurrence  of  apparently  medullary  vascular  bundles  in  certain  cases 
(species  of  Atriplex,  Beta  and  Chenapoaium),  and  of  true  medullary  bundles 
in  Acroglochin  persicarioides,  Moq. ;    finally  the  presence  of  spiral  tracheids 
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or  spicular  cells  in  the  assimilatory  parenchyma  of  the  stem  in  certain  species 
of  Artkrocnemum,  Salicomia  and  Satcobatus,  The  most  noteworthy  features 
in  the  structure  of  the  leaf  are  the  absence  of  a  definite  type  of  stoma,  and 
of  typical  spongy  tissue,  which  has  not  been  observed  in  any  species.  In 
spite  of  the  xerophilous  character  of  many  species  the  cuticle  rarely  attains 
a  considerable  thickness,  nor  have  mucilaginous  epidermal  cells  been  observed. 
On  the  other  hand  aqueous  tissue  and  a  covering  of  wax  on  the  surface  of 
the  organs  are  present  in  certain  species.  The  foUomng  anatomical  features 
of  the  leaf  are  of  value  for  spmal  diagnosis :  the  varied  mode  of  con- 
nexion between  the  assimilatory  tissue  and  the  vascular  system  of  the  veins 
(in  some  cases  hy  means  of  a  characteristic  sheath.  Fig.  158);  the  peripheral 
or  central  position  of  the  aqueous  tissue  developed  in  the  leaf  (Fig.  158) ; 
and  the  transverse  arrangement  of  the  stomata,  not  uncommonly  shown  by 
narrow  leaves  (but  occurring  also  on  the  axis).  No  internal  secretory  recep- 
tacles are  present.  Oxalate  of  lime  is  excreted  chiefly  in  the  form  of  clustered 
crystals  and  crjrstal-sand,  rarely  also  in  the  form  of  soUtary  crystals.  The 
hairy  covering  is  very  diverse.  Glandular  hairs  are  rare  {Camphorosmay 
Chenopodium,tig.  159,  L-0),  and  always  consist  of  a  row  of  cells,  of  which 
the  terminal  cell  or  the 'uppermost  cells  are  glandular.  Water-storing  bladder- 
like hairs  (Fig,  159,  C-r)  are  widely  distributed ;  they  have  a  unicellular 
or  umseriate  stalk  and  a  unicellular  head,  which  varies  in  shape,  being  spherical, 
or  sac-Uke,  or  sometimes  differentiated  like  the  terminal  cell  of  a  two-armed 
hair.  The  following  tj^pes  of  clothing  hairs  are  found :  ordinary  uniseriate 
trichomes ;  uniseriate  trichomes  with  short  basal  cells  and  one  or  more 
longer  cells,  the  latter  being  studded  with  cellulose-papillae  (Camphorosmeae 
and  Salsoleae  of  Volkens'  classification,  Fig.  159,  A) ;  two-armed  hairs  having 
a  terminal  cell  with  equal  arms,  and  likewise  provided  with  cellulose-papillae 
(Petrosimoniay  Fig.  159,  B) ;  stellate  hairs  in  which  all  the  rays  are  branches 
of  a  single  cell  {Grayia,  Ettrotia^  Fig.  159,  G-H) ;  steUate  hairs  with  several 
uni-  or  multicellular  rays  (Axyris^  Fig.  15^,  /) ;  finally  multicellular  cande- 
labra-hairs (Corispermum,  Fig.  159,  JC,  AgnophyUum). 

2.  Structure  of  the  Leaf.  The  following  description  is  mainly  based 
on  Volkens'  statements. 

The  leaf-structure  of  the  Chenopodiaceae  shows  a  number  of  anatomical 
characters,  which  are  correlated  with  the  dry  habitat  of  the  members  of  the 
Order. 

The  meaophyll  is  in  many  cases  differentiated  into  assimilatory  and  aqueous 
tissue.  The  assimilatory  tissue  is  essentially  composed  of  palisade-ceUs. 
Typical  spongy  tissue  is  absent  in  all  the  species  examined  by  Volkens.  Accord- 
ing to  Volkens  the  aqueous  tissue  shows  three  types  of  differentiation.  In 
the  first  case  (Rhagodia  BiUardieriy  R.  Br.)  it  forms  several  layers  of  palisade- 
like cells  with  thin  walls  beneath  the  upper  epidermis  of  the  leaf ;  it  has  not 
been  determined  whether  these  cells  belong  to  the  integumental  tissue  or 
not.  In  the  second  case  (in  species  of  the  genera  Bassia^  Kochia^  Chenolea^ 
Panderia,  Kirilowia  and  Atriptex)  it  forms  the  bulk  of  the  mesophyll,  whilst 
the  palisade-parenchyma  is  relegated  to  the  middle  layers  of  the  mesophyll 
(Atnplex  HaUmuSy  L.,  Fig.  158,  C),  or  may  even  be  confined  to  the  immediate 
neighbourhood  of  the  vascular  bundles  of  the  veins,  the  bundles  then  being 
always  provided  with  special  sheaths  (Bassia  muricaiay  All.,  Fig.  158,  A). 
In  the  third  case,  which  is  met  with  in  the  usually  terete  leaves  of  the  repre- 
sentatives of  the  Salicomieae,  Suaedeae  and  Salsoleae,  the  chief  part  of  the 
internal  tissue  of  the  leaf  is  composed  of  centrally  placed  aqueous  tissue,  which 
encloses  the  median  vein  together  with  its  branches,  lying  at  the  peiiphery 
of  the  aqueous  tissue ;  the  latter  is  often  (in  species  of  HalogeUmy  Salsold 
and  Traganum)  surrotmded  by  a  special  starch-sheath,  this  being  foUowed 
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by  a  layer  of  palisade-parenchyma,  and  the  latter  by  the  epidermis  (Fig.  158,  B). 
Salts  of  calcimn  or  otiier  mineral  salts  are  commonly  present,  dissolved  in  the 
contents  of  the  aqueous  cells. 

The  vascular  bundles  of  the  vefais  of  the  leaf  are  surrounded  by  special 
sheaths  in  some  members  of  the  Order  (in  the  Camphorosmeae,  SUsoleae, 
and  many  species  of  AtripleXy  but  not  in  the  Chenopodeae,  Corispermeae, 
Polycnemeae,  Salicomieae,  Suaedeae  and  most  Atn[diceae,  according  to 
Voikens  ^) ;  the  cells  of  th^  sheaths  are  distinguished  by  their  size  and  shape, 
by  the  thickening  of  their  walls,  and  by  their  contents  (often  including  large 
chloroplasts).  In  flat  leaves  (e.g.  in  Bassia  muricaia.  All.,  Fig.  158,  A)  thcie 
sheaths  are  found  in  direct  connexion  with  the  vascular  bundles,  and  even  in 
the  finest  ramifications  of  the  veins  they  enclose  the  bundles,  being  either  circular 
or  hippNOcrepiform  in  transverse  section ;  in  more  or  less  terete  leaves  (e.^. 
in  species  of  HalogeUm^  Salsola  and  Traganunif  Fig.  158,  B)  the  sheath  is 
external  to  the  strongly  developed  aqueous  tissue  (see  above),  which  encloses 
the  fibrovascular  system. 

The  epidermis  of  the  leaf,  so  far  as  is  known,  consists  of  a  single  layer 
of  cells.  The  outer  wall  rarely  has  a  thick  cuticle  (epidermis  of  the  leaf  of  Agrio- 
phyUum^  and  that  of  the  branch  of  NoaeOy  according  to  Voikens).  Gelatinixa- 
tion  of  the  epidermis  does  not  occur,  but  a  granular  coating  of  wax  is  some- 
times found.  Stomata  are  present  throughout  the  epidermis  of  the  leaf 
in  the  species  *  in  which  I  examined  the  leaf -structure,  and  this  is  the  case 
even  in  plants  with  flat  leaves.  In  the  narrow,  terete,  succulent  leaves 
it  is  not  a  rare  occurrence  for  the  pairs  of  guard-cells  to  be  paraUel  to 
one  another,  their  pores  being  arranged  transversely  to  the  median  vein  of 
the  leaf.  A  similar  transverse  arrangement  of  the  stomata  with  reference 
to  the  longitudinal  axis  is  also  occasionally  met  with  on  the  stem  *.  In  the 
xerophilous  species  the  stomata  are  commonly  depressed  below  the  surface. 
Strictly  speaking,  special  subsidiary  cells  have  not  been  observed  in  this  Order, 
but  in  those  cases  in  which  the  pairs  of  guard-cells  show  the  abnormal  arrange- 
ment mentioned  above,  and  in  which  the  ordinary  epidermal  cells  of  the  leaf 
are  also  more  or  less  distinctly  elongated  transversely  to  the  midrib,  there 
appear  to  be  subsidiary  cells  placed  parallel  to  the  pore  (on  the  leaf  of  Cam" 
pharosma  monspdiacum^  Salsola  Soda  and  Suaeda  fruiicosa^  and  on  the  axis 
of  Salicornia).  It  may  be  added  that  the  narrow  leaves  of  Polycnemum  arvense, 
L.  also  possess  stomata  showing  a  parallel  arrangement,  but  in  this  case  the 
pore  is  parallel  to  the  median  vein  of  the  leaf. 

The  hairy  covering  presents  very  diverse  forms,  some  of  which  are  charac- 
teristic of  certain  genera  or  groups  of  genera.  Unicellular  hairs  are  not  present, 
but  uniseriate  hairs  are  widely  distributed.  Those  on  the  leaf  of  Chenopodium 
BotrySf  L.,  for  example,  consist  of  a  rather  large  number  of  thin-walled  cells, 
rendering  the  hair  somewhat  articulated.  The  uniseriate,  simple  hairs, 
which  were  pointed  out  by  Voikens  in  species  of  Bassia  and  Kirilowia 
(Fig.  159,  i4)  are  especially  characteristic;  I  also  observed  them  in  Cam- 
phorosma  and   Eckinopsilon^  and   according  to   Voikens    they   are   widely 

^  The  tribes  referred  to  in  connezioa  with  Voikens*  inveitigations  are  taken  as  defined  in  his 
classification  in  the  Natiirliche  Pflanzenfiunilien. 

'  These  were  :  Chsnopedium  gtaucum^  L.,  AtripUx  kastaia^  L.,  Campharuma  monspeliacum^  L., 
Corispermum  hyssopifolium,  L,,  I^fycnemum  arvenu,  L.,  Echimpsihn  hyssopifoiius,  Moq.,  Suaeda 
fruticosoy  Foisk.,  Salsola  Soda^  L. 

'  The  ammgement  of  the  stomata  as  described  above  has  been  observed :  I.  on  the  leaves  of 
Camphorosma  mcmpeliacum^  L.,  Echtmpsilon  kyssop^olim,  Moq.,  HalogtUn  alcpecuroidis,  Moq., 
Salsola  Kali,  L.,  S,  hn^ifoHa,  Forsk.,  S.  Soda,  L.,  SmaodafnUicosa,  Fordu,  S,  maritima,  Dnm.  and 
Traganum  mtdaium,  Del.,  according  to  Brick,  Voikens,  Wanning  and  my  own  observations ;  XL  on 
the  stem  oi  Suaeda  Jrutkosa  (aooording  to  Georgfaieff)  and  of  the  Salicormas  (according  to  Duval- 
Joove), 
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distributed  in  the  Camphorosmeae  and  Salsoleae.  The  hair  is  either  seated 
on  one  prominent  epidermal  cell  or  between  two  such  cells ;  it  is  composed  of 
a  basal  portion  consisting  of  one  or  a  few  cells,  which  have  thin  walls  and  are 
also  often  distinguished  by  their  contents,  and  of  a  long  pointed  terminal  portion 
consisting  of  one  or  a  few  cells,  the  walls  of  which  are  thick  and  more  or  less 
densely  covered  with  small  solid  papillae.  Another  special  form  of  trichome 
is  seen  in  the  two-armed  hairs  observed  by  Volkens  in  Petrosimonia  (Fig. 
159,  B) ;  the  stalk  in  this  case  is  formed  by  a  few  short  cells,  whilst  the  ter- 
minal cell  is  covered  with  papillae.   Branched  trichomes,  which  are  of  a  similar 


Pig.  i>;9,  Tricbomes  of  the  Chenopodiaceae :  A,  Kirikmia  trUmihOy  Bge.;  B,  A/^w 
monia  smHca,  Bge.;  C.  AtripUx  kueodada.  Bdia.;  D-B,  Gravia  polm&idu.  Hook,  et 
Arn. ;  Y.Ck*9u>podttim*^iimy  L. ;  Q.GrayiapoiygabidM,  Hook,  et  Am. ;  H^Surctia  etratoddts^ 
C.  A.  Mer- ;  Ji  AxyrU  tmarankuUi^  C;  k,  C&rispermum  hysaoHfoUum^  L. ;  L,  Ck^no- 
podium  Botrja^  L. ;  m-K),  C.  ambrosioides^  L.— a-k  after  Volkena,  the  fenaainder  originaL 


nature,  and  resemble  stellate  or  candelabra  hairs,  have  been  met  with  by 
Volkens  in  two  groups  of  allied  genera  (in  Grayia^  Eurotia^  Ceraiocarpus  and 
Axyris,  and  in  Carispermum  and  Agriopkyllum).  The  stellate  hairs  of  Grayia 
polygahides^  Hook,  et  Am.  (Fig.  159,  G)  and  Eurotia  ccratoidesp  C,  A.  Mey. 
(Fig.  159,  H)  have  a  short  stalk  of  a  few  cells,  and  a  stellately  branched  ter- 
minal cell,  whilst  those  of  Axyris  amarantoides^  L.  (Fig.  159,  /)  consist  of  a 
long  uniseriate  hair  bearing  a  few  short  ray-cells  basaUy.  The  candelabra 
hairs  of  Corispermum  hyssopifolium^  L.  (Fig.  159,  K)  and  AgriopkyUum  arena- 
rtum^  Bieb.  have  a  uniseriate  axis  and  unicellular  rays. 

The  trichomes,  to  which  Volkens  gave  the  name  of  vesicular  hairs,  are 
especially  characteristic  of  the  Order,  and  give  rise  to  the  farinose  surface 
described  by  systematic  botanists.  According  to  Volkens  they  are  found  in 
many  species  of  Chenopodium,  Rhagodia,  MonoUpis,  Atriplex,  Exomis  and 
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Salsola,  and  they  also  occur  in  OHone  (Warming),  Teloxys  and  Axyris  (Geor- 
ghieff).  The  bladder-like  hairs  arc  of  the  capitate  type,  but  have  no  secretory 
function.  They  consist  of  a  unicellular  or  uniseriate  stalk  of  variable  length, 
and  of  a  uniodlular  head,  which  is  thin-walled,  and  stores  up  water.  The 
head  is  mostly  spherical  in  shape  (Atriplex  leucoclada^  Boiss.,  Fig.  150,  C,  and 
Chenapodium  glaucum^  L.),  but  occasionally  it  is  saccate.  In  the  latter 
case  the  longitudinal  walls  of  the  head  are  sometimes  provided  with  short 
protrusions  ^ig.  159,  £),  thus  constituting  a  transition  to  the  stellate  hairs 
of  Grayia  (see  above) ;  or  the  head  is  seat^  on  the  stalk  in  the  same  manner 
as  the  terminal  portion  of  a. one-  or  two^umed  hair  (Fif.  159,  D  and  F).  Bio- 
logically the  bladder-like  hairs  serve  for  the  storage  of  water,  as  Volkens  has 
shown.  When, the  water  contained  in  them  is  used  up,  they  collapse  and 
form  a  membranous  covering  on  parts  of  the  plant  where  they  have  been 
present  in  large  numbers. 

True  glandular  hairs,  secreting  oil,  have  hitherto  only  been  observed  in 
Camphorostna  and  in  species  of  Chenopodium  belonging  to  the  sections  Ambrina 
and  Botrydii4m.  They  are  always  uniseriate.  In  Camphorosma  all  the  cells 
of  the  filamentous  glandular  hairs  are  secretory,  with  the  exception  of  a  few 
at  the  base ;  in  Chenopodium  Botrys  (Fig,  159,  L)  the  uppermost  cells  form 
an  ellipsoidal  glandular  head,  only  slijghtly  marked  on  from  the  stalk, 
which  varies  in  length ;  in  C.  ambrosioides,  L.  (Fig.  159,  Af-0)  there  is 
an  approach  to  the  bladder-like  type  of  hair,  since  the  terminal  cell  is  espe- 
cially strongly  developed  (being  sac-like,  sometimes  with  two  unequal  arms), 
and  is  the  principal  or  only  seat  of  the  secretory  function. 

Internal  secretory  receptacles  have  not  been  observed ;  but  oxalate  of 
lime  is  commonly  excreted,  and  chiefly  in  the  form  of  clustered  crystals  or 
crystal-sand.  Octahednd  or  prismatic  crystals,  which  apparently  belong^  to 
the  tetragonal  system  (in  the  leaf  of  EckinopsUon  hyssopifolius  and  Cam- 
phorosma monspdiacum)^  are  rare,  and  so  are  monoclinic  crystals  (Volkens). 
Among  the  species  in  which  I  examined  the  leaf-structure,  clustered  crystals 
only  are  present  in  Atriplex  hastaiay  Corispermum  hyssopifolium,  Polycnemum 
arvense^  EchinopsUon  hyssopifolius  and  Salsola  Soda ;  in  Chenopodium  glaucum 
and  Camphorosma  monspeliacum  there  are  cells  with  clustered  crystals,  others 
containing  coarsely  granular  crystal-sand  besides  clustered  crystals,  and  others 
with  coarse  crystal-sand  alone ;  Chenopodium  Botrys  has  cells  with  coarsely 
granular  aystal-sand,  while  in  Suaeda  fruticosa  it  is  more  finely  granular.  Crystal- 
sand  has  also  been  observed  in  the  stem  in  species  of  the  genera  Ambrinay 
Anabasis^  Camphorosma,  EchinopsUon,  Exomis,  Haloxylon,  Salsola  and  Traga- 
num  as  stated  in  my  '  Holzstruktur.'  In  the  succulent  leaves  of  Salsola  longi- 
folia,  Forsk.,  Halogeton  alopecuroides,  Moq.,  and  Traganum  nudatum,  Del., 
the  clustered  crystals  occupy,  according  to  Volkens,  a  peculiar  position.  In 
these  species  a  loose  layer  of  colourless,  roundish  cells  is  intercalated  between 
the  epidermis  of  the  leaf  and  the  palisade-tissue ;  the  majority  of  these  cells, 
or  all  of  them,  contain  each  a  single  clustered  crystal ;  Volkens  regards  this 
sheath  of  crystals  as  a  protective  arrangement  against  the  attacks  of  snails. 

In  the  species  of  the  genera  Atriplex,  Blitum  and  Chenopodium  examined 
by  Petit,  the  fibrovascular  system  of  the  petiole  is  formed  by  isolated  vascular 
bundles,  which  are  arranged  in  an  arc  or  ring. 

3.  Structure  of  the  Axis.  Those  Chenopodiaceae  which  exhibit  con- 
siderable growth  in  thickness  are  characterized  by  the  same  anomalous  stnic- 
ture  of  the  axis,  as  occurs  in  the  Nyctagineae  and  Amarantaceae.  The 
following  statements  regarding;  the  course  of  development  of  this  anomaly 
are  quoted  from  Morot's  work :  secondary  rings  or  arcs  of  meristem  (the 
latter  anastomosing  reticulately)  arise  in  centrifugal  succession  in  the  peri* 
cycle  (internally  to  the  bast-fibres,  where  these  are  present)  and  produce 
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secondary  vascular  bundles  as  well  as  conjunctive  tissue  of  vaiying  structure. 
The  xylem-portions  of  these  secondary  vascular  bundles  always  arise  on 
the  inner»  the  bast-portions  on  the  outer  side  of  the  secondary  meristem. 
The  appearance  of  a  transverse  section  of  the  axis  differs,  according  to 
the  nature  of  the  conjunctive  tissue  and  that  of  the  menstem.  In  the  one 
case  (e.g.  in  Camphorosma  and  Echinapsilon)  rings  of  woody  tissue  alternate, 
in  the  radial  direction,  with  rings  of  thin- walled  tissue;  the  former  are 
traversed  by  hgnified  or  thin-walled  medullary  rays  of  varying  breadth, 
the  broader  rays  sometimes  separating  the  xylem-groups  of  the  vascular 
bundles  of  the  same  ring  from  one  another ;  the  other  rings  of  tissue  consist 
of  the  phloem-portions  of  the  vascular  bundles  together  with  thin-walled, 
parenchymatous  conjunctive  tissue,  which  is  present  in  variable  amount. 
In  the  second  case,  which  is  connected  with  that  first  described  by  means  of 
intermediate  t}rpes,  and  occurs  in  the  majority  of  the  Chenopodiaceae,  the 
vascular  bundles  are  embedded  in  a  prosenchymatous  interfascicular  tissue, 
and  exhibit  a  concentric,  spiral,  or  irregular  arrangement.  In  this  case  the 
xylem-groups  of  the  vascular  bundles  coalesce  witii  the  conjunctive  tissue ; 
they  are  only  distinguishable  owing  to  the  arrangement  of  their  vessels  in 
groups  opposite  the  bast-portions.  The  latter  vary  in  size,  and  are  some- 
times {Halosiachya  caspiay  C.  A.  Mey.)  remarkably  small ;  a  group  of  lignified 
or  unlignified  parenchymatous  conjunctive  tissue  is  commonly  associated 
with  them. 

In  a  transverse  section  of  the  stem  medullary  vascular  bundles  also  appear 
in  certain  members  of  the  Order,  but  these  are  rarely  (in  Acroglochin  persi- 
carioideSf  Moq.,  according  to  Georghieff)  true  medullary  bundles.  In  most 
cases  ^  their  development  shows  that  they  are  the  normal  leaf-trace  bundles, 
and  only  apparentiy  medullary ;  for  the  first  secondary  meristem  produces 
pith-like  tissue  external  to  them  before  proceeding  to  the  formation  of  the 
secondary  bundles. 

The  leaf-trace  bundles  sometimes  possess  considerable  growth  in  thick- 
ness, and  thus  delay  the  appearance  of  the  anomalous  growth  {Campharosma 
and  EckinopsUofiy  as  also  Blitum  virgatum,  Chenopodium  murale  and  C.  hybri- 
dum,  according  to  De  Bary,  Kochia  prostrata  according  to  Georghieff).  It 
may  be  added  here  that  in  Hcdostachys  caspia^  C.  A.  Mey.,  5-8  zones  of  growth 
correspond  to  one  period  of  vegetation,  and  consequently  a  decrease  in  the 
size  of  the  lumina  of  the  vessels  from  within  outwards  may  be  recognized  in 
the  i]|^on  of  these  five  zones,  as  in  an  annual  ring. 

The  following  statements  regarding  the  distribution  of  the  anomaly  in 
the  Order  are  denved  from  the  descriptions  given  by  the  various  investigators 
(Gemet,  Regnault,  De  Bary,  Morot,  Solereder,  Volkens,  Georghieff).  Pro- 
bably the  anomaly  occurs  in  all  species  having  considerable  growth  in  thick- 
ness ;  at  any  rate  no  well  established  exception  •  in  this  respect  is  yet 
knoMm.  Only  those  genera  and  species  which  exhibit  littie  or  no  growth 
in  thickness  have  stems  with  normal  structure.  According  to  Volkens, 
OreobtUon^  Aphanisma  and  Monolepis  are  examples.  In  Blitum  Bonus 
HenticuSj  Beta  trigyna  and  HMitzia  tamnoides  the  stem  is  normal  in 
structure  only  in  its  upper  portion  according  to  Georghieff.  In  the 
following  genera  the  anomaly  has  been  described  in  the  literature  (the 
sequence  is  that  of  Bentham  and  Hooker's  classification) :  Acroglochin^  Ha- 
blitzia,  Rhagodia^  Monolepis^  Chenopodium^  Teloxys,  Beta,  Spinada,  Exomis, 


s  Id  many  herbaceous  species  oiAtripUx^  Beta,  Chempodium  and  Ohkm^  according  to  Geoighiefif 
(see  also  De  Baiy). 

*  Tbe  two  exceptions  which  Georghieff  mentions  {Camphcrosma  m^mpcHacum,  L.  and  Grayia 
'  Sutkirlandif  Hook,  et  Am.*)  are  nonexistent ;  d  Volkens,  loc,  cit. 
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AtripieXf  Grayia^  Eurotia,  Axyris^  Camphorosma,  Corispemtum^  AgrtopkyUum^ 
Chenolea,  Kochia^  Halostackys^  Halocneman^  Arikrocnemum^  Salicomia^  Suaeda, 
Traganum,  Comtdaca^  Haloxylon,  Salsola^  Noaea^  Anabasis^  Halogeton  and 
SarcobnUus. 

The  following  facts  may  be  noted  regarding  the  detailed  anatomical 
structure  of  the  axis.  The  stems  of  the  herbaceous  forms  very  commonly 
possess  subepidermal  bimdles  of  coUenchj^ma,  which  project  as  ribs.  The 
portions  of  the  epidermis  adjoining  the  collenchymatous  bundles  externally 
often  consist  of  elongated  cells  (e.g.  in  Salsola  Kali^  L.),  whilst  the  intervening 
epidermal  cells  are  approximately  isodiametric  in  surface-view.  The  outer 
portion  of  the  primary  cortex  sometimes  (e.g.  in  species  of  Corispemmm^ 
SalsolUf  SuaedOy  &c.)  contains  pahsade-tissue.  In  most  cases  the  outer  limit 
of  the  pericyde  is  formed  by  groups  of  sclerench3m[iatous  fibres,  so  that  the 
occurrence  of  a  sclerenchymatous  pericycle  may  be  considered  as  an  ordinal 
character  in  the  Chenopodiaceae,  as  is  held  by  Georghieff .  The  sclerenchyma, 
however,  rarely  attains  a  strong  development ;  thus  in  Blitum  Bonus  Henricus^ 
for  instance,  only  weak  strands  of  collenchyma  are  present.  According  to 
Georghieff  and  Volkens  the  place  of  origin  of  the  cork  varies.  In  Camphorosma 
and  its  immediate  allies  the  subepidermal  cell-layer  becomes  the  phellogen 
(Volkens) ;  in  Kochia  prostrata^  Schrad.  the  cork  arises  in  the  primary  cortex 
(Georghieff) ;  finally  in  the  Atripliceae,  SaUcomieae,  Suaedeae  and  SaJsoleae  \ 
according  to  Volkens,  the  cork  cambium  is  constituted  by  a  layer  of  the  peric vcle, 
which  lies  immediately  to  the  interior  of  the  groups  of  sclerenchymatous  fibres, 
where  these  occur,  tne  prosenchymatous  conjunctive  tissue  usually  has  thick 
walls,  and  always  bears  simple  pits,  and  its  cells  may  be  arranged  in  radial 
series,  or  irregularly;  medullary  rays,  such  as  occur  in  the  Nyctagineous 
genus  Pisania,  have  not  been  observed  in  this  tissue,  which  in  many  cases 
cannot  be  distinguished  from  the  wood-prosench}ana  of  the  vascular  bundles, 
since  the  elements  of  the  latter  tissue  also  have  simple  pits.  True  spiral 
tracheae  (primary  vessels)  only  occur  in  the  innermost  vascular  bundles, 
i.e.  in  the  leaf-traces.  The  pitted  vessels  of  the  wood  generally  possess 
a  diameter  of  •015—045  mm. ;  the  twining  species  HaUUxia  tamnoiaes  has 
vessels  with  wide  lumina.  Tlie  perforations  of  the  vessels  are  as  a  rule 
simple.  Scalariform  perforations,  *with  very  oblique,  almost  longitudinal 
bars,'  have  only  been  recorded  in  Axyris  atnarantaides  by  Georghieff.  Spiral 
thickening  of  the  vessel-wall  is  very  widely  distributed,  and  sometimes  occurs 
in  all  the  pitted  vessels,  but  in  most  cases  only  in  those  with  narrow  lumina  ; 
it  has  been  observed  in  certain  species  of  Atriplex^  Camphorosma^  EuroHa, 
Halocnemon,  Halostachys^  HaloxyUm^  Kochia^  Noaea,  Rhagodia  and  Suaeda 
(for  details  see  my  '  Holzstruktur  '  and  Georghieff's  work). 

Certain  genera  of  the  tribes  Salicomieae  and  Salsoleae  require  a  special 
description.  In  the  stem,  as  in  the  leaves  of  these  genera  (see  above),  strongly 
developed  aqueous  tissue  is  present ;  it  surrounds  the  vascular  system,  and 
is  in  its  turn  enclosed  by  a  sheath  of  palisade-tissue,  and  this  again  by  the 
epidermis ;  the  latter  is  sometimes  (as  in  Anabasis  aphylla^  L.,  Brachylepis 
mopoda^  Schrenk,  &c.)  strengthened  by  hypoderm.  The  aqueous  tissue  is 
enveloped  by  a  characteristic  network  of  vascular  bundles  closed  on  all  sides  ; 
the  xylem-groups  of  these  bundles  point  inwards  in  the  normal  way  in  the 
Salicomieae  investigated  by  Dangeard,  but  are  directed  outwards  in  the  Sal- 
soleae examined  by  the  same  author.  It  may  also  be  noted  that  the  saone 
characteristic  sheath  of  collecting-cells  as  occurs  in  the  leaves  has  been  observed 
between  the  palisade  and  aqueous  tissue  of  the  stem  but  in  the  Salsoleae  only. 


^  Again  these  groups  are  to  be  taken  as  defined  in  Volkens'  rerision  of  die  Chenopodiaoete. 
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The  features  in  ques;tion  have  been  recorded  in  the  following  cases  by  Dangeard : 
amongst  the  Salicomieae  in  species  of  HalosiachySy  Halocnemon,  Arthrocnsmum  and 
Salicamia  ;  amon^  the  Salsoleae  in  species  of  Ofaiston^  Noaea  and  Anabasis  (with 
Brachylepis) ;  cortical  vasctdar  bundles  with  inverse  orientation  were  also  found  in 
species  of  Horaninovia^  Caroxylon^  Girgensohnia^  Halimocnemis  and  Halanthium. 
See  also  Volkens'  work,  with  regard  to  species  of  Comulaca,  Haloxylon  and  Anabasis, 
The  stem  of  Salsola  Kali,  L.  exhibits  the  layer  of  palisade,  the  characteristic  sheath 
and  the  aqueous  tissue,  but  the  network  of  bundles  is  wanting  (Brick). 

In  certain  species  of  Salicamia  and  Arthrocnemum  the  palisade- tissue 
of  the  stem  contains  sac-like  tracheids  with  wide  lumina  and  strengthened 
by  means  of  a  spiral  band ;  the  longitudinal  axes  of  these  elements  lie  radially. 
lliey  are  found  in  Salicomia  ftuHcosa,  5.  patula,  S,  peruviana^  5.  sarmentosa, 
S.  virginica  and  Ar^ocnemwn  ambiguum,  whilst  they  are  only  slightly  de- 
veloped in  5.  Emcrici,  and  are  wanting  in  5.  herbacea^  Arthrocnemum  arbusctUa, 
A.  capsicum  and  A.  indicum  (Duval-Jouve,  Dangeard).  In  Salicornia  macro- 
stachya  their  place  is  taken  by  spicular  cells,  which  are  elongated  in  the  same 
direction,  and  slightly  branched,  especially  at  their  apices.  Similar  '  stereides ' 
occur  in  Arthrocnemum  and  Sarcobatus,  according  to  Volkens. 

The  root  exhibits  the  same  anomalous  structure  as  the  stem.  For  syste- 
matic purposes  it  is  an  important  fact  that  the  anomaly  may  be  demonstrated 
in  the  root  of  species  in  which  it  does  not  appear  in  the  stem,  owing  to  the 
small  amount  of  ^wth  in  thickness  in  the  latter  (Blitum  Bonus  nenricus. 
Beta  trigyna,  Hablttzia  tamnoides,  according  to  Georghieff). 

litentnre :  Unger,  Ban  n.  Wachst.  d.  Dicotyledonenst,  St.  Petenburg,  1840,  pp.  104-8,  Tab. 
xiii-ziT. — ^Basiner,  lurghiaensteppe,  in  Baer  n.  Hebnersen,  Beitr.  z.  Kenntn.  d.  niss.  R.,  Bd.  xv,  1848, 
p.  93.— Schacht,  Pflanzenx.,  1853,  p.  383  and  Tab.  xv. — Gernet,  Holzk.  einiger  Ch.,  Boll.  Soc.  imp. 
NatnraL  de  Motcou,  t  xxzii,  1859,  PP-  1^4-88  and  Tab.  ii. — Regnanlt,  Cydosperm^,  Ann.  sc.  nat, 
s^r.  4,  t.  xiy,  i860,  pp.  133-9  '"^  P^*  ^^ — Sanio,  in  BoL  Zeit.  1863,  P<  4'^  ^^  '^^4>  P*  ^^^* — 
A.  Weiss,  Pflanzenbaare,  18^,  Fig.  198.— DuTal-Jonve,  Salicomi^es,  Bull.  See.  bot  de  France  1868, 
pp.  133-40  and  pi.  I.— Van  Ti^hem,  Symm.  de  struct.,  Ann.8c.  nat.,  s^r.  5,  t.  xiii,  1871. — Martinet, 
Oig.  de  96ct6t.,  Ann.  sc  nat.,  ser.  5,  t.  xir,  1873,  p.  139  and  pL  8. — De  Bary,  Veigl.  Anat.,  1877. — 
Drorsen,  Anat.  etc.  d.  Zackeniibe,  Diss.,  Halle  a.  S,,  1877, 37  pp.^Are8choiig,  Blad.  anat,  Minnes- 
skxin  Lund  1878,  p.  1 1 7  et  seq.  and  Tab.  ix.«-De  Vries,  Wachstnmsgesch.  d.  Znckernibe,  Landwirtsch. 
Jahrb.  ▼.  Thief,  Bd.  viJi,  1879,  p.  417  et  seq.  and  Tab.  vi.— Hultte]^,  Salicamia,  Acta  Lund.,  vol. 


xviii,  1881-3,  51  pp.  and  5  Tab. — Batalin,  Salicomia  Aerdaeea,  BnU.  oongr^  de  bot  et  d'hort.  k 
St.  Pftenboorg,  1884,  pp.  319-33 ;  Just  1884,  I,  p.  313. — Pichi,  Biia  vulgaris.  Tar.  sacharifera, 
NuoT.  Giom.  bot  Ital.,  vol.  xvi,  1884,  pp.  363-81.— Volkens,  Standort  n.  anat  Ban,  Jahrb.  Berlin. 
Gait.  i88^2p.  37  et  seq. — Morot,  P^ricyde,  Ann.  sc.  nat.,  s^r.  6,  t  xx,  1885,  espedally  p.  377  et  seq. 
— H^rail,  T^e  des  Dicotvl.,  Ann.  sc.  nat.,  s^.  7,  t  ii,  1885,  pp.  345-6.— Solereder,  Holxstr.,  1885, 
pp.  31 7-19.— Georghieff,  Vergl.  Anat  d.  Ch.,  Bot  Centralbl.  1887,11,  p.  1 1 7  et  seq.  and  Tab.  iv-vii  and 


nalivf.  Gcsellsch.  in  Danzig,  Bd.  xvii,  i.  Heft,  1888,  pp.  136-43  and  Tab.  ii. — ^Dangeard,  Struct,  des 
Salicomieae  et  des  Salsolaceae,  BulL  Soc.  Linn,  de  ^ormandie,  s^r.  4,  t.  ii.  Caen,  1888,  pp.  88-95 ; 
see  also  Boll.  Soc  bot.  de  France  1888,  pp.  1^7  and  197  et  seq. — Van  Tieghem,  in  Ann.  sc.  nat., 
8^.  7,  t  viii,  1888,  p.  70. — Wanning,  Fra  Vesterhavskystens  Marskegne,  Vidensk.  Meddelels.  naturh. 
Foren.  i  Kbhyn.  1890,  pp.  314  et  seq.,  331  and  335. — Arcangdi,  Stmtt.  delle  foglie  dell*  AtripUx^ 
Nuov.  Giom.  bot,  rol.  xxii,  1890,  pp.  j.36-30. — Benecke,  Nebenz.  etc.,  Bot.  Zeit.  1893,  p.  ^74. — 
Volkens,  in  Natiirl.  Pfla&zenfiun.,  Ul  Teil,  Abt  i  a,  1893,  pp.  39-44.— H.  Schenck,  Anat.  d.  Lianen, 
1893,  pp.  48-9  and  3fti.— Houlbert,  Bois  dans  les  Ap^tales,  T&se,  Paris,  1893,  pp.  70-1. — Herbst, 
Maxkstr.,  Bot.  Centralbl.  1804,  i,  p.  395^— Russell,  Climat  m^.,  Ann.  sc  nat,  s^r.  8,  t  i,  1895, 
p.  336  et  leq. — Schubert,  Parenchymsdbeiden,  Bot  Centralbl.  1897,  iv,  p.  63  et  aeq. — ^Warmmg, 
Halofyt  Stud.,  K.  Danske  Vid.  Selsk.  Skr.  1897,  pp.  190  et  seq.,  especially  3Ik  and  339  et  seq.— 
[Froo,  Racine  des  Suaeda  et  des  Salsola,  Compt.  rend,  t  cxxv,  1897,  p.  366  and  Struct,  spiral^  des 
rac.  de  cert  Ch.,  loc  dt,  t.  cxxvli,  185^,  p.  563.] 

BASELLACEAE. 

The  limits  of  this  small  Order,  which  was  established  by  Moquin-Tandon 
in  DC.  Prodr.,  vol.  xiii.  2»  coincides  with  those  of  Subordo  II  Baselleae  in 
the  classification  of  the  Chenopodiaceae  in  Bentham  and  Hooker's  Genera 
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Flantamm.  The  elevation  of  this  Saborder  to  the  rank  of  an  Order  and  its 
separation  from  the  Chenopodiaceae  is  also  warranted  on  anatomical  gromids. 
Neither  the  stem  nor  the  root  of  the  Basellaceae  exhibits  the  anomaly  found 
in  the  Chenopodiaceae,  whilst  on  the  other  hand  intraxylary  soft  bast  occurs. 
Other  noteworthy  features  for  the  diagnosis  of  the  Order  are  the  structure 
of  the  stomatal  apparatus  (which  belongs  to  the  Rubiaceous  type)  and  the 
sclerenchymatous  pericycle  in  the  stem.  Oxalate  of  lime  is  excreted  in  the 
form  of  clustered  crystals,  and  more  rarely  in  that  of  solitary  tetragonal  crystals. 
Mucilaginous  sap,  which  can  be  drawn  out  into  threads,  has  been  observed  in 
the  leaves  and  jcortex  of  certain  members  of  the  Order ;  it  is  due  to  the 
occurrence  of  spherical  mucilage-ceUs. 

I  have  made  a  detailed  examination  of  the  leaf-stmctiire  in  Basdla  rubra^ 
L.,  BoussingauUia  baseUoUes^  H.  B.  K.  and  Antedera  spicata^  Pers.  Trichomes 
are  not  present.  Both  sides  of  the  leaf  are  provided  with  stomata,  which  are 
accompanied  by  two  or  more  subsidiary  cells,  arranged  parallel  to  the  pore. 
Large,  spherical  mucilage-cells,  in  which  the  mucilage  apparently  originates 
from  the  membrane  and  does  not  belong  to  the  ceU-contents,  are  onlv  found 
in  the  mesophyll  in  the  species  of  Anredera  and  BoussineauUia.  Clustered 
crystals  of  oxalate  of  lime  are  present  in  the  leaf-tissue  of  the  three  species 
investigated ;  in  Basdla  rubra  there  are  also  prismatic  or  octahedral  crystals 
of  the  same  salt,  and  in  the  dried  leaf  of  Anredera  spicata  yellowish  sphaero- 
crystalline  masses  of  imknown  chemical  composition. 

The  petiole  in  Basdla  rubra  contains  two  large,  nearly  median  vascular 
bundles,  adjoined  on  either  side  by  smaller  bundles ;  in  BoussingauUia  basd- 
hides  there  is  an  arc  of  wood  and  bast  (Petit). 

The  structure  of  the  axis  has  been  investigated  by  Morot  in  Basdla  rubra^ 
BoussingauUia  basdloides  and  UUucus  tuberosus,  and  by  me  in  Basdla  rubra 
and  Anredera  spicata.  In  all  these  species  there  is  a  sclerenchymatous  peri- 
cycle, which  is  weakly  developed  in  uUucus  iuberosus^  but  strongly  developed 
and  continuous  in  Anredera  spicata  ;  in  BoussingauUia  baselloides  it  is  broken 
up.  The  vascular  bundles  are  of  different  sizes,  smaller  strands  being  inter- 
calated between  the  larger ;  the  bundles  are  isolated  and  arranged  in  a  ring. 
The  larger  bundles  possess  intraxylary  soft  bast,  which  is  developed  to  a 
variable  extent  and  only  arises  secondanly,  according  to  Morot.  The  diameter 
of  the  vessels  is  large  (reaching  -2  mm.  or  more)  in  Anredera^  and  probably 
also  in  the  other  twining  species ;  the  perforations  are  simple.  The  formation 
of  cork  takes  place  in  the  outermost  cell-layers  of  the  prixnary  cortex  in  Bous- 
singauUia  baselloides, 

litemtare :  Stnsbuger,  Spaltoffii.,  Piingaheim  Jahrb.  1866-7,  p.  316  and  Tab.  xzzviii. — Morot, 
Anat  d.  B.,  BnlL  Soc.  hot.  de  Franoe  1884,  pp.  i04-7.»Georgfal^  in  Bot.  CentralbL  1887,  ",  pp. 
371-3. — Petit,  Petiole,  M^m.  Soc.  sc.  nat.  et  phys.  de  Bordeaux,  wir,  3,  t.  iii,  1887,  p.  238  and  pf.  i. 
— Volkens,  in  Naturl.  Pflanzenfam.,  iii.  Tdl,  Abt  i  a,  1893,  p.  125. 


PHYTOLACCACEAE. 

I.  Review  of  the  Anatomical  Features.  In  its  anatomy  this  Order 
only  possesses  a  few  distinctive  characters  common  to  all  its  members.  Such 
are  the  absence  of  external  glands  and  of  special  internal  secretory  recep- 
tacles, the  simple  perforations  of  the  vessels  and  the  superficial  development 
of  the  periderm.  On  the  other  hand  the  type  of  stoma  and  the  nature  of 
the  pitting  in  the  wood-prosenchsona  vary  within  the  hmits  of  the  Order. 
The  Rubiaceous  type  is  well  marked  only  in  certain  genera  {Ledenbergia^ 
MonococcuSj  &c.) ;  in  other  cases  the  stoma  is  surrounded  by  a  relatively 
large  number  of  epidermal  cells  exhibiting  no  special  arrangement.    The 
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wood-prosenchyma  bears  simple  pits  in  the  Rivineae  (excl.  Mictoiea)  and 
£aphytolacceae»  but  in  the  Gyrostemoneae,  Microtea  and  the  anomalous 
genus  Stegnospcrma^  the  pits  in  this  tissue  have  narrow  thouj§;h  distinct  borders. 
The  pericycle  is  sclerenchymatous,  containing  a  composite  and  continuous 
sderenchymatous  sheath  (e.g.  in  Codanocarpus,  GaUesia^  Phytolacca^  Seguieria)^ 
or  isolated  groups  of  bast-fibres,  or  isolated  fibres.  Secondary  hard  bast  has 
not  been  oteerved.  In  a  number  of  genera  belonging  to  the  tribes  Rivineae 
and  Euphytolacceae  the  structure  of  the  stem  or  root  is  anomalous  (stem 
and  root  of  Phytolacca^  stem  of  ErcUla^  GaUesia  and  Seguieria^  root  and  (?) 
stem  of  Anisomena) ;  the  anomaly  consists  in  the  formation  of  successive 
secondary  rings  of  vascular  bimdles  in  the  pericycle.  Oxalate  of  lime  never 
occurs  in  the  form  of  the  ordinary  soUtary  or  clustered  aystals.  The  Rivineae 
(excluding  Microtea)  are  distinguished  by  possessing  styloids ;  in  the  Euphy- 
tolacceae and  the  anomalous  genus  Agdestis  raphide-sacs  are  characteristic, 
and  in  the  Gyrostemoneae  the  absence  of  oxalate  of  lime  ;  the  anomalous  genus 
Stegnosperma  possesses  sphaerites.  Raphides  and  styloids  not  uncommonly 
give  rise  to  pellucid  dots  in  the  leaf.  The  hairy  covering  consists  of  simple 
uniseriate  hairs.  The  following  special  anatomical  features  of  the  Order 
may  be  shortly  referred  to  at  this  point :  the  occurrence  of  hypoderm 
on  the  upper  side  of  the  leaf  {GaUesia  Gorazema^  Moq.) ;  gelatini^ation  of 
epidermal  cells  (species  of  Codonocarpus  and  Gyrostemon)  and  more  rarely  of 
internal  cells  in  the  tissue  of  the  leaf ;  medullary  vascular  bundles  in  the 
stem  (Phytolacca  dioica,  L.) ;  and  sacs,  crowded  with  numerous  crystals  of 
varied  shape  (species  of  GaUesia  and  Monococcus). 

2,  Structure  of  the  Leaf^.  This  is  bifacial  in  most  members  of 
the  Order,  more  rarely  centric  (in  GaUesia  Gorazema^  Moq.,  Codonocarpus  aus- 
traliSy  Cunn.,  Gyrostemon  ramulosus^  Desf.,  and  according  to  Schulze  Didy- 
motheca  thestoides).  When  the  leaf  is  centric  the  mesophyll  either  consists 
of  palisade-tissue  throughout  {GaUesia  Gorazema)^  or  the  middle  of  the  leaf 
contains  aqueous  tissue  {Gyrostemon  ramulosus).  The  epidermal  cells  have 
straight  or  undulated  lateral  walls.  Gelatinization  of  the  epidermis  is  men- 
tioned by  Blenk  as  occurring  in  Codonocarpus  australis  and  dyrostemon  ramu- 
losus ;  cells  with  mucilaginous  membranes  are  also  found  in  a  subepidermal 
position  in  the  larger  veins  of  the  leaf  in  Codonocarpus  australis^  and  in  the 
central  aqueous  tissue  of  Gyrostemon  ramulosus.  In  the  species  of  Petiveria 
the  epidermal  cells  contain  chlorophyll  (Schulze).  A  hypoderm,  composed 
of  two  layers  of  rather  large  cells,  is  developed  on  the  upper  side  of  the  leaf 
in  GaUesia  Gorazema.  The  stomata  are  either  confined  to  the  lower  side  of 
the  leaf,  or  (in  Phytolacca  dioica,  L.,  and  according  to  Schulze  especially  in 
species  of  Microtea^  Codonocarpus  and  Didymotheca)  occur  on  both  surfaces. 
According  to  my  own  observations  those  of  Codonocarpus  and  Phytolacca  are 
always  surrounded  by  a  number  of  ordinary  epidermal  cells  exhibiting  no 
special  arrangement,  whilst  in  Rivina  and  GaUesia  stomata  belonging  to  the 
Rubiaceous  tj^  also  occur,  the  latter  being  the  only  type  present  in 
Ledenbergia  and  Monococcus,  Schulze  describes  the  Kubiaceous  type  as 
occurring  in  Petiveria^  Monococcus  and  GaUesia^  and  for  the  most  part  in 
Ledenbergia  and  Mohlana,  In  the  larger  veins  there  is  generally  no  scleren- 
chyma  accompanying  the  vascular  bundles,  but  in  those  of  GaUesia  Gorazema 
SL  sderenchymatous  ring  is  developed. 


^  The  stractiire  of  the  leaf  and  axis  has  recently  been  examined  in  detail  by  Schnlze.  In  his 
woik  the  foUowini^  genera  were  investigated :  Rivina,  Lsdendirgia,  MckUma,  PsHveria,  Microtea^ 
AAmfic^cMs,  S4(guieria  and  GaUesia  (Tribe  Rivineae) ;  Phytolacca,  Ercilla  and  Anisamerta  (Tribe 
Euphytolacceae);  Didymoiheca,  Codonocarpus  and  Gp-ostcmon  (Tribe  Gyrostemoneae);  and  the 
anomalons  genera  SUgnospcrma  and  Agdestis* 
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The  mode  of  excretion  of  oxalate  of  lime  differs  in  the  different  tribes. 
The  genera  Rivinm^  Mohlana^  PeHveria  and  Seguieria  (according  to  Blenk), 
GaUesia  (according  to  Radlkofer)^  Ledenbergia  and  Monocaccus  (according  to 
Schulze),  and  VUlamiUa  ( V.  odandra^  Hook,  f .)  all  belonging  to  the  Tribe  Rivineae* 
possess  styloids  (sometimes  having  the  shape  of  a  swallow's  tail) ;  in  MicroUay 
which  is  included  in  the  same  tribe  by  Bentham  and  Hooker,  oxalate  of  lime 
appears  to  be  wanting  (according  to  my  own  investigation  of  the  axis  and  leaf 
in  M,  tnaypurensis,  Don,  and  according  to  Schulze).  The  genera  Phytolacca^ 
Ercilla  and  Amsomeria^  belonging  to  the  Tribe  Euphytolacceae,  contain 
raphides,  according  to  Blenk ;  the  same  form  of  aystal  also  occurs  in  the 
anomalous  monotypic  genus  AgdesUs,  according  to  Schulze.  In  the  Gyro- 
stemoneae  {Didytnoiheca,  Cadofwcarpus,  Gyrosiemon)  oxalate  of  lime  has  not 
been  observed.  The  anomalous  genus  Stegnosperma  is  characterized  by 
possessing  large  sphaerites  of  oxalate  of  Ume  (Schulze).  It  may  be  added  that 
the  styloids  and  bundles  of  raphides  occur  both  in  the  mesophyll  and  in  the 
parenchymatous  tissues  and  bast  of  the  axis ;  those  in  the  mesophyll  are 
arranged  either  paraUel  or  at  right  angles  to  the  leaf-surface, 
and  in  the  latter  case  commonly  give  nse  to  transparent  dots. 
The  styloids  often  attain  very  considerable  dimensions.  In 
GaUesia  Goraxema  and  Monococcus  echinopharus^  F.  v.  MiiU.,  the 
styloids  are  accompanied  by  special  crystal-sacs  in  the  meso- 
phyll and  veins  of  the  leaf  (according  to  my  own  observa- 
tions), and  in  the  former  species  similar  sacs  occur  in  the 
primary  cortex  of  the  axis ;  they  are  filled  with  numerous, 
rather  small  crystalline  bodies,  the  shape  of  which  varies,  being 
either  shortiy  prismatic  or  rounded  (rig.  i6o).  In  the  same 
way  small  crystals,  resembling  styloids,  are  found  in  consider- 
able numbers  side  by  side  with  well-developed  styloids  in 
certain  cells  of  the  bast  of  Rivina  humiliSy  L.,  and  in  the  leaf  of 
ViUamiUa  odandra,  Zimmermann  states  that  nuclear  ci^tal- 
loids  occur  in  the  cells  of  the  mesophyll  in  Rivina  humUts  and 
Ledenbergia  rosea-aenea,  and  in  the  former  species  in  the  epi- 
•S?in^vSS?^  dermis  of  the  leaf  also.  Kruch  has  recorded  crystalloids, 
iheie«fof^^«a  occurring  free  in  the  cell-sap,  in  the  apical  region  of  the  leaf 
of5?S3!^  '"  in  Phytolacca  abyssinica,  and  according  to  the  same  author 
pecuUar  spherical  bodies  containing  proteid  and  varjang  as  to 
the  nature  of  their  surface,  occur  in  cells  of  the  apex  of  the  leaf  in  P.  icosandra. 
Special  internal  secretory  receptacles  *  are  absent. 

The  hairy  covering  consists  only  of  simple  uniseriate  hairs ;  glandular 
hairs  are  not  present. 

In  PhytoUcca  decandra^  L.,  a  transverse  section  of  the  petiole  in  the  charac- 
teristic region  shows  an  arc  of  three  isolated  vascular  bundles,  with  smaller 
bundles  adjoining  them  towards  the  margins  of  the  petiole. 

3.  Structure  of  the  Axis.  Some  of  the  genera  belonging  to  the  Tribes 
Rivineae  and  Euphytolacceae  are  distinguished  by  having  an  anomalous 
stem-structure,  wnich  consists  in  the  appearance  of  successive  rings  of  vascular 
bundles  in  the  pericycle.  This  anomaly  has  long  been  known  to  occur  in 
species  of  Phytolacca  (P.  abyssinica^  Hoffm.,  P.  acinosa^  P.  decandra^  L.,  P. 
dioicoy  L.,  P.  icosandra^  L.),  where  it  is  found  not  only  in  the  stem,  but  also 
in  the  root  (Avetta).    Kriiger  also  observed  it  in  a  piece  of  the  branch  of 


*  Sdiolze  correctly  deicribet  brown,  taimimferoiis  cells  as  occnrrin^  in  the  mesophyU  of  GaUesia 
Gorazima ;  but  his  statement  regarding  the  occnrrenoe  of  snbepidennal  secretory  oells  (*the  gela- 
tinized portions  of  the  membrane  of  mndlaginoos  epidermal  cells)  in  the  leaf  of  Codonocarpus 
austraiu  and  in  a  plant  with  linear  leaTe%  desoibed  as  *  GyrQsttmon  amtralis!  is  incorrect. 
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ErciUa  vohMlis  2  cm.  in  thickness,  and  I  have  met  with  it  in  Seguieria  flori- 
bundOf  Benth.  and  5.  longifolia,  Benth.,  to  which  on  Schulze's  authority  we 
may  add  5.  americana  \  According  to  Schulze  this  anomaly  is  also  found 
in  Gallesia  Gorazema,  Moq.  and  Anisomeria  drastica^  Moq. ;  I  can  confirm 
these  statements  in  the  case  of  the  stem  of  the  former  species,  and  at  any 
rate  as  regards  the  root  of  the  latter.  Transverse  sections  of  sufficiently  thick 
branches  of  the  above-mentioned  species  of  Phytolacca,  ErciUa,  Seguieria  and 
Gallesia  show  alternating  concentnc  rings  of  wood  and  bast.  The  inner- 
most ring,  which  alone  contains  primary  spiral  tracheae,  consists  of  the  leaf- 
traces.  In  the  young  branch  a  parenchymatous  pericycle  adjoins  the  bast-groups 
of  the  leaf-traces,  and  this  is  followea  by  a  composite  and  continuous  ring  of 
sclerenchyma,  which  bounds  the  primary  cortex  on  the  inner  side.  The  paren- 
chymatous pericycle  is  the  seat  of  the  new  formations,  and  in  it  there  arises 
a  meristem,  which  before  giving  rise  to  a  secondary  ring  of  vascular  bundles, 
produces  parenchyma  on  its  inner  side,  part  of  this  tissue  becoming  lignified. 
Hence  each  secondary  ring  commences  with  a  zone  of  parenchymatous  tissue, 
the  amount  of  which  varies.  The  medullary  rays  between  the  vascular  bundles 
of  each  ring  are  broad  in  most  cases,  and  are  generally  lignified ;  some- 
times {Gallesia  Gorazema)  even  the  rays  traversing  the  zones  of  bast  are  ligni- 
fied, at  least  in  the  internal  rings  of  growth.  The  greater  part  of  the  napiform 
root  of  Anisomeria  drastica  consists  of  large  parenchymatous  cells  containing 
raphides,  as  I  found  on  examining  the  slices  of  the  root  which  accompany 
Lechler's  herbarium-material ;  the  centre  of  the  root  is  occupied  by  the  primary 
vascular  tissue,  but  this  is  split  up  by  secondary  dilatation ;  in  the  groimd- 
tissue  adjoining  this  central  mass  of  tissue  one  finds  several  concentric  circles 
of  isolated  vascular  bundles,  in  which  each  xylem-group  is  marked  by  an 
elongated  row  of  vessels  with  rather  narrow  lumina,  the  groups  of  bast  being 
clearly  developed  *.  It  may  also  be  noted  that  Phytolacca  dioica  has  medul- 
lary vascular  bundles,  the  structure  of  which  is  concentric  according  to  Nageli 
and  Douliot,  the  phloem  being  central.  It  remains  to  be  determined  by  future 
investigation  whether  the  other  genera  of  the  tribes  Rivineae  and  Euphyto- 
lacceae  will  not  also  prove  to  have  anomalous  structure  in  the  axis,  when  suffi- 
ciently old  material  is  examined.  From  Regnault's  description,  which  however 
is  not  quite  clear,  it  appears  that  Rivitia  humilis,  L.  possesses  the  same  anomaly 
as  is  found  in  Phytolacca.  Schulze  observed  the  commencement  of  anomalous 
growth  in  the  root  of  Petiveria.  In  Ledenbergia  rosea-aenea,  on  the  other 
hand,  anomalous  growth  in  thickness  seems  to  me  to  be  out  of  the  question, 
since  I  found  branches  almost  2  cm.  in  diameter  exhibiting  normal  structure. 
The  structure  of  the  wood  has  been  examined  by  me  in  species  of  Rivina, 
Microtea,  Seguieria,  GaUesia,  Phytolacca,  ErciUa,  Anisomeria,  Codonocarpus 
and  Gyrostemon,  and  also  by  Schulze.  The  size  of  the  lumina  and  the  mode 
of  arrangement  of  the  vessels  vary  (maximum  diameter  =  '03— 15  mm.) ; 
the  size  of  the  borders  of  the  pits  in  the  vessek  is  also  variable  (diameter  reach- 
ing -009  mm.  in  Phytolacca).  Spiral  thickening  of  the  pitted  vessels  has  been 
oteerved  in  Anisomeria  drastica.  The  perforations  of  the  vessels  are  simple 
in  all  cases.  Where  the  vessel-wall  is  in  contact  with  parenchjona,  it  either 
bears  bordered  pits  only  {Seguieria,  Codonocarpus,  Gyrostemon),  or  bordered 
and  simple  pits  {Gallesia,  Phytolacca).  Broad  medullary  rays  are  found  (for 
example)  in  GaUesia  and  Phytolacca ;  in  Seguieria  and  Codonocarpus  the  rays 
are  from  one  to  three  cells  in  breadth  ;  in  Anisomeria  distinct  ray-parenchyma 

^  The  ftnommlons  stractnre  of  this  plant  is  incorrectly  interpreted  in  MoUer's  work  (loc.  cit.  1876). 

^ '  Further  inyestigatioa  is  reqcizcd  to  determine  whether  this  anomaly  also  occois  in  the  stem  of 

Anisomeria  drastica,  as  stated  by  Schnlze,  or  whether  woody  tissue,  some  of  which  is  unligniiied,  has 

not  been  mistaken  for  phloem ;  I  did  not  find  the  anomaly  in  herbarinm-material,  eren  in  thick 

brandies. 
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is  not  present.    The  wood-prosench3ana  is  characterized  by  having  simple 
pits  in  the  Rivineae  (excluding  Microtea)  and  Euphytola<xeae  so  far  as  investi* 

fated,  but  in  the  Gyrostemoneae,  MicroUa^  and  according  to  Schulze  also  in 
tegnosperma  it  is  provided  with   small  but  distinct  bordered  pits.     The 
wood-fibres  of  Rivina  humUis  are  septate  in  some  places. 

The.  foUowing  statements  regarding  the  structure  of  the  cortex  are  based 
on  mv  own  examination  of  Rivina  humilis,  Ledenbergia  rosea-aenea^  Seguieria 
longifolia,  GaUesia  Goraxema,  Phytolacca  dioica  and  Codonocarpus  australis^ 
and  on  Schulze's  description.  In  Rivina  humilis  and  Ledenbergia  rosea-aenea 
the  pericycle  contains  small  isolated  bundles  of  sclerenchymatous  fibres,  while 
in  the  rest  of  the  species  examined  by  me  there  is  a  composite  and  continuous 
ring  of  sclerenchvma ;  Schulze  states  that  bast-fibres  occur  in  the  pericycle 
in  ail  cases,  the  fibres  being  sometimes  accompanied  by  stone  cells.  Secondary 
hard  bast  has  not  been  observed.  In  Phytolacca  dioica  the  primary  cortex 
shows  a  strong  development  of  collenchyma  in  its  outer  portion,  whilst  in 
Codonocarpus  australis  it  contains  a  few  sclerosed  parenchymatous  cells ; 
in  Seguieria  longifolia  the  cortex  is  bounded  by  an  epidermis  composed  of 
cells  elongated  Uke  palisade-tissue.  The  formation  of  cork  takes  place  in  the 
subepidermal  cell-layer  (Ledenbergia,  Phytolacca  and  Codonocarpus,  accord- 
ing to  my  own  observation ;  Petiveria,  Seguieria,  Gidlesia,  Phytolacca  and 
Gyrostemon,  according  to  Schulze). 

Literature:  Nageli,  Beitr.  z.  wisB.  Bot.,  Heft  i,  1858,  pp.  36  and  118. — R^;iiault,  Cydosp., 
Ann.  8C.  nat.y  s^.  4,  t.  xiv,  i860,  pp.  139-44  and  pL  g. — Moller,  Holzanat,  Denksw.  Wiener  Akad. 
1876,  pp.  75  and  371 — De  Bary,  VeigL  Anat.,  i877.^Kxiiger,  Anom.  Holzbild.,  Disi.,  Leipzig, 
1884,  p.  31.— Blenk,  Dnichs.  P.,  Flora  1884,  p.  375  et  tea.  and  tep.  copy,  pp.  87-9.— Donliot, 
False.  mM.  da  Phytolacca  dioUa,  Ball.  Soc.  bot  de  Fruoe  1885,  pp.  39i>3.— Morot,  P^riqrde,  Ann. 
sc.  nat,  ser.  6,  t.  xx,  1885,  pp.  375>7.~H^rail,  Tige  dei  Dicotyl.,  Ann.  sc.  nat.,  s^.  7,  t.  ii,  1885, 
pp.  343-5. — Solereder,  Holzstr.,  1885,  pp.  317-19. — Radlkofer,  Dnrchs.  P.,  Sitz.-Ber.  Miindi. 
Akad.  1886,  pp.  336-7.— {Avetta,  Anomalie  di  stmttwa  nelle  radid  etc.,  Ann.  dell'  lit  bot.  di  Roma 
1887.]— Petit,  P^dole,  Mem.  Soc.  sc.  nat.  et  phys^  de  Boideanx,  s^.  3,  t.  iii,  1887,  p.  341.— Eiselen, 
Rhaph.,  Diss.,  Halle  a.  S.,  1888,  p.  16.— Heimerl,  in  Naturl.  Pflansen&m.,  iU.  Tdl,  Abt.  i  b,  1889, 
p.  3. — Ross,  Peridenna,  Malpignia,  toI.  iv,  1 890-1,  pp.  98-100. — Zimmermann,  Pflanzenzelle, 
3.  Heft,  1891,  p.  137.— Honlbert,  Bois  sec.  dans  les  Ap<&tales,  Thise,  Paris,  1893,  pp.  71-4. — 
H.  Scbenck,  Anat.  d.  Lianen,  1893,  pp.  53-5  and  353,  Tab.  ii.— Herbst,  Markstr.,  Bot  Centralbl. 
1894,  i,  p.  395  et  seq. — [Krach,  Ricerche  anat  ed  istolog.  snlla  Phytolacca  dioica,  Ann.  del  R.  1st. 
bot.  di  Roma  1894,  PP*  i>4'-54*  3  Tab.]— C.  Schalze,  Anat  Ban  d.  BLfa.  d.  Axe  in  der  Fam.  d.  Ph. 
etc.,  Diss.,  Erlangen,  56  pp.  and  i  Tab. — Krad^TCristalloidi  della  Phytolacca  abyssimica^  Atti  della 
reale  Accad.  dd  Lined,  vol.  ▼,  1896,  pp.  364-6Jand  Sferoidi  e  cristalloidi  di  alcnne  Fitolacdie, 
Annnar.  R.  1st  bot.  di  Roma,  vol.  vii,  1897, 11  pp.  and  Tab. 
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This  small  Order,  the  systematic  position  of  which  is  still  uncertain, 
includes  only  the  monotypic  genus  Batis  with  B,  marUima,  L. 

The  axis  of  this  plant  is  normal  in  structure.  In  transverse  section 
the  mass  of  wood  exhibits  broad  medullary  rays,  and  rounded  vessels 
with  thick  walls  and  of  no  great  diameter  (reaching  -03  nun.).  The  vessels 
have  simple  perforations.  In  contact  with  parenchyma  of  the  medullary 
rays,  the  vessel-wall  bears  bordered  pits.  The  wood-prosenchyma  has  thidk 
walls,  bearing  small,  but  distinctly  bordered  pits.  The  wood-parenchyma  is 
confined  to  the  neighbourhood  of  the  vessels.  Regarding  the  structure  of 
the  cortex  it  may  be  mentioned  that  isolated,  massive  groups  of  primary  bast- 
fibres  are  developed  in  the  pericycle.  In  the  secondary  bast  also  scattered 
sclerenchymatous  fibres  with  yellow  walls  are  found.  The  formation  of 
cork  takes  place  in  the  pericycle  on  the  inner  side  of  the  bundles  of  primary 
bast-fibres.  In  addition  to  the  cork  a  large  mass  of  phellodenn  with  abundant 
intercellular  spaces  is  formed  by  the  phellogen.    Oxalate  of  lime  is  present 
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in  the  pith,  primary  cortex  and  bast,  in  the  form  of  sohtary  crystals,  which 
in  some  cases  have  a  corroded  appearance. 

An  important  feature  in  the  structure  of  the  leaf  lies  in  the  fact  that  the 
stoma  is  enclosed  by  two  semilunar  subsidiary  cells  arranged  paraUel  to  the 
pore.  The  majority  of  the  stomata  are  orientated  so  that  their  pores  are 
transverse  with  regard  to  the  longitudinal  axis  of  the  narrow  leaf.  Trichomes 
are  not  present.  Oxalate  of  lime  appears  in  the  form  of  clustered  crystals, 
cr3^taI-conglomerates,  and  also  solitary  crystals. 

Lltentnre:  Solereder,  Holzstr.,  1885,  p.  a 30.— Wanning,  in  Vidensk.  Meddel.  natorh.  For.  i 
Kbhvn.,  1 890,  p.  asa.—Damxner,  Baits  maritima,  Ber.  deatach.  bot.  Gesellsch.  1893,  pp.  643-4  ^<1 
in  Natiirl.  Pflanzenfam.,  lii.  Teil,  Abt.  la,  1893,  p.  laa— Honlbert,  Bois  sec.  dans  les  Apetales, 
These,  Paris,  1893,  p.  75.-~Waiming,  Plalofyt  Stad.,  K.  Danske  Vid.  Selsk.  Skr.  1897,  p.  313. 
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1.  Review  of  the  Anatomical  Features.  The  following  features 
may  be  pointed  out  as  characteristic  of  the  Order :  the  absence  of  a  special 
type  of  stoma,  the  simple  perforations  of  the  vessels,  and  the  simple 
pits  borne  by  the  wood-prosenchjona.  The  pericycle  shows  different  tjrpes 
of  differentiation ;  the  formation  of  cork  is  superficial  or  internal.  Oxalate 
of  lime  forms  clustered,  or  ordinary  solitary  crystals.  The  following  types 
of  internal  secretory  organs  are  found :  cells  with  resinous  contents  (species 
of  Polygonum) ;  branched  secretory  cells  with  brown  contents  (cortex  of  the 
root  in  species  of  Calligonum) ;  and  elongated  tannin-sacs  (stem  in  species 
of  Polygonum  and  Fagopyrum).  The  hairy  covering  consists  chiefly  of  simple 
unicelluJar  trichomes  and  glandular  hairs,  in  which  the  head  is  small,  or 
peltate  and  of  larger  size,  being  either  unicellular  or  divided  by  vertical  walls. 
Anomalous  structure  of  the  axis  occurs  in  some  cases,  the  foUowing  types 
being  represented  :  development  of  secondary  vascular  bundles  in  the  peri- 
cycle {Antigonon) ;  occurrence  of  medullary  vascular  bundles  {Rumex^  RhAum), 
with  wood  and  bast  inversely  orientated,  or  with  concentric  structure  (the 
phloem  being  central) ;  presence  of  intra-xylary  phloem  (Emex) ;  development 
of  bundles  of  soft  bast  in  the  interfascicular  tissue  of  the  phloem  (Polygonumy 
Fagopyrum) ;  or  occurrence  of  cortical  vascular  bundles  (Calligonum).  The 
following  special  anatomical  features  can  be  employed  in  detailed  diagnosis  : 
mucilaginous  epidermal  cells  in  the  leaf ;  subepidermal  strands  of  sclerenchy- 
matous  fibres  and  aqueous  tissue  in  the  same  position  in  the  leaf  and  stem ; 
hypodermintheleaf;  strandsof  collenchjona;  the  development  of  a  character- 
istic sheath  in  the  stem,  and  so  on. 

2.  Structure  of  the  Leaf.  Since  only  scanty  information  has  hitherto 
been  obtained  regarding  the  structure  of  the  leaf  in  the  Polygonaceae,  it  was 
necessary  for  me  to  make  a  rough  survey  by  investigating  a  few  representatives 
of  the  five  tribes  (Eriogonum  angulosum^  Benth.,  Nemacaulis  NuUaUii,  Benth., 
Polygonum  Bisiorta,  L.,  Rumex  scutatus,  L.,  Coccoloba  ovata^  Benth.,  C.  longe- 
pendula^  Mart.,  Triplaris  Pachau,  Mart.).  On  the  basis  of  these  and 
other  investigations  the  following  facts  may  be  pointed  out.  In  Coccoloba 
ovata.  Polygonum  Bistorta^  the  land-form  of  P,  amphibium,  L.,  in  P, 
equisetiforme,  Sibth.  et  Sm.  and  P.  aviculare,  the  epidermis  of  the  leaf 
contains  cells  in  which  the  inner  membranes  are  mucilaginous.  According 
to  Johow  hypoderm  occurs  in  some  species  of  Coccoloba,  such  as  C.  uvifera. 
The  stomata  are  always  surrounded  by  several  epidermal  cells,  which 
are  not  differentiated  by  their  shape  except  in  Coccoloba  and  Triplaris. 
They  either  occur  on  both  sides  of  the  leaf  (Eriogonum  angtdosum, 
Nemacaulis  NuUaUii,  Rumex  scutatus),  there  being  very  few  on  the  upper 
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surface  in  some  of  these  cases  {Polygonum  Bistorta^  Coccokba  ovata),  or  they 
are  confined  to  the  lower  side  {Tripiaris  Pachau) ;  in  the  floating  leaves  of 
the  water-form  of  Polygonum  amphibium  they  are  of  course  only  found  on 
the  upper  side.  The  leaf-structure  may  be  centric  or  bifaciaL  The  leaves  of  Po/y- 
gonum  equiseHformCy  a  desert-plant,  exhibit  a  sheath  of  palisade-tissue  beneath 
the  epidermis,  and  colourless  aqueous  tissue  in  the  interior  ( Volkens).  Accord- 
ing to  Dammer  the  vascular  bundles  of  the  veins  (especially  those  of  the  median 
vein)  are  accompanied  in  Coccoloba  by  a  varying  amount  of  sclerenchyma ; 
in  species  of  Polygonum  and  Rheum  the  sclerenchyma  is  replaced  by  collen- 
chyma.  The  occurrence  of  subepidermal  strands  of  sderenchymatous  fibres  in 
the  leaf  of  Polygonum  e^uisetiforme  deserves  special  notice ;  they  are  separated 
from  the  assinmatory  tissue  by  a  layer  of  aqueous  cells,  which  evidently  serves 
to  connect  the  palisade  parenchyma  (beneath  these  strands)  with  the  water- 
storing  epidermis.  It  may  be  added  that  similar  sclerenchymatous  strands 
are  also  found  in  the  stem  of  Polygonum  aviculare^  L.  (Grevillius)  and  CaUi- 
gonum  comosum^  L'H6rit.  (Volkens). 

The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The  cloth- 
ing hairs  are  generally  long  simple  unicellular  trichomes  {Eriogonum^  Nema- 
caulis).  In  Polygonum  amphibium  there  are  also  conical  shaggy  hairs  on  the 
leaves  of  the  land-form  ;  the  cells  of  these  hairs  exhibit  a  multiseriate  arrange- 
ment, and  their  tips  project  as  papillae.  In  the  glandular  hairs  the  head  is 
always  unicellular,  or  divided  by  one  or  more  vertical  walls.  In  Eriogonum 
angulosum  the  glandular  hairs  are  composed  of  a  cylindrical  or  conical  ba^  cell, 
a  neck-cell,  and  a  unicellular  or  bicellular  head ;  in  Polygonum  Bistorta  and 
Rumex  scutalus  there  are  sessile  glands,  the  heads  of  which  consist  of  from 
two  to  four  cells,  though  sometimes  unicellular  in  Rumex  scutalus.  Larger  peltate 
glands  are  present  in  Coccoloba  and  Tripiaris.  They  consist  of  a  short  stsdk, 
composed  of  two  cells  l}dng  side  by  side,  and  a  shield  with  an  entire  margin  ; 
in  Coccoloba  ovaia  and  C.  hngependula  the  shield  is  mainly  divided  by  radial 
vertical  walls,  only  a  certain  number  of  which  reach  the  centre,  whilst  in  Tri- 
piaris Pachau  the  shield  is  subdivided  by  division-walls,  running  in  various 
directions,  into  a  number  of  cells,  which  are  four-sided  or  polygonal  in  surface- 
view.  External  glands,  similar  to  those  of  Polygonum  and  Rumex  described 
above,  give  rise  to  a  mucilaginous  gummy  excretion  on  the  buds  in  Polygonum^ 
Rheum  and  Rumex ;  but  here  the  glandular  structure  of  the  wall  of  the  trichome 
is  continued  from  the  point  of  insertion  of  the  latter  into  the  smooth  epidermis ; 
there  are  also  multiseriate,  elongated  glandular  shaggy  hairs  of  more  com- 
pUcated  structure,  and  having  the  form  of  a  lamella  or  band. 

The  nectaries  found  on  the  leaf-cushions  of  Polygonum  cuspidalum,  Willd., 
and  of  certain  species  of  Muehlenbeckia,  form  depressions,  in  which  shortly 
stalked  peltate  hairs  are  densely  crowded  together  (Delpino  and  Morini) ; 
in  these  hairs  the  shield  consists  of  prismatic  cells,  which  are  sometimes  trans- 
versely divided. 

llie  internal  secretory  receptacles  include,  in  the  first  place,  cells  (or 
cavities  ?),  filled  with  yeUowish  contents,  which  are  soluble  in  alcohol.  Such 
secretory  cells  were  found  by  Bokomy  beneath  the  epidermis  of  the  leaf  in  Poly* 
gonum  acre,  H.  B.  K.,  and  occur  also  in  P.  puncUUum^  Ell. ;  they  give  rise  to  trans- 
parent dots  in  the  leaf.  Other  forms  are  the  branched  secretory  cells  observed  by 
Rindowsky  in  the  cortex  of  the  root  in  species  of  Calligonum^  and  the  long 
tannin-sacs  with  brown,  gelatinous  contents,  found  by  E.  Schmidt  in  the  stem 
of  certain  species  *  of  Polygonum ;   the  former  have  thin  waUs  and  are  filled 

'  Vir.  P,  atnphibium^  P.  Hydropiper,  P,  lapathifolium,  P.  ort€Htaie^  P.  Persicaria,  P.  titutcrium, 
P.  virginmnum ;  Fagopyrum  cymosum^  Meissn.,  P,  emargi$uitum,  Mch.,  F.  escuUtituniy  Mch., 
F.  tataricum,  Gaertn. 
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with  a  brown,  tanniniferous  gum-resin.  The  tannin-sacs  resemble  the  well- 
known  sacs  of  Sambucus  nigra.  They  arise  by  the  elongation  of  single  cells, 
and  attain  a  length  of  12  cm.  or  more,  so  that  they  traverse  entire  intemodes  ; 
in  transverse  section  there  is  little  to  distinguish  them  from  the  neighbour- 
ing cells.  They  occur  in  the  pith  and  bast,  and  sometimes  also  in  the 
primary  cortex  and  are  not  found  in  the  subterranean  shoots^  or  only 
in  small  numbers ;  they  are  not  present  in  the  roots.  The  brown 
contents,  seen  in  the  tannin-sacs  in  older  stages,  sometimes  also  appear  in 
ordinary  parenchymatous  cells,  which  contain  abundant  tannin  from  the  first. 
Here  we  may  also  mention  the  bright  yellow  or  red  contents  in  the  cells  of 
the  medullary  rays  of  the  rhizome  of  rhubarb  ;  they  include  the  active  chry- 
sophanic  add. 

Oxalate  of  lime  is  for  the  most  part  developed  in  the  form  of  clustered 
crystals,  but  ordinary  solitary  crystals  have  also  been  observed  *. 

The  structure  of  the  petiole,  which  has  been  investigated  by  C.  de  Candolle,  Plitt 
and  Petit,  is  uniform  only  in  so  far  as  the  vascular  bundles  have  an  isolated  course. 
In  Muehlenbeckia  complexa  and  Af .  varians  the  characteristic  region  exhibits  two 
vascular  bundles  with  their  xYlem-groups  pointing  towards  one  another.  In  Ruimex 
AcetoseUa  this  part  of  the  petiole  contams  an  arc  of  isolated  bundles,  which  is  con- 
tinued into  the  petiolar  wings.  In  species  of  Polygonum^  owing  to  the  presence  of  one 
or  more  larger  vascular  bundles  in  a  median  position,  the  arc  is  converted  into  a  closed 
ring  ;  this  is  also  the  case  in  Antigonon  leptopus.  In  the  petioles  of  certain  species 
of  Kumex  and  Rheum  there  are  numerous  medullary  vascular  strands  within  a  more 
or  less  distinct  ring  of  isolated  bundles  ;  where  the  former  become  very  numerous 
(Rheum)t  the  vascular  bundles  of  the  petiole  appear  quite  irregularly  scattered  in 
a  transverse  section. 

The  structure  of  the  ochreate  stipules  has  been  examined  by  Grevillius  and 
O.  Schultz  in  spnecies  of  Rumex^  RkeutHf  Polygonum  and  Fagopyrum.  The  ochreae 
exhibit  mechanical  strengthening  in  a  certain  number  ox  the  species  only ;  it 
may  take  the  form  of  a  thickened  epidermis,  the  development  of  collenchyma  on  the 
inner  (P.  aviculare  and  P.  Rafi)  or  outer  side  (P.  aivaricatum)  of  tne  ochreae 
coUenchymatous  differentiation  of  the  whole  of  the  sround-tissue  (P.  Hydropiper^ 
Rheum)f  the  occurrence  of  rings  or  crescents  of  sclerenchyma  accompanying  the  fibro- 
vascular  system,  or  the  differentiation  of  subepidermal  strands  of  sclerenchymatous 
fibres  (P.  ampUxicaulef  P.  Bistortat  &c.).  A  number  of  these  anatomical  features 
may  occur  side  by  side  in  the  same  species.  Palisade-tissue  has  not  been  observed 
in  ue  ochreae.    Stomata  occur,  but  are  rare. 

3.  Structure  of  the  Axis.  The  foUowing  statements  regarding  the 
structure  of  the  wood  are  based  on  the  investigation  of  woody  species  of  the 
genera  Eriogonum^  Chorizanihe^  Cattigonum^  MuehlenbeckiOy  CocadobOy  Tri- 
plaris  and  RuprecfUia.  The  arrangement  of  the  vessels  and  the  size  of  their 
lumina  vary  (maximum  diameter  =  -024—07  mm.).  The  perforations  are 
simple ;  the  wall  of  the  vessel  bears  bordered  pits,  where  it  is  in  contact  with 
parenchyma  of  the  medullary  ra^.  Spiral  thickening  of  the  vessel-wall 
occurs  in  Eriogonum  fasciculatum,  Benth.,  Chorizanthe  paniculata^  Benth.  and 
Tripiaris  Pachau^  Mart.  The  meduUary  raj^  are  generally  from  one  to  three 
cells  in  breadth ',  and  according  to  Houlbert  they  are  specially  numerous ; 
in  Chorizanihe  paniculata  distinct  medullary  ray-tissue  is  not  present.  The 
wood-prosench3m[ia  may  be  described  as  having  simple  pits ;  it  is  septate 
by  means  of  thin  transverse  walls  in  species  of  Muehlenbeckia^  Coccoloba, 
Tripiaris  and  RuprecMia.  Chambered  parenchyma  containing  crystals  is 
found  in  Coccoloba. 

The  structure  of  the  cortex  has  hitherto  been  little  investigated.    In 


^  Walliczek's  ttatement  (Prmgsheim  Jahrb.,  Bd.  xxvy  1893,  p.  313)  that  mphides  occur  in  the 
tiisne  of  the  petiole  of  Rheum  is  incorrect    The  petiole  only  contain!  iiii]ge  doatered  crystals. 
'  The  herbaceous  species  are  divergent  in  this  respect  (see  Herbst,  loc  dt.). 
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many  cases,  and  especially  in  the  herbaceous  species,  the  primary  cortex  con- 
tains strongly  developed,  subepidermal  strands  of  collenchyma,  which  project 
in  the  form  of  ribs.  The  collenchyma  is  occasionally  replaced  by  subepidermal 
strands  of  sclerenchymatous  fibres,  which  have  been  mentioned  above  in 
the  section  dealing  with  the  structure  of  the  leaf ;  in  other  cases  (Antigotum 
leptopus^  Hook,  et  Am.,  certain  species  of  Rutnex,  such  as  R.  Acetosa,  &c.) 
small  vascular  strands  lie  in  the  comers  of  the  stem,  and  together  with  the  larger 
bundles  corresponding  to  the  furrows  constitute  the  normal  vascular  ring. 
An  endodermis  is  sometimes  developed  in  the  herbaceous  si)ecies.  The  peri- 
cycle  frequently  exhibits  sclerenchymatous  differentiation,  either  in  the  form 
of  a  contmuous  ring  (AnHgonan  Upiopus,  Polygonum  pro  parte),  or  of  isolated 
buijdles  of  hard  bast  (Polygonum^  pro  parte).  The  development  of  cork  takes 
place  subepidermally  (Polygonum)^  or  in  the  pericycle  (Atraphaxis  spinosa, 
L.,  according  to  Avetta). 

Anomalous  structtire  of  the  axis  is  found  in  some  members  of  the  Order. 
Under  this  heading  we  may  first  mention  the  somewhat  irregular  formation 
of  the  xylem-mass  brought  about  diuing  growth  in  thickness  in  Atraphaxis 
spinosa,  L.  (xylem-mass  irregularly  lobed  in  the  stem  and  root),  according 
to  Avetta,  and  in  Coccoloba  striata,  Benth.  and  C.  ochreolata,  Wedd.  (flattened 
or  angular  stems),  according  to  H.  Schenck.    A  trae  anomaly  is  described 

by  Avetta  in  the  stem  and  root  of 
Antigonon  leptopus.  Hook,  et  Am.  In 
transverse  section  the  five-angled  stem 
of  this  species  shows  a  5-rayed  pith ; 
the  latter  is  surrounded  by  a  vascular 
ring  composed  of  five  larger  and  five 
smaller  bundles  alternating  with  one 
another,  the  smaller  strands  lying  in 
the  comers ;  outside  the  bundles  there 

PlO.  161.   Portion  of  a  tramverae  section  of  the  stem    •      ^    «^^/>«»r»i;r»    ^T%tr    r^4    or«lA«-An/«Vk«7mo 

ofRumMcris^ms^L.-AfttTHirMii.  ^s  a  pcncydic  ruig  ot  sclerenchyma. 

In  the  parenchymatous  portion  of  the 
pericycle  a  secondary  meristem  produces  five  secondary  vascular  bimdles,  which 
round  off  the  outline  of  the  stem.  Another  anomaly,  first  discovered  by  Sanio 
in  Rumex  crispus,  consists  in  the  presence  of  medullary  vascular  bundles  in 
certain  species  of  Rumex  and  Rheum  K  These  bundles  are  generally  collateral, 
and  show  inverse  orientation  of  wood  and  bast,  but  in  a  few  species  (Rumex 
cordifolius,  Horn.,  R,  domesticus,  Hartm.,  and  R.  orientalis,  Bemh.,  according  to 
Russow,  Bergendal  and  Mobius)  they  are  concentric  with  central  phloem. 

The  structure  in  question  has  been  examined  most  carefully  in  Rumex  crispus 
(Fig.  161)  by  H6rail.  The  appearance  of  a  transverse  section  through  the  mature 
stem  of  this  plant  is  very  striking.  A  common  sclerenchymatous  sheath  surrounds 
each  outer  (normal)  vascular  bundle,  together  with  the  inversely  orientated  strand 
situated  on  its  inner  side.  At  first  the  peripheral  bundles  alone  are  present,  each  of 
them  being  surrounded  by  a  sclerenchymatous  sheath  at  an  early  stage ;  subse- 
quently groups  of  soft  bast  arise  at  the  margin  of  the  pith,  and  these  soon  become 
enveloped  by  sclerenchyma ;  at  a  still  later  stage  cambium  appears  at  the  outer  limit 
of  each  group  of  soft  bast,  and  gives  rise  to  the  xylem  of  the  medullary  vascular 
bundle  externally,  whilst  it  adds  to  the  soft  bast  internally  ;  finally  a  small  island  of 
sclerenchymatous  fibres  makes  its  appearance  in  the  middle  of  the  phloem.  The 
stem  of  Kumex  cordifolius  has  a  still  more  complicated  structure  (Mdbius).  In  this 
species,  in  addition  to  other  peculiarities  (such  as  concentric  vascular  strands,  &c.), 
we  find  not  only  double  vascular  bundles,  as  in  R,  crispus,  but  even  triple  bundles. 


'  These  are :  Runux  confirtus,  Willd.,  R,  cordifolius,  Horn.,  R.  crispHS^  L.,  R,  donusHcus^ 
Hartm.,  R,  HydrolaptUhum,  Hnds.,  R,  longifoHus,  R,  tnaximus,  R,  orientalist  R*  Patientia,  R. 
unduUtlus  and  RAewn  Rihes  (Petersen,  H^niil,  Mobius). 
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owing  to  the  appearance  of  a  third  bundle  with  inwardly  directed  xylem  on  the 
inner  side  of  the  inversely  orientated  medullary  vascular  strand. 

Having  described  the  occurrence  of  medullary  vascular  bundles,  we  may 
next  consider  the  presence  of  intraxylary  soft  bast  in  Emex ;  the  peculiar 
streaky  structure  of  Radix  Rhei ;  the  appearance  of  bundles  of  soft  bast, 
arising  independently  in  the  interfascicular  tissue  of  the  phloem,  in  numerous 
species  of  Polygonum  and  Fagopyrum ;  and  the  occurrence  of  cortical  vascular 
bundles  in  Ccdligonum  comosum,  L'H6rit« 

Intraxylary  soft  bast  has  been  demonstrated  by  Petersen  in  Emex  spinosa  and 
Centropodium ;  it  only  occurs  opposite  a  certain  number  of  the  vascular  bundles  ; 
according  to  Mobius,  it  appears  also  to  be  present  in  species  of  Rheum  and  Polygonum. 
The  streaky  structure  of  Radix  Rhei  has  been  examined  in  detail  by  Schmitz  and 
Dutailly.  In  the  tuberous  branches  of  the  rhizome  of  the  officinal  rhubarb-plant 
(Rheum  officinale^  BailL)  the  collateral  leaf -trace  strands  form  a  normal  vascular  ring 
enclosing  a  pith,  which  is  continually  undergoing  increase  in  size.  In  a  young  branch 
olthe  rmzome  the  pith  is  traversed  by  a  complete  network  of  anastomosing  strands 


Pia  163.    Transverae  section  through  the  axis  of  Calligomum  comosum^  L'Htfrit.— OrifinaL 

of  soft  bast,  which  are  arranged  in  transverse  zones,  following,  closely  upon 
one  another  and  corresponding  to  the  nodes;  these  strands  unite  the  leaf- 
traces,  and  are  also  connected  with  one  another  by  bundles,  which  traverse  the 
intemodes  either  in  a  vertical  or  oblique  direction,  and  mostly  run  in  the  neip^hboor- 
hood  of  the  xylem-ring.  Around  eacn  of  these  strands  of  soft  bast  a  cambial  ring, 
developed  at  an  early  stage,  produces  rays  of  soft  bast  on  its  inner,  and  rays  of  woc^ 
with  abundant  parenchyma  on  its  outer  side,  whilst  between  the  rays  of  wood  and 
bast  it  gives  rise  to  meauUary  ray-tissue,  which  becomes  filled  with  red  colouring- 
matter.  Thus  the  radiate  rings,  or  streaks,  are  medullary  vascular  bundles  with 
peripheral  xylem.  Besides  occurring  in  Rheum  officinale,  they  are  found  in  R,  Emodi, 
/?.  Rhaponticum  and  R.  palmaium,  but  they  are  not  present  m  R.  rugostmt  and  other 
species.  The  groups  of  soft  bast  found  in  species  of  Polygonum  and  Fagopyrum  have 
been  examined  in  detail  by  £.  Schmidt ;  they  arise  between  the  phloem-groups  of 
the  stem,  and  become  connected  with  the  vascular  bundles  at  the  nodes  ;  with  regard 
to  their  relation  to  growth  in  thickness  see  Schmidt,  loc.  cit.  The  cortical  vascular 
bundles  of  CalHgonum  comosum,  L'H6rit.  (a  desert-plant  with  advanced  reduction 
of  the  foliar  organs),  and  of  other  species,  are  associated  with  a  series  of  other  note- 

X  X 
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worthy  structural  features,  such  as  the  differentiation  of  palisade-tissQe  in  the 
primary  cortex,  the  development  of  a  characteristic  sheath  of  collecting  ceUa  below 
the  palisade  layer  (similar  to  that  in  the  Salsoleae),  the  development  of  aqueous  tissue 
in  the  cortex,  and  so  on  (for  details  see  Fig.  162). 

From  the  xerophilous  structure  of  CaUigonum  we  may  pstss  to  the  anatomy  of 
the  phylloclades  of  Polygonum  plafycladum,  F.  v.  Mull.  According  to  Pick,  the  cortex 
contains  two  or  three  layers  of  palisade-tissue,  limited  internally  by  a  zone  of  scleren- 
ch3rmatou8  fibres*  The  sderenchymatous  tissue  bears  prominences  reaching  as  far  as 
the  epidermis,  and  thus  has  the  form  of  a  wreath,  in  which  the  elongated  arcs  are 
concave  towards  the  exterior  and  enclose  the  assimilatory  tissue,  whilst  the  vascular 
bundles  lie  in  the  small  internal  concavities  of  the  wreatL 
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PODOSTEMACEAE. 

In  external  appearance  the  Podostemaceae  remind  one  of  Lichens,  thalloid 
Liverworts,  Jungermanniaceae  and  Algae  rather  than  of  Phanerogams.  In 
accordance  with  the  object  of  this  book,  their  anatomical  features  will 
be  quite  shortly  considered.  In  some  cases,  we  find  resemblances  to  Algae 
in  Ae  internal  structure  as  well  as  in  the  external  characters.  The 
shoots  are  composed  of  fairly  uniform  tissue,  which  is  very  frequently 
coUenchymatous,  especially  in  the  neighbourhood  of  the  vascular  bundles. 
Stomata  are  entirely  absent.  The  epidermal  ceUs  sometimes  contain  chloro- 
phyll* The  vascular  bundles  are  never  strongly  developed ;  the  xylem  con- 
tains a  few  annular  and  spiral  tracheids,  but  sometimes  even  these  are  absent 
(root  of  Mniopsis  WeddMiana^  Tul.),  or  they  become  abortive  at  an  early  stage 
and  replaced  by  an  intercellular  space  (stem  of  Tristicha  hypnoides,  Spreng.). 
In  the  phloem  the  sieve-tubes  are  not  always  distinct,  but  in  many  species 
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they  are  readily  seen  and  together  with  their  companion  cells  form  charac- 
teristic groups  of  cells.  An  endodermis  is  not  developed.  In  transverse  section 
the  stem  shows  more  or  less  distinct  dorsiventrality,  depending  on  the  position 
of  the  vascular  bimdles  and  the  differentiation  of  the  ground-tissue.  As  a  rule 
there  are  only  a  few  isolated  vascular  bundles  in  the  stem  ;  they  are  placed  side 
by  side,  so  that  there  is  no  vascular  ring.  In  Hydrostachysimbricatay  Juss.,  on 
the  other  hand,  a  ring  of  isolated  vascular  bundles  occurs  in  the  axis  of  the 
inflorescence,  while  additional  medullary  and  cortical  strands  are  also  present. 
In  the  structure  of  the  root  the  dorsiventrality  is  still  more  distinctly  marked 
than  in  the  axis.  The  vascular  system  is  nearer  to  the  ventral  than  to  the 
dorsal  side  of  the  root,  and  consists  of  two  vascular  bundles,  which  are  placed 
side  by  side,  and  fused  together ;  the  two  xylem-groups 
are  situated  ventraUy,  but  may  be  absent. 

Trichomes  have  only  been  met  with  on  the  leaf  in 
a  few  members  of  the  Ch-der  ;  they  occur  in  the  form 
of  short,  tubular  protrusions  of  the  epidermal  cells,  and 
have  a  secretory  function.  Clustered  crystals  of  oxalate 
of  lime  have  also  only  been  observed  in  a  few  cases 
(Hydrostachys  and  Lawia).  Intercellular  spaces,  re- 
sembling resin-canals  (without  any  secretion  visible  in 
alcohol  material),  occur  in  the  root  of  WeddeUina 
squamulosoj  Tul.  On  the  other  hand  peculiar  siUceous 
concretions  are  very  widely  distributed;  they  were 
already  observed  by  Tulasne,  but  were  only  correctly 
interpreted  for  the  first  time  (almost  simultaneously) 
by  Carlo  and  Warming. 

The  silica-bodies  are  found  in  many  species,  and  often 
occur  in  great  abundance  ;  they  are  pnnapally  to  be  met 
with  in  the  peripheral  parts  of  the  root,  stem  and  leaf, 
and  especially  in  the  epidermis  (even  in  the  trichomes). 
When  the  siuca-bodies  are  abundant,  the  organs  above 
referred  to  possess,  as  it  were,  a  coat  of  armour, 
which  is  rep;axded  as  a  protective  arrangement  against 
mechanical  injuries,  the  attacks  of  animals,  and  desiccation. 
Thus,  according  to  Warming,  the  silica-bodies  are  so 
abundant  in  Podostemon  Galvonis  that  the  plant  has  the 
same  appearance  in  the  dry  state  as  when  iresh ;  on  the 
other  hand,  plants  of  P.  subtUattiSf  a  species  which  is  almost 

devoid  of  sihca,  become  greatly  shrunk  in  dryinp^.  In  those  pi^  ,53.  sifica-bodies  of 
plants,  however,  which  have  a  complete  subepidermal  sili-  Truiieha  hy^twUUs,  Spreng.— 
ceous  armour,  the  latter  does  not  form  an  absolutely  closed  ^^^^  ^-^®- 
sheath,  but  exhibits  various  '  passage-ways.'  The  appear- 
ance of  the  silica-bodies  varies  in  the  same  species.  In  most  cases  they  fill  the  entire 
lumen  of  the  cell.  Sometimes  they  are  absolutely  homogeneous  and  vitreous,  but 
frequently  it  is  only  the  outer  part  of  the  silica-body  that  has  this  homogeneous 
structure,  the  interior  appearing  dull  owing  to  the  presence  of  a  quantity  of  small 
gas-vacuoles.  The  shape  of  the  silica-bodies  is  also  very  varied,  even. in  the  same 
species,  as  is  shown  sufficiently  clearly  by  some  of  Cario's  figures  reproduced  here 
(Fig.  163).  The  surface  of  the  silica-bodies  is  either  smoo^  or  shows  spiral  or 
annular  ridges,  or  is  corroded  in  a  very  peculiar  maimer  so  as  to  exhibit  a  varying 
number  of  depressions  or  excavations.  Warming  and  Kohl  regard  the  silica-bodies 
in  Question  as  structures  formed  in  the  cell-cavity,  and  hence  homologous  with  the 
well-known  stegmata  of  Palms  and  other  Monocotyledons ;  the  same  ob^rvers  attri- 
bute their  varied  shape  to  the  influence  of  other  contents,  component  parts  of  the 
ceU,  such  as  the  nucleus,  chlorophyU-bodies  and  starch-grains.  According  to  Stras- 
burger's  investigations  on  Mnic^sts  WeddeUiana^vre  are  not  in  this  case  dealing  with 
a  deposition  of  siUca  in  the  living  protoplasm,  but  rather  with  a  progressive  trans- 
formation of  the  superficial  portion  of  the  protoplasm  from  without  inwards. 
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NEPENTHACEAE. 

This  Order  comprises  the  single  genus  Nepenthes,  widely  known  on  account 
of  its  peculiar  asddifonn  leaves  or  pitchers,  which  are  adapted  for  the  capture 
of  animals  and  actuaUy  digest  animal  substances.  The  genus  has  been  re- 
peatedly investigated  owing  to  its  interesting  foliar  organs,  and  its  anatomy 
IS  consequently  well  known. 

The  leaf  of  Nepenthes  consists  of  three  parts ;  there  is  a  lamina,  which 
is  produced  into  a  cylindrical  portion  usually  serving  as  a  tendril,  and  ter- 
minates in  a  pitcher,  provided  with  a  lid. 

The  lamina  has  the  type  of  structure  usual  for  a  leaf,  as  my  own  observa- 
tions showed.  The  mesoph^  is  in  some  cases  {N.  gracilis,  Korth.  and  N. 
Boschiana,  Korth.)  distinctly  bifacial,  being  diffoentiated  into  palisade  and 
spongy  tissue,  of  which  the  former  consists  of  a  few  layers  of  short,  broad 
ceDs ;  in  other  species,  such  as  N.  ampuUaria,  Jack  and  N.  albomarginmta, 
Lobb.,  the  palisade-tissue  is  scarcely  distinguishable.  The  lateral  margins 
of  the  epidermal  cells  are  straight  in  most  of  the  species  investigated ;  in 
N.  atfipullaria  only  they  are  curved  on  the  lower  side  of  the  lamina.  In  the 
epidermis  of  the  lamina  stomata  occur  on  the  lower  side  only ;  they  are  also 

Kisent  on  both  surfaces  of  the  lid,  and  on  the  outer  side  of  the  pitcher  itself, 
e  stomata  are  surrounded  by  several  epidermal  cells ;  those  of  the  lamina 
are  arranged  approximately  parallel  to  one  another,  and  with  thdr  pores 
parallel  to  the  midrib.  The  int^umental  tissue  of  the  lamina  is  supidemented 
by  a  water-storing  hypoderm.  The  latter  is  developed  more  especially  beneath 
the  upper  epidermis,  where  it  usually  forms  a  continuous  layer  of  ceUs  with 
large  lumina,  considerably  exceeding  the  epidermal  cells  in  diameter  (N. 
gracilis,  N.  ampuUaria  and  N.  albamarginata) ;  in  N.  gracilis  the  cells  are 
elongated  transversely  to  the  median  vein  in  suriace-view,  while  in  other  cases 
they  are  approximately  isodiametric.  In  N.  BoscUana  there  is  a  layer  of 
small  cells  l3dng  immediately  beneath  the  epiderxnis,  and  followed  by  the  large- 
ceUed  hypoderm.  On  the  lower  side  of  the  lamina  the  lowest  layer  or  layers 
of  cells  of  the  mesophyll  also  assume  the  character  of  a  hypoderm.  The 
vascular  bundles  of  the  veins  are  provided  with  mechanical  tissue.  The 
course  of  the  veins  is  peculiar.  There  are,  firstly,  two  or  more  lateral 
veins,  running  parallel  to  the  principal  vein,  while  additional  systems 
of  ddicate,  much  branched,  and  anastomosing  veins  arise  at  short  intervals 
from  the  midrib  and  run  near  the  upper  side  of  the  leaf.  The  meso- 
ph^  of  the  lamina,  and  also  the  ground-tissue  of  the  lid,  pitcher  and  axis, 
are  specially  distinguished  by  the  jpresence  of  spiral  cells  (Fig.  164,  A-B), 
serving  for  the  storage  of  water,  ihese  cells  are  mostly  tubular,  closed  on 
all  siobs,  and  devoid  of  contents;  they  are  -og-s^ss  mm.  in  length  and 
•045—13  mm.  in  breadth ;  their  walls  are  stiffened  by  a  spiral  band,  composed 
of  three  or  more  partial  bands.  Both  the  wall  and  the  spiral  band  consist  of 
eellulose. 

Usually  the  inner  wall  of  the  pitcher  may  be  divided  into  two  sharply 
separated  zones,  the  slippery  and  the  glandular  zone,  which  one  can  distinguish 
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on  eicaxnining  the  internal  surface  with  the  naked  eye ;  sometimes  they  are 
even  recognizable  from  the  outside.  The  slippery  zone  occupies  the  upper^ 
the  glandular  zone  the  lower  portion  of  the  pitcher.  The  relative  areas  occu- 
pied by  these  two  zones  on  the  inner  wall  of  the  pitcher  vary.  In  some 
cases  the  line  of  demarcation  between  them  is  only  a  few  miUimetres 
beneath  the  mouth  of  the  pitcher  (N,  villosa.  Hook,  f.,  iV.  Edwardsiana^  Low, 
according  to  Wunschmann),  but  more  commonly  it  Ues  in  the  middle  of  the 

Sitcher.  The  slippery  zone  is  rarely  completely  absent  {N.  bicalcaraia^  Hook., 
f.  madagascariensisy  Poir.,  N.  Rajah,  Hook,  f .,  and  in  some  cases  in  N.  «»»£«^- 
laria.  Jack  and  N.  Rafflesiana,  Jack,  according  to  Wunschmann).  This 
zone  is  specially  distinguished  by  the  absence  of  glands.  Its  siniace  is 
not  wetted  by  water,  as  it  is  covered  with  a  granular  layer  of  wax,  which 
sometimes  has  a  blueish  or  reddish  colour.  In  the  epidermis  of  this  layer, 
besides  cells  of  the  ordinary  t}^  there  are  others  which  ^e  semilunar  and 
resemble  guard-cells ;  they  project  somewhat  like  papillae,  and  have  their 
concave  sides  directed  towards  the  base  of  the  pitcher  (Fig.  164,  C*).  The 
glandular  zone  bears  numerous  glands  of  characteristic  structure  (digestive- 
glands).  These  (Fig.  164,  D-F)  are  wart-like  bodies  and  may  be  seen  even  with 
a  lens  to  lie  in  pockets,  which  are  open  towards  the  base  of  the  pitcher  ;  the 
pockets  are  produced  by  elongation  of  the  row  of  epidermal  cells  bordering  on 
the  upper  margin  of  the  gland  so  as  to  form  a  roof .  with  a  sharp  edge, 
covering  about  one  half,  or  sometimes  the  whole  of  the  gland,  or  in  other 
cases  only  a  smaU  portion  of  it.  The  glands  themselves  are  placentiform 
masses,  consisting  of  either  two  or  three  horizontal  layers  of  cells,  of  which  the 
uppermost  is  differentiated  like  palisade- tissue,  and  appears  as  a  &iely  polygonal 
network  in  surface- view ;  the  gland  is  separated  from  the  internal  tissue  of 
the  wall  of  the  pitcher  by  one  or  more  layers  of  cells,  which  when  multi- 
seriate  are  arranged  Uke  cork-cells,  and  have  some  of  their  walls  suberized 
(Fig.  164,  F).  Another  important  fact  is  that  tracheal  strands,  springing 
from  branches  of  the  veins,  invariably  terminate  beneath  the  glands. 

Glands  of  a  similar  structure  to  those  described  above,  though  sometimes 
very  different  in  appearance,  are  also  found  on  other  parts  of  the  vegetative 
organs,  viz.  on  the  stem,  the  petiole,  the  midrib  of  the  leaf,  the  lower  and 
in  rare  cases  also  the  upper  side  of  the  lamina,  as  well  as  on  the  tendril, 
the  outer  side  of  the  pitcher,  the  inner  and  outer  surface  of  the  lid,  and  the 
margin  of  the  collar  of  the  pitcher.  These  glands,  however,  excrete  honey, 
and  nave  the  function  of  attracting  insects.  Tneir  structure  has  been  examined 
especially  by  Macfarlane,  and  in  all  cases  agrees  with  that  of  the  digestive- 
glands  in  the  following  respects  :  the  surface  of  the  glands  is  formed  by  two 
or  three  layers  of  secretory  cells,  the  uppermost  of  which  is  composed  of  pahsade- 
like  cells ;  the  secretory  portion  is  limited  internally  by  one  or  more  layers 
of  ceUs,  some  of  which  are  suberized ;  tracheal  terminations  are  invariably 
found  beneath  the  gland.  The  glands,  which  occur  on  the  inner  side  of  the 
lid  in  variable  numbers  (numerous  in  N.  Boschiana^  few  in  N,  albomarginata), 
agree  closely  with  the  digestive  glands  in  their  flattened  placentiform  shape, 
and  in  being  composed  of  three  horizontal  layers  of  cells ;  they  lie  in  sniall 
pits,  which  are  overarched  on  all  sides  or  on  one  side  only  (the  upper)  by  a 
projecting  flap  of  tissue  formed  by  the  adjacent  epidermal  cells.  The  marginal 
glands  of  the  collar  are  likewise  convex  multicellular  structures,  but  they  have 
an  elongated  form,  and  are  sunk  in  pits  of  a  corresponding  shape  and  often  of 
considerable  depth ;  in  these  glands  the  layers  of  glandular  cells  cover  the 


^  These  oeUs  bave  nothing  to  do  with  the  deposition  oi  wax.  Macfarlane  found  transitions 
between  Uiem  and  nonnal  stonuta,  and  supposes  that  they  take  part  in  the  excretion  of  water  in  the 
interior  of  the  pitcher. 
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entire  convex  sorface,  apart  from  the  insertion  of  the  g^<L  The  glands, 
described  by  Macfarlane  as  occurring  on  the  other  portions  of  the  asddiom  enume- 
rated above  and  on  the  stem  in  various  species,  are  essentially  different.     In 


Fig.  164.  A-B,  Spiral  cells  from  the  leaf  of 
N.  atbomarginmia^  Webb,  c,  Epidermis  of  the 
slippenr  aone.  D-P,  Digestive  glands  of  N.  mibo- 
marginaUi :  D^  in  sarface-vtew ;  B-p,  in  a  section 
cut  pa  rain  to  the  longitndinal  axis  of  thepttcher. 
G,  Hooey-gland  from  the  stem  of  N.  IniyUatm' 
pkora.'-K^  B,  D-p  Original,  c,  after  Goebel, 
G,  after  Macfarlane. 


them  the  layers  of  glandular  cells  form  the  wall  of  a  depression  in  the  surface 
of  the  organ,  the  shape  of  the  depression  varying  in  different  cases.  The 
depressions  are  either  shallow  and  widely  open  (leaf-glands  of  iV.  hybrida), 
or  have  the  form  of  deep  and  narrow  canals  (stem-glands  of  N.  Phyllamphara^ 
Fig.  164,  C),  or  of  larger  cavities,  provided  with  numerous  recesses  and  opening 
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to  the  exterior  by  means  of  a  narrow  ostiole  (petiolar  glands  of  N.  bicalcarata ; 
elands  occurring  on  the  inner  side  of  the  lid  of  the  pitcher  in  N.  laevis\ 
If,  Lowii  and  Jf.  PerviUei), 

In  the  axis  (N.  Phyllamphora^  Willd.,  N.  Boschiana,  Korth.)  the  normal 
vascular  ring  is  supplemented  by  numerous  cortical  vascular  bundles,  which 
form  a  special  annular  zone  in  the  primary  cortex.    According  to  Zacharias 


Fig.  165.    Hairy  covering  of  the  Nepenthaceae :  A-B,  External 

f  lands,  and  d-f.  Clothing  hain  of  iV:  atbomarjrinaiOy  U>bb.    c, 
'richome  from  the  floral  region  oiN,  tUstillaiorta^  L.— Onginal. 

(N.  Phyliamphora)  10-12  larger,  and  a  con- 
siderable number  of  smaller  leaf -trace  bundles 
pass  into  the  stem  from  each  leaf ;  the  large 
bimdles  first  run  for  a  varying  distance  in 
the  primary  cortex,  and  then  enter  the  vascular  ring,  whilst  the 
smaller  bundles  remain  in  the  primary  cortex.  A  transverse 
section  of  the  axis  shows  the  following  diflFerentiation.  The 
jdth,  which  contains  spiral  cells,  elongate!  in  the  vertical  direc- 
tion, is  surrounded  by  a  medullary  sheath  of  elongated 
prosenchymatous  or  parenchymatous  elements,  provided  with  slit-like 
pits  and  subdivided  by  delicate  transverse  walls.  Outside  the  medullary 
sheath  lies  the  ring  of  vascular  bundles.  The  pericycle  contains  hard  bast 
accompanied  by  numerous  spiral  cells,  which  are  elongated  in  the  vertical 
direction ;  adjoining  these  elements  is  the  endodermis.    The  primary  cortex 


^  The  glands  described  above  are  not  present  in  N.  gracilis^  with  which  N,  laevis  is  freqtientl)* 
confounded. 
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commences  with  a  zone  of  large  parenchymatous  cells,  amongst  which  short 
spind  elements  occur ;  the  parenchymatous  cells  themselves  sometimes  (N. 
Boschiana)  possess  spiral  thickening,  or  spirally  arranged  slit-like  pits.  Outside 
the  parenchymatous  zone  is  a  ring  of  mechaiiical  tissue  exhibiting  the  same 
structure  as  the  meduUary  sheath  and  having  the  cortical  vascular  bundles 
embedded  in  it ;  external  to  this  is  a  smaU-celled  tissue  containing  chlorophyll 
and  including  spiral  cells.  The  development  of  cork  takes  place  inunediately 
breath  the  endodermis.  In  the  structure  of  the  wood  we  may  mention  that 
the  vessels  attain  a  diameter  of  •07—09  mm.,  and  have  simple  perforations ; 
the  medullary  rays  are  narrow  and  the  wood-prosenchyma  is  provided  with 
t3rpical  bordered  pits. 

Oxalate  of  lime  occurs  in  the  form  of  clustered  crystals.  In  addition  to 
these,  sphaerocrystalline  masses,  the  nature  of  which  is  not  known,  have  been 
observed  in  alcohol-material  (Zacharias).  Internal  secretory  receptacles  are 
not  present. 

The  hairy  covering,  apart  from  the  digestive  and  honey-elands  described 
above,  is  constituted  by  peltate  glandular  hairs  and  by  clothmg  hairs,  as  my 
own  investigations  proved.  The  former  consist  of  (a)  a  basal  ceil ;  (b)  a  rather 
long  stalk  with  fairly  thick  walls,  and  divided  by  horizontal  septa,  the  upper- 
most tier  being  bicellular  owing  to  the  presence  of  a  vertical  wall ;  and  (c)  a 
deciduous  peltate  head,  which  sometimes  (N,  gracilis^  according  to  Haberlandt) 
has  a  four-rayed  form,  and  is  divided  into  a  number  of  cells  (four  or 
more)  by  variously  orientated  vertical  walls  (Fig.  165,  A-B).  The  clothing 
hairs  are  of  the  following  types  :  i.  simple  uniseriate  trichomes,  which  are  occa- 
sionally (in  the  floral  region  otN.  destiUatoria,  Fig.  165,  C) characterized  by  oblique 
transverse  walls  and  lateral  protrusion  of  certam  cells  of  the  hair  ;  2.  trichomes 
of  more  complicated  structure  appearing  to  the  naked  eye  like  tufted  or  stellate 
hairs  (Fig.  105,  D-E)  or  bristles  (Fig.  165,  F) ;  some  of  these  may  be  regarded 
as  derived  from  uniseriate  hairs  of  sympodial  structure,  whilst  others  are  com- 
binations of  similar  trichomes  with  stdlate  hairs ;  and  3.  lastly,  stellate  hairs 
with  a  unicellular  stalk  and  several  ray-cells. 

Litentnre :  Wnnsdmuum,  Ntpenthes^  Diss.,  Berlin,  187a,  46  pp.  (here  and  in  DC.  Prodr.  zyti, 
p.  91  Uie  older  anatomical  literatnre^. — 74icharia»,  Stamm  d.  Gatt.  Nepenthes^  Diss.,  Strassbmig. 
1877,  3a  pp.  and  3  Tab. — Kny  and  Zunmermann,  Spiknlarzellen  yod  NeptntheSj  Ber.  dentsch.  bot. 
Goellsch.  1885,  pp.  123-8. — Solereder,  Holzstr.,  1885,  pp.  aai-a. — Meckel  and  Chareyre,  Asddies 
etc.,  Compt  read.,  t.  ci  a,  1885,  p.  581. — Goebel,  Biolog.  Schild.,  ii.  Teil,  Lief,  i,  1 891,  pp.  107-10 
and  Tab.  zziL — Wnnachinann,  in  Natiirl.  Pflanzenfam.,  iiL  Teil,  Abt.  a,  1891,  pD.  250-7. — Bfac- 
farlane,  Pitchered  plants,  Ann.  of  Bot,  vol.  Tii,  1893,  especially  pp.  4ao-40  ana  pi.  zix-zzL — 
H.  Schendc,  Anat.  d.  Lianen,  1893,  p.  7a. — Haberlandt,  Trop.  lAubbl.  ii,  Sitz.-Ber.  Wiener  Akad.^ 
Bd.  civ,  Abt  I,  1895,  p.  97  and  TVib.  iy. 


CYTINACEAE. 

This  Order,  as  is  well  known,  comprises  parasitic  herbaceous  plants,  which 
are  for  the  most  part  leafless,  and  in  other  respects  also  show  considerable 
reduction  of  the  vegetative  organs. 

This  reduction  'i&  most  pronounced  in  the  tribe  Rafflesieae,  where  the  vege- 
tative organs  have  the  form  of  a  thallus,  embedded  in  the  tissues  of  the  host-plant ; 
according  to  Solms-Laubach,  this  structure  is  mycelial  and  devoid  of  vascular 
tissue  in  the  simplest  cases  (Rafflesia^  Brugmansia^  PUostyles  HaussknechUi, 
Boiss.),  whilst  vascular  bundles  occur  in  the  more  massive  thallus  of  PUostyles 
aethtopica^  Welw.  and  Cytinus  HypocystiSy  L.  Unlike  the  Rafflesieae  the 
members  of  the  second  tribe,  the  Uydnoreae,  consisting  of  the  two  genera 
Hydnora  and  Prosapanche,  possess  '  rhizoid-shoots.'  The  structure  of  these 
rluzoids  has  been  examined  m  detail  by  Schimper  in  Prosopanche  Burmeisten, 
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De  Bary,  Hydnora  africana^  Thunb.,  and  Hydnora  abyssinicay  A.  Br. ;  in  the 
first  two  species  the  rhizoids  are  angular  in  cross-section,  in  the  last  species 
thejr  are  cylindrical.  In  all  three  species  the  periphery  of  the  transverse 
section  shows  a  thick  layer  of  cork-cells.  These  surround  a  parenchymatous 
cylinder  containing  the  vascular  bundles ;  the  cells  of  the  parenchyma  are 
filled  with  brown,  tanniniferous,  gelatinous  contents,  which  sometimes  also 
include  starch  and  tetrs^onal  crystals  of  oxalate  of  lime.  The  tissue 
forming  the  innermost  portion  of  the  rhizoids  consists  of  a  strand  of  elongated 
cells  (pith),  which  in  Prosopanche  are  extremely  long  and  fibrous,  while  in  the 
remaining  genera  they  are  somewhat  elongated  and  prismatic.  The  arrange- 
ment of  the  vascular  bundles  differs  in  the  three  species  investigated.  In 
Hydnora  africana  a  transverse  section  shows  the  usual  ring  of  normally  orientated 
vascular  bundles  (xylem  inwards,  phloem  outwards),  the  ring  having  five 
projections  corresponding  to  the  usually  pentangular  shape  of  the  rhizoid ; 
a  few  vascular  bundles  are  also  found  scattered  in  the  ground-tissue  external 
to  the  ring.  In  Prosopanche  Burmeisteriy  in  which  the  rhizoids  are  likewise 
4-5  angled,  the  distribution  of  the  vascular  bundles  in  the  parenchymatous 
ground-tissue  is  somewhat  modified.  In  this  plant  the  vascular  ring  is  broken 
up  into  (a)  a  central  zone  of  four  or  five  normally  orientated  vascular  bundles, 
which  are  placed  singly  opposite  the  concave  lateral  surfaces,  and  (b)  four 
or  five  peripheral  groups  of  bundles ;  each  of  these  groups  lies  in  one  of  the 
comers  of  the  stem  and  is  composed  of  two  radial  rows  of  bundles ;  the  xylem- 
groups  in  the  bundles  of  one  row  are  directed  towards  those  of  the  other. 
In  Hydnora  abyssinica,  finally,  a  transverse  section  of  the  rhizoid  shows  several 
rings  of  normally  orientated  vascular  bundles.  Regarding  the  structure  of 
the  vascular  bundles,  I  may  mention  that  distinct  sieve-tubes  and  simple 
perforations  in  the  vessels  have  been  observed  in  Prosopanche,  and  that  the 
bundles  sometimes  show  slight  growth  in  thickness.  We  may  also  note  the 
occurrence  of  peculiar  secretory  receptacles  in  the  rhizoid-shoots  of  Proso- 
panche Burmeisteri ;  Schimper  terms  them  receptacles  of  gelatinous  substance, 
and  De  Bary  found  them  also  in  the  peduncle  of  the  same  plant.  They  form 
cylindrical  strands  of  large,  loosely  connected  cells  with  gelatinous  contents, 
tne  strands  sometimes  attaining  a  diameter  of  2  mm. ;  in  many  cases  the 
more  central  cells  sooner  or  later  become  disorganized,  and  replaced  by  an  inter- 
cellular canal  containing  '  gelatine.'  The  *  gelatine-receptacles '  are  restricted 
to  the  radii  connecting  the  angles  of  the  stem  (in  transverse  section)  with  the 
centre  ;  on  each  of  these  radii  there  are  either  two  or  three  receptacles,  which 
decrease  in  size  centrifugally. 

Stomata  appear  not  to  be  present  in  any  member  of  the  Order,  not  even 
on  the  floral  organs.  Glandular  hairs  are  figured  by  Chatin  (Taf.  xcii.  Fig.  3) 
on  the  bracts  of  Cytinus  Hypocystis ;  a  glandular  head,  composed  of  three 
or  four  cells  separated  by  vertical  walls,  is  seated  on  a  conical  multicellular 
pedestal. 

Litentnre :  Chatin,  Anat.  comp.,  PI.  parasit.,  pL  zc  bis-zcii  bis  and  di-cvii  (without  text). — 
De  Bary,  Prosopancht^  Abh.  natarf.  Gesellsch.  Halle,  Bd.  z,  1868,  pp.  341-60  and  a  Tab.— Solms- 
Laabach,  Pihsiyles  Haussknechtii,  Bot.  Zeit.  1874,  PP-  49  ^^  ^5  ^  s^*  ^<1  '^^  ^  <^^  Haost.  d. 
Loranth.  n.  Thallus  der  RafHesiaa  etc.,  Abh.  natnif.  Gesellsch.  Halle,  Bd.  xiii,  1874,  pp.  259-67 
and  Tab.  xxy-zzvi.— Schimper,  Prosopanche^  Abh.  natnrf.  Gesellsch.  Halle,  Bd.  zv,  i88s,  pp.  a  1-47 
and  Tab.  ii-iii.—Solms-Lanbach,  in  Natiirl.  Pflanzenfam.,  Ui.  Teil,  Abt  i,  1889,  pp.  275  and  284.— 
Pdioe,  Hanstoria,  Ann.  of  Bot.,  yoL  vii,  1893,  p.  318  et  seq.  and  pi.  xiv-xv. 
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ARISTOLOCHIACEAE. 

1.  Review  of  the  Anatomical  Featukes.  This  Order  is  characterized 
by  the  following  features :  (a)  the  presence  of  secretory  cells  with  oily 
contents  (Fig.  i66,  A-C),  probably  occurring  in  all  the  species,  and  sometimes 
giving  rise  to  transparent  dots  in  the  leaf,  where  they  show  a  tendency 
to  be  restricted  to  the  epidermal  tissue ;  (b)  the  lack  of  a  special  type  of 
stoma;  and  (c)  the  absence  of  glandular  hairs.  In  the  woody  species 
other  characters  may  be  added,  viz.  the  broad  primary  medullary  rays, 
the  simple  perforations  of  the  vessels,  the  bordered  pitting  of  the  wood-prosen- 
chyma  and  the  absence  of  secondary  hard  bast.  The  development  of  cork, 
as  far  as  it  is  known,  takes  place  superficially ;  in  the  woody  species  the  peri- 
cyde  contains  a  continuous,  or  interrupted,  composite  ring  of  sclerenchyma.  In 
addition  to  the  secretory  cells,  spherical  cells,  filled  with  brown,  tanninif erous 
contents,  are  present  in  certain  species  of  Aristolochia  and  Holosiylis,  Oxalate 
of  lime  is  generally  excreted  in  the  form  of  small  prismatic  or  clustered  % 
crystals,  very  rarely  as  ordinary  large  solitary  crystals.  Groups  of  cells  with 
silicified  walls  (Fig.  i66,  Z)-G)  are  common  in  Htdosfylis  and  the  species  of 
Aristolochia^  while  cells  with  siliceous  contents  (Fig.  i66,  H-J)  are  present 
in  all  species  of  Afama  and  ThotUa.  The  hairy  covering  consists  of  uniseriate 
trichomes  of  varied  structure ;  in  species  of  Aristolochia,  Hdostylis,  Thottea 
and  Apama  these  trichomes  assume  a  special  form,  viz.  bracket-hairs  (Fig. 
i66,  iC),  in  which  the  terminal  cell  is  bent  like  a  hook ;  another  special  t]^ 
is  that  of  the  trichomes  of  Saruma,  where  the  terminal  cell  encloses 
fine  crystal-sand  composed  of  oxalate  of  lime.  Anomalous  structure  of  the 
axis  has  only  been  met  with  in  Aristolochia  triangularis,  Cham.  (Fig.  167,  B) 
(splitting  up  of  the  original  vascular  ring,  and  secondary  formation  of  bundles 
of  wood  and  bast  at  the  inner  margin  of  the  resulting  segments).  For  the 
purposes  of  finer  anatomical  diagnosis  the  following  characters  have  special 
systematic  importance :  the  details  of  the  distribution,  or  the  absence 
(Aristolochia,  section  Siphisia)  of  secretory  cells  in  the  leaf ;  the  occurrence  of 
hypodermal  tissue  in  the  leaf  (species  of  Aristolochia  and  Thottea) ;  and  the 
papillose  differentiation  of  the  upper  (species  of  Asarum)  or  lower  (species  of 
Aristolochia  and  Thottea)  epidermis. 

2.  Structure  of  the  Leaf.  This  has  been  thoroughly  investigated*. 
The  leaf  is  generally  bifacial,  but  in  some  cases  the  mesophyll  consists  of  homo- 
geneous muriform  parenchyma.  Centric  leaf-structure  with  palisade-tissue 
developed  on  both  sides  is  rare  {Aristolochia  auriadaria,  Boiss.,  &c.).  The 
stomata  have  no  special  subsidiary  cells,  and  in  the  great  majority  of  species 
occur  only  on  the  lower  surface  of  the  leaf.  In  certain  species  of  Asarum  and 
Aristolochia  and  in  Holostylis  they  are  met  with  on  both  sides  of  the  leaf,  whilst 
in  Apama  and  Thottea  they  have  been  observed  on  the  lower  surface  only. 
It  is  a  noteworthy  fact  that  the  cuticle  is  not  striated  in  any  of  the  Aristolocm- 
aceae,  but  it  frequently  has  a  granular  structure.  Gelatinization  of  the  epidermis 
of  the  leaf  has  not  been  observed.  Development  of  hypoderm  is  rare.  Thottea 
grandiflora,  Rottb.  is  distinguished  from  other  species  of  the  same  genus  by 
possessing  a  hypoderm  situated  beneath  the  upper  epidermis  of  the  leaf  and 
composed  of  a  single  layer  of  thick-walled  cells  with  undulated  lateral  walls ; 
hypoderm  is  also  found  on  the  upper  side  of  the  leaf  in  Aristolochia  oblongata, 
J  acq.,  and  less  completely  differentiated  in  A,  sericea,  Benth.  Papulose 
development  of  the  epidermis  of  the  leaf  has  been  demonstrated  in  species  of 
Asarum,  Aristolochia  and  Thottea.    In  the  species  of  Asarum  in  which  this  feature 


*  See  Solereder,  in  Engler,  Bot.  Jahrb.  1889,  loc.  dt. 
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is  found  (A.  Blumei^  Duch.,  A,  canadense^  L.,  A.  Thunbergii,  A.  Br.  and  A,  varie- 
gatum^  A.  Br.  et  Bouch.)  the  papillae  occur  on  the  cells  of  the  upper  epidermis ; 
in  the  other  cases  they  are  developed  on  the  lower  epidermal  cells  (ThoUea 
dependensy  Klotzsch,  i .  grandifiora^  Rottb.,  T.  tricomis,  Maingay ;  Ariskh 
lochia  aUnda,  Duch.,  A.  Clemaiitis^  L.,  A.  contorta,  Bge.,  A.  cynMfera^  Mart, 
et  Zucc.,  A.  cynanchifoliay  Mart,  et  Zucc,  A.  debilis^  Sieb.  et  Zucc,  A.  hians^ 
Willd.,  A.  nervosa^  Duch.^  A. ringens^  Vahl  and  A.  Uhdeana,  Duch.).  In  ArisUh 
lochia  ringens  and  certain  other  species  the  formation  of  papillae  is  restricted 
to  the  veinSy  and  occurs  especially  where  several  of  the  smaller  veins  meet ; 
in  A.  cofUorta  the  papillae  are  sometimes  very  long,  resembling  hairs,  and  some 
of  them  may  even  become  bicellular  owing  to  the  formation  of  transverse 
walls.  The  vascular  system  of  the  smaller  veins  is  invariably  embedded ; 
in  many  species  it  is  accompanied  by  varying  amounts  of  sclerenchyma,  whilst 
in  other  species  the  sclercnchyma  is  entirely  wanting. 

The  secretory  cells  (Fig.  166),  which  in  manv  species  give  rise  to  trans- 
parent dots  in  the  leaf,  require  a  more  detailed  description.  They  occur 
not  only  in  the  leaves,  but  also  in  all  the  other  organs,  such  as  stem,  rhizome, 
root,  flower,  fruit  and  seed.  The  secretory  cells  in  the  lamina  of  the  leaf 
have  been  especially  examined.  They  are  found  in  the  lamina  in  nearly  all 
the  members  of  the  Order,  being  absent  only  in  a  few  very  closely  related  species 
of  Aristclockia^  belonging  to  the  section  Siphisia  (namely  A.  Kaempferi^  Willd., 
A.  piakmifoUa^  Duch.,  A.  Serpentaria,  L.,  A.  Sipho^  L'Hdrit.  and  A.  tomen- 
tosa^  Sims.).  In  these  species,  however,  the  secretory  cells  are  met  with  in 
other  organs  of  the  plant,  so  that  their  general  occurrence  may  be  regarded 
as  a  si>ecially  valuable  and  constant  character  of  the  Order.  The  following 
statements  may  be  made  regai^ding  the  distribution  of  the  secretory  cells  in 
the  tissues  of  the  lamina  in  the  various  genera  of  the  Aristolochiaceae, 
to  which  I  am  able  to  add  the  new  genus  Saruma^  Oliv.  on  the  basis  of  a 
recent  investigation.  There  is  a  general  tendency  in  this  Oi'der  to  the  develop- 
ment of  secretory  cells  in  the  integumental  tissue.  In  the  genus  Asarum 
they  are  invariably  found  in  the  epidermis,  and  in  certain  species  they  occur 
in  the  mesophyll  as  well ;  the  monot3rpic  genus  Saruma  possesses  secretory  cells 
in  the  lower  epidermis  and  in  the  mesophyll ;  in  ThoUea  they  occur  only  in  the 
mesophyll ;  in  Apama  in  the  mesophyll — ^in  certain  species  in  the  epidermis 
also ;  in  the  genera  Holostylis  and  Aristolochia  exclusively  in  the  integumental 
tissue  :  generally  in  the  epidermis,  rarely  in  the  hypoderm  on  the  upper  side 
of  the  leaf  {A.  ohlongatay  J  acq.),  or  as  basal  cells  to  the  uniseriate  hairs  (A. 
sericea,  Benth.,  Fig.  166,  jl,  A.  GriffUhii,  Hook.  f.  et  Th.  and  i4.  saccata.  Wall., 
in  all  of  which  independent  secretory  cells  are  wanting).  The  secretory  cells 
occurring  in  the  epidermis  of  the  leaf  are  either  present  on  both  sides  or  only 
on  the  lower  side  ;  they  are  never  found  in  the  upper  epidennis  only ;  their 
varied  mode  of  occurrence  may  be  employed  S3^tematic2dly  in  the  case  of  the 
species  of  Asarum  and  Aristolochia^  and  the  same  applies  to  the  distribution 
(referred  to  above)  of  the  secretory  cells  in  both  mesophyll  and  epidermis, 
or  in  only  one  of  these  two  tissues.  The  shape  of  the  secretory  cells  is  mostly 
spherical  or  ellipsoidal ;  branched  forms  are  of  rare  occurrence  (Aristolochia 
nervosa,  Duch.).  The  size  of  these  elements  varies,  their  diameter  being  between 
*07S  and  -012  mm.  Their  walls  are  usually  suberized.  The  contents  consist 
of  drops  of  a  yellowish  or  whitish,  or  occasionally  reddish  substance,  and  include 
ethereal  oil.  They  are  not  of  uniform  chemical  composition  ;  in  -4 ,  Lindeniana 
Duch.  var.  plaguyphylla,  Griseb.  the  contents  of  the  secretory  cells  become 
coloured  indigo-blue  by  Eau  de  Javelle,  this  being  due  to  the  conversion  of 
some  substance  present  in  the  secretion  into  indigo.  The  secretory  cells  in  the 
ejndermis  require  special  description,  since  frequently  only  a  small  portion  of 
each  of  these  cells  reaches  the  free  surface  of  the  leaf,  while  they  often  penetrate 
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deeply  into  the  mesophyll  (Fig.  i66,  B) ;  consequently,  if  one  examines  a  trans- 
verse section  of  the  leaf  in  a  superficial  manner,  they  appear  to  belong  to  the 


Fig.  166.  A,  Hair  of  AristoheAia  uriuoy  Benth.  with  a  basal  aecretory  cell,  a,  Secretory  cells  in  the  \omtx 
^^ennis  of  the  leaf  of  A,  brachyuroy  Dach.  c,  Transrerae  sectkm  of  leaf  of  A,  iriehostoma^  Griaelk  d>p, 
SilidSed  groap  of  cells  from  the  leiu  of  A.  UmufUotOy  Sims. :  D,  in  section ;  B,  silicified  groap  of  epidenDal  cells ; 
p,  groap  of  sumacent  palisade-cells  in  sarface-view.  G,  Silicified  fixoap  of  cells  in  the  mesopnjll  01  A.  acmi^faiim^ 
Dncfa.  n-i,  Siliceoas  cells  in  the  leaf  of  TkcUta  tUptndttu^  lUotssch :  H,  in  surface-view ;  j,  in  section.  K, 
Bracke(-hair  of  Arisiolochia  tomnUosa^  Sima.— Orijirinal. 

mesophyll,  though  this  is  really  not  the  case.    The  small  portion  of  the  epi- 
dermal secretory  cell  which  appears  at  the  surface,  occasionally  lies  at  the 
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bottom  of  a  small  pit-like  depression  in  the  surface  of  the  leaf  (especially  in 
A.  trichostomoy  Griseb.,  Fig.  160,  C»  and  A.  spaihidata^  Duch.).  Not  unconmionly 
the  external  surface  of  the  secretory  cell  exhibits  a  centrally  placed  dot,  which 
has  been  shown  to  be  due  to  a  smaU,  circular,  thinner  portion  of  the  outer  wall 
(Fig.  166,  B).  The  secretory  cells  of  the  axis  occur  not  only  in  the  epidermis, 
but  also  in  the  pith,  primary  cortex  and  medullary  rays.  Spherical  cells 
filled  with  brown,  tanniniferous  contents  must  not  be  confounded  with  the  secre- 
tory cells  ;  they  are  to  be  found  in  the  neighbourhood  of  the  veins  in  the  leaves 
of  Arisiolochia  GaleoUii^  Duch.,  A.  passtfloraefolia^  A.  Rich.,  A.  veraguensis, 
Duch.  and  Holostylis  renifarmis^  Duch. 

Groups  of  cells  with  silidfied  walls  are  very  widely  distributed  in  this 
Order,  having  been  observed  in  Holostylis  and  in  94  species  of  Aristolochia. 
The  silicification  usually  involves  a  group  of  cells  belonging  to  the  upper  epi- 
dermis of  the  leaf,  and  the  subjacent  cells  of  the  palisade-tissue ;  the  con- 
tiguous walls  of  these  two  layers  are  silidfied,  more  or  less  strongly  thickened, 
and  sometimes  stratified  (Fig.  166,  D-F),  Silidfied  groups  of  ceUs  are  of  rarer 
occurrence  (Arisiolochia  acuiifolia^  Dudi.,  Fig.  166,  G)  in  the  interior  of  the 
leaf ;  they  form  spherical  or  hemispherical  groups,  in  which  those  portions  of 
the  walls  abutting  on  one  another  at  the  centre  as  well  as  the  radial  waUs  are 
thickened  and  silidfied.  The  silidfied  groups  of  cells  are  generally  visible 
even  with  a  lens  as  white  or  lustrous  devations  on  the  upper  smiace  of  the  leaf, 
and  resemble  pustules ;  occasionally  they  give  rise  to  transparent  dots  in  the 
leaf.  Silica  also  occurs  under  another  form  in  this  Order,  viz.  as  plugs 
filling  the  cavities  of  the  cells  ;  these  were  present  in  all  spedes  of  the  genera 
ThoUea  and  Afama^  which  I  examined  (Fig.  166,  H-J).  The  siliceous  cdls  ^  of 
ThoUea  axidApama  are  found  in  the  leaf  for  the  most  part  immediately  beneath 
the  upper  and  lower  epidermis,  and  occasionally  in  the  middle  of  the  mesophyll 
as  well ;  in  ThoUea  grandiflora^  Rottb.  they  also  occur  in  the  hypoderm.  They 
have  also  been  met  with  in  the  primary  cortex  of  ThoUea  grandi flora,  T.  tricornis, 
Maing.  and  Apama  sUi^uosa,  Lam.,  either  in  a  subepidermal  position  or  at 
a  greater  depth  in  the  tissue. 

Oxalate  of  lime  is  excreted  chiefly  in  the  form  of  small  prismatic  or  acicular 
crystals,  and  as  dustered  crystals ;  large  ordinary  solitary  crystals  are  very  rare 
(in  the  neighbourhood  of  the  vascular  bundles  of  the  veins  in  Aristolochia 
reticulata,  Nutt.).  In  Asarum,  Saruma,  ThoUea,  Holostylis  and  most  of  the 
spedes  of  Apama  the  small  crystals  only  have  been  observed.  They  are 
commonly  accompanied  by  dustered  crystals  of  varied  size  in  the  speaes  of 
Aristolochia,  and  small  dustered  crystals  are  also  found  in  the  palisade-tissue 
of  Apama  corymbosa  (Griff.). 

Regarding  the  hairy  covering,  two  features  have  been  suffidently  indicated 
above  as  important :  the  absence  of  glandular  hairs  and  the  occurrence  of 
bracket-hairs.  The  ordinary  form  of  dothing  hairs  in  this  Order  is  that 
of  simple,  uniseriate  trichomes,  which  exhibit  a  number  of  differences  in  the 
thickness  of  their  walls  and  in  the  number  and  length  of  the  component  cells. 
The  following  forms  of  these  hairs  require  spedal  mention  :  the  narrow  whip- 
shaped  trichomes  of  certain  Aristolochias  (A.  barbaia,  Jacq.,  A.  costaricensis, 
Duch.,  &c.) ;  the  trichomes  found  in  the  spedes  of  Apama  and  distinguished  by 
having  several  relativdy  short  basal  cells  and  a  few  long  terminal  cells  ;  and 
the  curious  trichomes  of  Saruma  Henryi,  Oliv.,  which  are  rather  thin-walled, 
and  have  an  dongated  terminal  cell  with  doubly  refractive,  findy  granular 
contents*.    The  above-mentioned  bracket-hairs  generally  consist  of  a  fairly 

'  In  my  pamr  on  the  anatomy  of  the  Arlitolochiaeeae  these  cells  were  described  as  secretory  sacs. 

*  As  proyed  by  their  chemical  behavionr  towards  acetic,  hydrochloric  and  snlphnric  acids,  these 
contents  include  fine  crystal-sand  composed  of  oxalate  of  lime,  and  this  constitutes  the  doubly  refract- 
ing portion. 
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high,  unicellular^  dome-shaped  pedestal,  which  is  seated  on  the  epidermis, 
a  short  neck-cell,  and  a  terminal  cell,  bent  like  a  hook,  the  tip  being  in  most 
cases  solid  and  silicified  (Fig.  i66,  K).  When  the  pedestal  is  high,  it  is  genersdly 
composed  of  a  rather  large  number  of  cells.  In  this  case  it  consists  of  tiers, 
which  are  either  unicellular  throughout  (A,  erianiha.  Mart,  et  Zucc.),  or  multi- 
cellular in  the  lower  portion  of  the  pedestal  (A,  pubescens^  Willd.) ;  or  in  other 
cases  there  is  a  double  pedestal  {A.  auricularia^  Boiss.)  consisting  of  a  broad 
base,  the  tiers  of  which  are  multicellular,  surmounted  by  a  long  uniseriate 
pedestal  bearing  the  terminal  cell.  In  the  bracket-hairs  of  certain  species 
of  Afistolockia  (A.  auriculana^  Boiss.,  A,  Chamissanis,  Duch.,  A,  creHca^  Lam., 


Pig.  167.  A,  Trantvene  section  throogfa  the  voanff,  and 
B,  throoffli  the  older  and  aoomaloos  axis  of  Arimockia 
iritmgulariM^  Cham.— After  H.  Schenck. 


A.  hirta,  L.,  A.  nervosa^  Duch.)  the  hooked  terminal  cells  are  replaced  by  others 
which  are  pointed,  or  only  show  a  tendency  to  assume  the  shape  of  a  hook 
('  undeveloped  bracket-hairs '). 

The  petiole  has  been  investigated  in  Asarum  canadense  and  in  a  few  Aristolochias 
by  Petit,  and  in  these  cases  three  vascular  bundles  pass  into  it.  In  A  sarum  canadense 
they  run  through  the  entire  petiole  ;  in  Aristolochia,  on  the  other  hand,  their  number 
is  increased  by  branching,  so  that  the  characteristic  region  exhibits  an  arc  of  a  rela- 
tively large  number  of  approximated  or  isolated  vascular  bundles. 

3.  Structure  of  the  Axis.  The  structure  of  the  axis  is  generally  normal 
in  this  Order.  The  broad  primary  medullary  rays,  which  are  composed  of 
lignified  or  unlignified  cells,  are  especially  characteristic ;  they  separate  the 
vascular  bundles  from  one  another  in  the  woody  species  of  the  genera  Aristo- 
lochia, Apama  and  TkoUea,  as  well  as  in  the  rhizome  of  Asarum,  In  the  woody 
species  of  Aristolochia  they  extend  for  long  distances  through  the  stem,  and 
are  only  traversed  by  strands  of  woody  tissue  at  a  few  points  (Strasburger). 
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In  some  cases  (e.g.  the  woody  Aristolochias),  in  the  course  of  growth  in  thickness, 
broad  secondary  medullary  rays  are  successively  developed  in  the  vascular 
bundles  themselves,  occasioning  a  dichotomous  fission  of  the  plates  of  wood  and 
bast  composing  the  vascular  bundles  ;  in  this  way  we  obtain  a  characteristic 
appearance  in  transverse  section,  which  H.  Schenck  has  termed  the  Aristo- 
/^M-type.  This  is  specially  distinct  in  young  stems  of  A,  triangularis^  Cham. 
(Fig.  167,  i4),  in  which  the  medullary  rays  are  no  narrower  than  the  rays  of 
wood  between  them ;  the  same  structure  is  less  t}^ically  differentiated  in 
A,  Sipho^  A.  tomeniosa  and  other  species,  in  which  the  wood  has  a  denser 
structure. 

The  pith  commonly  consists  of  unlignified  cells  in  Aristolochia,  of  lignified 
cells  in  ThoUea  and  Apama. 

The  following  facts  may  be  mentioned  regarding  the  structure  of  the  wood, 
more  especially  that  of  the  woody  species  of  Aristolochia^  ThoUea  and  Apama, 
The  vessels  attain  a  considerable  diameter  (as  much  as  -140^1.)  in  the  twining 
species ;  their  perforations  are  simple  throughout  (even  in  Asarum),  The 
wood-parenchyma  is  usually  scantily  developed,  but  is  more  abundant  in 
Apama  siliquosa.  Lam.  and  ThoUea  grandiflora,  Rottb.,  where  it  occurs  in  rows 
accompanying  the  tracheae.  The  walls  of  the  wood-prosenchyma  bear  large 
bordered  pits  in  Aristdochia,  smaU  but  distinct  bordered  pits  in  Apama  and 
ThoUea.  Spiral  thickening  has  been  observed  in  the  narrower  vessels  and  in 
the  prosenchyma  (with  bordered  pits)  of  A,  tometUosay  L.  In  the  rhizome  of 
Asarum  the  xylem  contains  no  prosenchyma,  and  is  composed  of  unlignified 
parenchyma  and  vessels  only. 

The  first  feature  to  be  described  in  the  structure  of  the  cortex  is  the  origin 
of  the  cork  ;  this  is  only  known  in  Aristolochias  where  the  cork  arises  super- 
ficially, mostly  in  the  subepidermal  layer  of  cells.  The  cork  of  Aristolochia  is 
composed  of  alternating  layers  of  thin- walled  cubical  cork-cells,  and  cells  with 
cellidose  walls.  Asarum  europaeum  develops  no  cork;  the  outer  layers  of  the 
cortex  simply  become  suberized  and  subsequently  peel  oflF.  Stone-cells  are 
sometimes  found  in  the  primary  cortex.  In  Aristolochia^  Apama  and  ThoUea 
the  outer  portion  of  the  pericycle  contains  a  closed  or  locally  interrupted  com- 
posite sclerenchymatous  ring,  the  fibrous  cells  of  which  have  rather  wide  lumina, 
and  are  to  some  extent  septate  by  means  of  thin  transverse  walls  ;  the  inner 
parenchymatous  portion  of  the  pericycle  is  often  strongly  developed.  In 
the  rhizomes  of  Aristolochia  and  Asarum  the  sclerenchymatous  ring  is  replaced 
by  an  endodermis.  The  secondary  bast  never  contains  bast-fibres,  though 
stone-cells  may  be  present.  The  sieve-tubes  often  have  wide  lumina,  and  the 
sieve-plates  are  commonly  provided  with  coarse  pores. 

Anomalous  structure  of  the  axis  is  only  ^  found  in  Aristolochia  triangtt- 
lariSf  Cham.,  according  to  H.  Schenck  (Fig.  167,  B).  It  first  appears  in  stems  of 
this  species  3-5  cm.  in  thickness.  By  secondary  dilatation  of  the  pith  the 
vascular  ring  first  becomes  divided  up  into  eight  fan-shaped  xylem-segments 
corresponding  to  its  eight  component  bundles  ;  '  narrow  secondary  plates  of 
wood  and  bast  are  formed,  spreading  out  like  a  fan,  from  the  sides  of  the 
xylem-segments,  and  extending  round  their  inner  angles,  these  plates  being 
derived  from  a  cambium,  which  appears  in  immediate  contact  with  the  originsd 
segments  of  the  wood.' 

literature :  Mohl,  Ban  n.  Winden  d.  Ranken-  n.  Schlingpfl.,  Tiibingen,  1827,  ^  97  and  Tab.  xi. 


^  The  stem  of  the  plant,  described  as  *  Aristolochia  biloba  *  by  Schleiden  and  De  Bazy,  and  stated 
to  poiicii  SQOoessiTe  rings  of  growth,  is  normal  in  structure  (see  Solereder,  i88j)).  So  also  is  the 
axis  of  Brtfgantia  WaUichii  {Apama  siliquosa)  \  the  stem  described  wider  this  specific  name  by 
Masters  is  provided  with  soccessive  rings  of  growth  of  the  Menispermaceons  type,  bat  belongs  to 
a  species  oiGnetum  (see  Solereder,  1894). 
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— Decaiaw,  Latdiabalto,  Aich.  Mas.  dliift.  nat,  t.  i,  1839,  p.  143  et  seq.— GriiBtb,  in  Traoiact. 

"  ' ^         "  '^ V"'  — 

.     .      w  ,  .        .  -     w        Dnchait   ,  , 

Compt.  xend.,  t  zxxviii,  1854,  P-  ii^^  ^  >^* — Vanpell,  Peripher.  Wachst.  d.  Gefassb.,  Leipzig, 


Linn.  Soc.  of  London,  voL  xix^  184a,  p.  334. — Lindley,  Veg.  Kingd.,  1046,  p.  79a. — Scbleiden, 
Grundz.  d.  wisk  Bot.,  ii,  1850,  p.  167  and  Fig.  15a. — Dnchaitre,  V^g^  et  ttnict  anat.  dei  A.. 
"■     -  "       "   -^      •  T.  Wachst.  d.  r  '     -    -  '    ■ 


1855. — ^Master%  Stract.  affin.  and  distnb.  of  the  genns  Ariitolochia  etc.,  Jonrn.  Linn.  Soc,  toL  xiv, 
1875.  P-  4^7  ^  seq.— De  Bary,  Veigl.  Anat.,  i877.--.Zacharias,  in  Bot  Zeit.  187^,  p.  633.— MoUer, 
Rindenanat.,  i88a,  pp.  134-5. — Mentovich,  Mark,  Klanaenbnrg,  1885,  Hnnganan ;  abstr.  in  Jnat 
1885,  i,  p.  789.— H6rail,  lige  des  Dicot.,  Ann.  so.  nat.,  i^r.  7,  t.  ii,  1885,  pp.  248-51  and  pi.  17. — 
Solereder,  Holzstr.,  1885,  pp.  aaa-3. — ^Douliot,  P^ridenne,  Ann.  sc  nat.,  sdr.  7,  t.  z,  1889,  pp. 
333-3* — Pcti^  Petiole,  Act.  Soc.  Linn,  de  Bordeanx,  t  43,  1889,  p.  19  and  pi.  L— Solmder, 
Veigl.  Anat.  d.  A.,  Engler,  Bot.  Jahrb.,  Bd.  z,  1889,  pp.  410-5S4  and  Tab.  zii-ziy  and  in 
NatUrl.  Pflanzoifam.,  iii.  Tdl,  Abt.  i,  1889,  p.  266-7.— Plandion,  ^^  Aristiloches,  Montpellier 
(Hamelin  Fr^res),  1891,  a66  pp. — Strasbui^er,  Leitnngsbahnen,  1891,  pp.  256-66.— H.  Scnenck, 
Anat.  d.  Lianen,  1893,  pp.  154-5  and  Tab.  viii. — Solereder,  in  Ball.de  VHerbier  Boistier,  t.  ii,  1894, 
pp.  384-6. — [Bastin,  Struct,  of  Asarum  canadense,  Americ.  Joarn.  of  Phann.  1894  (lee  alio  ue 
pnarmacognostic  works  with  regard  to  the  mostly  obsolete  rhizome  and  root  of  species  of  Aristc- 
lochia  and  i^jorMXFi).— Schwabach,  Mech.  Ring,  Bot.  Centralbl.  1898,  iv,  p.  354  et  seq.] 

PIPERACEAE^ 

I.  Review  of  the  Anatomical  Features.  With  the  exception  of  the 
genus  Symbryon^  the  members  of  this  Order  are  distinguished  by  the  possession 
of  secretory  cells,  which  very  commonly  give  rise  to  a  transparent  dotting  of 
the  leaves ;  besides  these,  lysigenous  mucilage  canals  occur  in  the  pith  of  the 
stem  of  Piper,  The  stomata  are  only  found  on  the  under  side  of  the  leaf,  and 
are  invariably  surrounded  by  a  considerable  number  of  epidermal  cells,  which 
are  sometimes  arranged  in  a  rosette.  Both  scalarif orm  and  simple  perforations 
have  been  observed  in  the  vessels.  The  wood-prosench5mia,  when  present, 
bears  simple  pits.  Where  formation  of  cork  takes  place  it  is  superficial. 
Four  types  may  be  distinguished  in  the  arrangement  of  the  vascular  bundles 
in  the  stem  (Fig.  169) :  I.  The  Saurureae  {SaururuSf  HouUuynia  and  Anemiopsis) 
have  a  normal  nng  of  vascular  bundles.  II.  The  stem  of  Verhuellia  only  contains 
a  single  vascular  strand,  which  is  concentric  in  structure.  III.  The  species 
of  Piper  (incl.  Heckeria  and  Macrapiper)  have  medullary  vascular  strands 
in  addition  to  a  peripheral  ring  of  bundles ;  the  peripheral  ring  is  characterized 
by  secondary  growth  by  means  of  a  cambium,  and  by  broad  primary  medullary 
rays,  and  is  separated  from  the  pith  by  a  sclerench3nnatous  ring ;  the  medullary 
bundles  in  most  cases  only  have  slight  growth  in  thickness,  and  are  arranged 
in  one  or  more  circles.  1 V.  In  P^eramia  the  vascular  bundles  are  scatt€sred 
in  the  ground-tissue  and  only  exhibit  slight  growth  in  thickness.  The  hairy 
covering  is  constituted  by  (a)  simple,  uniseriate  hairs;  (b)  small  structures, 
which  are  composed  of  a  limited  number  of  cells  and  resemble  glandular  hairs 
{Saururus^  P^eramia,  Piper);  and  (c)  unicellular  pearl-glands  (Piper);  a 
dense  hairy  covering  is  not  present  in  most  cases.  Oxalate  of  lime  is  generally 
excreted  in  the  form  of  small  acicular  crystals,  or  of  small,  sometimes  minute, 
sand-like  crystalline  bodies  of  varying  shape,  or  as  clustered  crystals ;  in 
Symbryon  clustered  crystals  are  found  in  the  epidermis  of  the  leaf,  whilst 
ordinary  large  solitary  crystals  occur  in  the  mesophyll.  The  following  ana- 
tomical features  are  of  value  for  special  diagnosis  in  this  Order  :  the  occurrence 
of  a  hypoderm  composed  of  a  varying  (often  large)  number  of  layers  on  the 
upper  side  of  the  leaf  (Piper ^  Saururus^  Anemiopsis,  and  especially  Peperomia) ; 
silidfication  of  epidermal  cells  in  the  leaf  (species  of  Piper) ;  papillose  differen- 
tiation of  the  epidermis  of  the  leaf  (Peperomia  marmorata) ;  varying  diffe- 
rentiation of  the  pericycle  and  of  the  layer  of  collenchyma  in  the  primary  cortex 
of  the  stem  in  the  species  of  Piper^  and  so  on. 

>  For  the  genns  LaetarUf  which  is  hiclnded  amongst  the  Piperaceae  by  Bentham  and  Hooker, 
see  Lactoridaceae,  p.  39. 
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2.  Structure  of  the  Leaf.  The  leaves  of  the  species  investigated  are 
bifadal  in  structure  in  all  cases.  The  stomata  (AnemiapsiSy  Peperomia^  Pip^, 
Saururus)  are  found  exclusively  on  the  lower  side  of  the  leaf » and  are  surrounded 
by  several  ordinary  epidermal  cells,  or  b^  a  rosette  of  subsidiary  cells  arranged 
according  to  the  Cruciferous  type  (species  of  P»^^  and  P^/)^(wtia,  according  to 
Benecke).  Beneath  the  upper  epidermis  of  the  leaf  a  hypoderm  of  one 
or  more  layers  has  been  observed  in  all  the  species  of  Peperomia  hitherto  in- 
vestigated (by  Treviranus,  Payen,  Pfitzer,  Beinling  and  Haberlandt),  in  Chavica 
nuu^iUata  (Treviranus),  in  Artanthe  colubrina,  Miq.  (Payen)  and  also  in  Saururus 
cemuusy  L.,  Piper  Khasianum^  C.  DC.,  P.  Zuccariniiy  C.  DC.*  and  Anemiopsis 
califomicaf  Hook,  et  Am.  (according  to  my  own  observation). 
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Pig.  166.  A,  Transverie  section  of  the  leaf  of  Ptptromia  inca$uiy  Dietr.  b,  Transverse  section  of  the  leaf  of 
P.  p^ruUmt/olia^  H.B.K.  c-D.  Hydathodes  of  P,  inoama,  B,  Pearl-glaod  of  Artanthg  sp.— b  after  Pfitser, 
B  alter  Nestfer,  the  remainder  onginaL 

The  hypoderm  of  the  genus  Peperomia  has  been  examined  in  some  detail  by 
Pfitzer.  llie  nimiber  of  component  layers  varies,  and  is  often  very  considerable ; 
in  P.  arifolia,  Mi^.,  the  hypoderm  consists  of  a  single  layer  of  cells  ;  in  P.  hlanda, 
H.B.K.,  of  1-3  ;  m  P.  incatia,  Dietr.  (Fig.  168,  A)<A  6-7  or  more  ;  in  P.  pereskiae- 
folia,  H.B.K.  (Fi^.  168,  B)  of  14-15  layers.  Qwin^  to  the  large  number  of  layers 
and  the  size  (which  is  often  considerable)  of  the  cells  m  the  inner  la3rers,  the  epidermis 
and  the  subjacent  hvpoderm  attain  such  dimensions  that  the  two  together  in  P.  incana 
are  thicker  than  the  whole  of  the  remaining  portion  of  the  fle&y  leaf,  whilst  in 
P.  magnoliaefolia,  Dietr.  and  P.  rubella^  Hook,  tiiey  exceed  it  several  times  in  thick- 
ness, in  P.  pereskiaefolia  seven  times.  According  to  Pfitzer,  the  h3rpoderm  in  Pepe- 
romia is  developed  from  a  single-layered  epidermis.  In  some  cases,  viz.  when  cell- 
division  and  growth  take  place  equally  in  tne  individual  layers  of  the  entire  integu- 
mental  tissue,  this  mode  of  oriein  can  still  be  recognized  in  the  mature  leaf,  the  cells 
of  the  epidermis  and  those  of  the  hypodermal  layers  being  arranged  in  rows  at  right 
angles  to  the  surface  of  the  leaf  as  seen  in  a  transverse  section  (P.  arifolia).  In 
P.  pereskiaefolia  all  of  the  numerous  hypodermal  cells  coincide  vertically,  whilst  the 


*  It  -may  be  mentioDed  here  that  the  conjecture  expressed  in  the  Kew  Index  that  Piper  Z$ucarinii 
might  be  a  species  of  Pothcs  has  become  untenable  since  the  finding  of  the  type-specimen  in  the 
Herb.  Monac 

ry 
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epidermis  consists  of  smaller  cells  in  consequence  of  secondary  vertical  divisions 
having  taken  place.  In  other  cases  (P.  incana)  this  arrangement  is  no  longer 
reco^;nizable ;  ue  outer  portion  of  the  hypoderm  consists  of  cells  with  small  lumina, 
the  inner  of  cells  with  larger  lumina.  The  hypodermal  cells,  in  agreement  with 
their  function  as  water-reservoirs,  have  contents  consisting  of  wateiy  cell-sap, 
rarely  including  a  few  chlorophyll-grains.  The  cell-walls  are  mostly  thin,  but  m 
P.  incana  they  are  thick  in  the  inner  layers  of  the  hypoderm ;  they  are  distinctly 
coUenchymatous  in  P.  magnoliasfolia. 

In  those  species  in  which  there  is  no  hjmoderm,  the  single-layered  epidermis 
of  the  leai  often  consists  of  large  cells.  Ine  spongy  tissue  also  takes  part  in 
the  storage  of  water  in  the  Peperomias^  and  consequently  contains  little  chloro- 
phyll.  Sderenchyma  has  been  observed  accompanvin^  the  vascular  bundles 
of  the  veins  in  the  genus  Symbryan  only.  The  f ollowmg  are  special  features 
in  the  structure  of  the  leaf :  silicification  of  the  ej^ermis  {Piper  colu- 
brinum.  Link,  P.  elongaium,  C.  DC.  and  P.  Betle,  L.  according  to  Engler» 
P.  hirsiUum,  Sw.  and  P.  Hoshnannianum^  C.  DC.  according  to  my  own  observa- 
tions) ;  papillose  difiPerentiation  of  the  epidermal  cells  on  both  sides  of  the 
leaf  in  Peperomia  marmorata  (Beinling) ;  spots  with  a  silvery  sheen  on  the  upper 
side  of  the  leaf  in  Peperomia  *argyracea,  Hort.  Bonn,'  (  — ?  P.  argyrea,  Hort.), 
these  being  due,  according  to  Pfitzer,  to  a  similar  cause  to  those  of  the  Begonias, 
i.e.  to  intercellular  spaces,  which  starting  from  the  palisade-tissue  penetrate 
between  tlie  inner  cells  of  the  hypoderm  and  extend  to  about  the  middle  of  this 
tissue ;  finally,  the  corky  excrescences  on  the  leaves  of  Peperomia  maculosa 
and  P.  obtusvfolia  (E.  Bachmann). 

The  hairy  covering  is  dense  in  rare  cases  only.  It  is  composed  of  clothing 
hairs,  small  glands  and  pearl-glands.  The  clothing  hairs  are  uniseriate,  of 
varjong  length,  and  have  wide  lumina.  Small  glands  have  been  observed  in 
species  of  Saururus,  Peperomia  (Fig.  168,  C-D)  and  Piper ;  they  consist  of  a 
basal  cell,  belonging  to  the  epidermis,  a  short  stalk-cell,  and  a  hemispherical, 
spherical  or  sac-like  terminal  cell,  which  in  the  last  case  frequently  Ues  upon 
the  surface  of  the  epidermis.  In  the  trichomes  in  question  either  no  secretion 
at  all  is  produced,  or  only  a  small  amount  is  iormed  beneath  the  cuticle  of 
the  tenmnal  cell.  As  Haberlandt  suggests,  they  probably  in  all  cases  serve  for 
the  excretion  of  water  (as  hydathodes),  or  at  least  for  the  absorption  of  water. 
The  pearl-glands  ^  (Fig.  168,  £),  first  observed  by  Meyen  ana  subsequenfly 
examined  more  thoroughly  especially  by  Penzig  and  Nestler,  only  appear 
temporarily  and  under  certain  conditions ;  they  often  have  the  form  of 
large  glistening  spherical  bodies  (i  mm.  or  more  in  diameter)  occurring  in 
moderate  numbers  on  all  the  aerial  parts  of  the  plant,  while  they  are  more 
numerous  on  the  stem  and  petiole.  They  consist  of  a  single  large  cell,  the 
narrow  base  of  which  is  inserted  in  the  epidermis.  Owing  to  the  abundance  of 
plastic  nutritive  substances  (proteid  and  fatty  oil)  which  they  contain,  the  readily 
deciduous  pearl-glands  are  re^rded  biologically  as  small  food-bodies. 

The  usual  form  of  excretion  of  oxalate  of  lime  in  this  Order  {SaururusJ 
Peperomia,  Piper  with  Macropiper,  and  Heckeria)  is  constituted  by  small 
acicular  crystsus,  sometimes  (Piper  peUatum,  L.)  resembling  raphides,  and  small 
crystalline  bodies  of  a  different  shape,  sometimes  even  so  finely  divided  as 
to  be  like  sand.  In  addition  to  these  crystalline  elements,  which  occur  in  all  parts 
of  the  plant,  and  are  frequently  found  in  extraordinary  abundance,  clustered 
crystals  are  present  in  the  axis  (pith  and  primary  cortex)  of  Saururus  cemuus, 
L.,  and  in  the  mesophyll  of  the  Peperomias.     The  genus  Symbryon  differs 


*  The  pearl-glands  are  described :  by  Meyen  in  Piper  spurium;  by  De  Bary  in  P.  nigrum, 
Enckea  glaucescens  and  ArtaniJu  elangata\  by  Nestler  in  Artanthe  ^ cordifoHa*  Miq*  {^\A. 
c9rmfoHa,  Miq.). 
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from  the  other  members  of  the  Order  in  the  features  presented  by  its  crystab  : 
the  veins  of  the  leaf  of  5.  tdrastachyum^  Griseb.  contain  ordinary  large  solitary 
crystals,  which  have  not  been  observed  elsewhere  in  the  Order,  whilst  both  the 
upper  and  lower  epidermis  include  small  cells  mostly  united  in  groups,  and 
filled  with  small  clustered  crystals. 

Two  kinds  of  internal  secretory  organs  are  found  in  the  Piperaceae,  viz, : 
(a)  secretory  cells,  occurring  in  the  leaf  and  axis,  and,  in  the  former,  giving, 
rise  to  transparent  or  opaque  dots,  according  to  the  nature  of  the  secretion, 
and  (b)  mucilage-canals,  which  only  occur  in  the  axis.  The  secretory  cells 
have  been  shown  by  Bokomy  to  occur  in  the  leaf  of  numerous  species  of  Sau- 
rums^  Piper  and  Peperamia,  and  according  to  my  own  observations  they  are 
also  present  in  the  monotypic  genus  Zippaia  and  in  Anemiopsis  {A.  caUfomica^ 
Hook.) ;  they  are  wanting  in  Symbryon  only  ^  In  the  leaf  the  secretory  cells 
appear  in  the  various  tissues,  e.g.  in  Piper  Hosimannianum,  C.  DC.  and  P. 
hirsfdum,  Sw.  in  the  mesophyll  only,  in  Saururus  cernuus^  L.  in  the  mesophyll 
and  iiu  the  lower  epidermis  of  the  leaf,  in  Anemiopsis  califamica^  Hook,  in  tiie 
mesophyll  and  in  both  the  upper  and  lower  epidermis.  In  the  axis  they  occur 
in  the  pith,  bast  and  primary  cortex.  The  secretory  cells  mostly  have  a  spherical 
shape.  Their  walls  are  suberized,  and  their  contents  are  generally  clear,  more 
rardy  (in  the  *  folia  ni|;ro-punctata'  of  Peperomia  melanosiigpna,  Miq.,  P.  nigra- 
punctata^  Miq.  and  P.  Jnrsidum,  Sw.)  of  a  brown  colour.  There  are  other  elements 
which  must  not  be  confounded  with  these  spherical  brown  cells  which  replace 
the  clear  secretory  cells,  viz.  cells  filled  with  brown  contents  but  not  differing 
from  the  ordinary  cells  of  the  mesophyll  in  shape ;  such  cells  may  be  observed, 
for  example,  in  the  dried  leaf  of  Piper  cemuum^  Veil,  and  Saururus  cemuus,  L. ; 
in  tiie  living  leaf  their  contents  (at  least  in  Saururus)  are  dear  and  strongly 
refractive.  Mudlage-canals  have  only  been  observed  in  spedes  of  Piper 
{ArUnUhe  Zacuapana,  *  Cham,  et  Schlecht/^Pti^^r  iiliaefoUumj  Cham,  et 
Schl.  according  to  Debray,  Piper  Huminense^  C.  DC.  according  to  H.  Schenck, 
and  £.  Carpunya,  R.  et  P.,  P.  Khasianum,  C.  DC.,  P.  nepalense,  Miq.,  P. 
nigrum,  L.  and  P.  Zuccarinii,  C.  DC,  according  to  my  own  investigation). 
Either  one  or  several  of  them  occur  in  the  pith;  they  have  wide  lumina,  and 
without  doubt  have  a  lysigenous  origin. 

3.  Structure  of  the  Axis.  In  the  structure  of  the  axis,  which  has 
been  examined  especially  by  C.  de  Candolle,  J.  £.  Weiss  and  Debray,  we  may 
distinguish  four  types,  requiring  separate  description. 

iht  first  type  is  found  in  the  genera  Saururus,  HouUuynia  smd  Anemiopsis, 
which  are  members  of  the  tribe  Saurureae  ;  in  this  t  vpe  a  normal  ring  of  vascular 
bundles  is  present.  The  bundles  lie  isolated  in  the  parenchvmatous  ground- 
tissue  of  the  stem,  and  are  as  a  rule  about  equidistant  from  the  centre ; 
but  in  tiie  case  of  Saururus  those  bundles  which  are  the  next  to  bend  out 
into  the  leaves,  project  a  httie  further  towards  the  exterior  of  the  transverse 
section. 

As  an  example  of  this  type  the  stem-structure  of  Saururus  eemuus,  L.  may  be 
described  in  somewhat  greater  detail  In  this  plant,  which  grows  in  marshy  locali- 
ties, the  pith,  containing  numerous  rather  large  intercellular  spaces,  is  surrounded 
by  a  ring  of  vascular  bundles  ;  these  bundles  may  be  shortiv  described  as  embedded 
in  a  ring  of  sderench3nnatous  fibres.  Thus  each  vascular  bundle  is  surrounded  by 
a  ring  of  sclerenchyma,  thicker  on  the  outer  than  on  the  inner  side  of  the  bundle, 
and  tiie  outer  parts  of  these  sderenchymatous  rings  are  connected  with  one  another 
by  narrow  bridges  of  the  same  tissue.  The  xylem  in  the  vascular  bundles  of  Saururus 
consists  of  primary  tracheae,  pitted  vessels  and  lignified  parenchyma ;  the  pitted 

>  Secretory  edit  are  present  In  the  three  species  of  JHper  (F,  aurttum,  H.B.K«,  A  cerrmuni^ 
Veil,  and  P.  JSncJkea,  C  DC),  in  which  Bokorny  states  that  they  are  absent. 
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vessels  attain  a  diameter  of  •075  mm.,  and  exhibit  scalariform  perfOTatioos  with  many 
ban ;  they  bear  scalaritom  bordered  pits  where  they  are  in  contact  with  other 
vessels,  and  relatively  large  simple  |Mt8  m  contact  with  parenchjrma.  Certain  por- 
tions of  the  primary  cortex  show  rather  large  intercellular  spaces. 

VerkudUa  belong  to  the  second  type.  Although  it  is  not  aquatic, 
this  genus,  like  certain  dicotyledonous  water-plants,  possesses  only  an  axile 
strand,  sympodial  in  structure  and  consisting  of  weak  and  very  closely  approxi- 


Fia  169.  A-»,  Pi^  Otrfmmya, 
R.  et  P. :  A,  TraMverae  lectiaa  of  the 
yoann^  atem ;  B,  Foftion  of  a  trantvene 
aectioo  of  the  atem  after  the  oom- 
mencement  of  growth  in  thkkneas. 
c,  Tnuuverae  srction  of  the  Tomng 
atem  of  P,  Jbtmimmtt^  C.  DC.  d, 
Transvene  section  of  the  stem  of  A^ 
pfromia  imcan^  Dietr.— c  after  H. 
Schenck,  the  reniaittder  original. 


mated  leaf-traces,  which  are  fused  longitudinally.    The  axile  strand  appears 
to  be  concentric,  according  to  Schmitz^  brief  statements. 

The  tldrd  type  (Fig.  169,  ^4-5)  is  constituted  by  the  genus  Piper  in  the  wider 
sense,  including  Heckeria  and  Macropiper.  In  this  case  two  kinds  of  vascular 
bundles  are  present.  The  one  kind  forms  a  peripheral  circle,  in  which  the  bundles 
are  distinct  from  one  another  in  the  young  stem  (Fig.  169,  A ),  and  are  applied  to 
a  sclerenchymatous  SIbne  IhAitlng' the  pith  extemaUy  and  generally  having  an 
\mdulated  T:ourse ;  after  the  commencement  of  activity  of  the  cambial  ring 
(Fig.  169,  B)  these  bundles  grow  in  thickness  and  become  separated  from  one 
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another  by  broad  primary  medullary  rays.  Those  of  the  second  kind  are 
medullary  vascular  bundles,  which  he  isolated  in  the  pith  and  are  arranged 
more  or  less  distinctly  in  one  or  more  rings ;  as  a  rule  Aey  only  exhibit 
a  limited  growth  in  thickness  by  means  of  strips  of  cambimn  of  the  same 
breadth  as  the  vascular  bundles. 

The  following  statements  regarding  the  detailed  structure  of  the  stem 
of  Piper  may  be  quoted  (chiefly  from  J .  E.  Weiss).  The  formation  of  cork  takes 
place  in  the  epidermis  (P.  Carpunya,  R.  et  P.,  Chavica  Roxburghii,  Miq.),  or  in 
the  outermost  cell-layer  of  the  primary  cortex  {ArtatUke  *  cardifoUa^'  Mi<}./ 
Piper  buUatum^  Vahl,  P.  ^eniculaium,  Sw.).  The  primary  cortex  contams 
either  a  coUendiymatous  nng  or  isolated  bundles  of  coUenchyma.  In  certain 
species  (Piper  bmaium^  P.  geniculaium^  P.  peltaium,  L.)  the  coUenchjona  retains 
its  character,  even  in  the  older  branches  ;  in  others  sclerenchymatous  fibres  in 
varying  numbers  develop  in  the  collenchyma  (Artanthc  cornifolia^  Chavica 
Bette^  L.»  C.  Roxburgkii,  Piper  Bredemeyeri^  J&cq-)»  01^  ^^  whole  of  the  coUen? 
chyma  becomes  transformed  into  a  ring  of  sderenchymatous  fibres  (Piper 
Carpunya^  P.  rivinoides^  Kth.),  which  subsequently  becomes  ruptured  in  the 
course  of  growth  in  thickness.  In  the  older  branches  of  Piper  nigrum^  L.  I  found 
isolated  bundles  of  sclerenchymatous  fibres,  which  were  to  some  extent  united 
by  sclerosed  parenchyma.  The  innermost  portion  of  the  primary  cortex  is 
formed  by  an  endodcxmis,  which  either  surrotmds  the  entire  peripheral  ring 
of  vascular  bundles  (Artanihe  carnifolia^  Chavica  BeOe^  Sec),  or  is  only  developed 
in  contact  with  the  bast  of  the  btmdles  (Piper  Carpunya .  Towards 
the  pith  the  peripheral  ring  of  bundles  rests  agsunst  the  inner  scleren- 
chymatous sheath  mentioned  above  ;  this  sheath  is  either  entirely  composed 
of  sclerenchymatous  fibres,  or  is  parenchymatous  opposite  the  primary  medullary 
rays ;  it  is  continuous  in  the  young  branch,  but  becomes  split  up  into  fragments 
after  the  commencement  of  growth  in  thickness.  Corresponding  to  this  inner 
sheath  there  is  frequently  a  sclerenchymatous  layer  at  the  outer  margin  of 
the  groups  of  bast ;  it  is  either  developed  in  the  form  of  semilunar  bundles  of 
fibres  united  into  a  ring  by  groups  of  sclerosed  parenchymatous  cells  (Piper 
nigrum)^  or  it  is  represented  by  semilunar  groups  of  hard  bast  alone  (Artanthc 
camifoUa,  Chamca  Betle,  &c.)  or  by  a  few  bast-fibres  (Piper  Carpunya,  &c.), 
whilst  in  Piper  huUaium,  for  example,  it  is  absent.  The  ^owth  of  the  peripheral 
zone  of  vascular  bundles  takes  place  by  means  of  a  cambial  ring,  which  produces 
primary  meduUary  rays,  10-16  ceUs  in  breadth,  between  the  bundles ; 
these  medullary  rays  traverse  the  intemodes  in  the  form  of  longitudinal 
plates  and  are  composed  of  cells  only  slightly  elongated  in  the  vertical 
direction.  The  xylem-portions  of  the  vascular  bundles,  apart  from  the 
primary  tracheae,  which  are  enclosed  in  thin-walled  parenchyma,  consist 
chiefly  of  the  following  elements :  (a)  pitted  vessels,  ha^ong  mostly  simple, 
more  rarely  (according  to  Debray)  also  scalariform  prorations  with  few  baurs ; 
(b)  wood-prosenchyma  bearing  simple  pits,  and  sometimes  septate  by  means 
of  thin  transverse  walls  ;  and  (c)  secondary,  generally  broad,  medullary  rays 
(of  the  Aristolochia-ty^).  The  medullary  vascular  bundles  are  embedded 
in  a  thin-walled  pith  and  are  of  the  nature  of  leaf-traces  ;  they  are  collateral 
in  structure,  and  their  wood  and  bast  are  generally  normally  orientated.  They 
are  either  arranged  in  a  single,  more  or  less  regular  ring  (Piper  Br&demeyeri 
Chamca  BeUe,  &c.),  or  in  two  (Piper  genicukUum)  or  even  more  rings  (P.  buUaiutn 
with  about  25  vascular  bundles  in  the  pith).  The  xylem  in  these  bundles 
has  the  same  composition  as  that  of  the  peripheral  bundles  ;  groups  of  scleren- 
chymatous fibres  are  frequently  developed  at  the  inner  margin  of  the  xylem 

'  No  doubt  ArUmike  c^rmUUa,  Miq.  is  the  plant  referred  to.     The  inoorrect  name  ^A^  c^nH- 
foHa '  fleenu  to  be  widely  spread  in  gardens  (d  footnote,  p.  690). 
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and  at  tbe  outer  margin  of  the  bast.  The  growth  in  thickness  of  these  bandies 
is  often  very  considerable  (especially  in  P.  genicutatum  and  Chavica  fntsirata, 
Mjq.). 

According  to  H.  Schenck,  the  stem-stmctime  oiPiperfluminense^  C  DC  deviates 
Bomewhat  from  that  of  the  other  species  of  the  genus.  The  young  stem  (Fig.  159,  C) 
has,  as  its  essential  featore,  two  rings  of  vascolar  bundles,  of  which,  cnrionsly  enough, 
the  bmuOes  compoong  tiie  peripheral  ring  and  resting  against  the  sderaDchyma 
are  very  small,  while  the  bundles  forming  the  medullary  ring  are  much  larger. 
In  the  older  stem  (5  cm.  in  diameter)  the  bundles  of  both  rings  are  found  to  have 
grown  in  thickness  individually,  even  the  peripheral  bundles  growing  by  means  of 
cambial  strips,  which  do  not  unite  to  form  a  ring. 

Tbe  genus  Peperomia  belongs  to  the  fourth  tjrpe,  in  which  the  vascnlar 
bundles  are  scattered  in  the  groond-tissne  (Fig.  169,  Z>).  Regarding  the  detailed 
stroctnre  of  the  stem  of  PeperomiOf  the  f  oUowing  statements  may  be  made  on 
the  anthori^  of  J.  E.  Weiss  and  from  iny  own  investigation  of  P.  cartkagi- 
nensis,  CDC.  The  epidermis  is  simple  {P.  rubella),  or  consists  of  two  layers 
(P.  variegaia,  R.  et  P.  &c.).  The  cork  arises  in  the  epidermis  ;  when  the  latter 
consists  of  two  layers,  the  cork  develops  in  the  outer  layer  (P.  cartkaginensiSf 
P.  variegaia).  Collenchymatous  tissue  is  very  strongly  developed  at  a  depth 
of  a  few  layers  of  cells  beneath  the  epidermis.  This  is  followed  intemallv 
by  parenchs^matous  ground-tissue,  in  which  the  vascular  bundles  are  embeddeo. 
Tue  number  and  mode  of  arrangement  of  the  bundles  varies.  Their  distribu- 
tion is  sometimes  rather  irregular^  in  other  cases  one  can  distinguish  two  or 
more  rings  of  bundles ;  when  two  of  these  are  present,  the  bundles  composing 
them  alternate  in  the  transverse  section.  The  Dundles  are  generally  collatersu 
in  structure,  and  their  wood  and  bast  is  normally  orientated.  They  are  either 
of  equal  size,  or  the  outer  (P.  incana,  Dietr.)  or  inner  bundles  (P.  bracky- 
phyua,  Dietr.)  are  the  larger;  in  P.  verticillata,  Miq.  there  is  a  very  laige  central 
vascular  bundle,  which  has  concentric  structure  (with  central  x;^em)  and 
may  perhaps  have  arisen  by  the  fusion  of  several  bimdles.  The  bundles  are 
commonly  provided  with  an  endodermis,  which  either  surrounds  the  whole 
bundle  {P.  obtusifolia,  Dietr.,  &c.)  or  only  forms  a  semicircle  on  the  outer  side 
of  the  bast  (P.  urocarpa,  Fisch.  et  Mey.,  &c.);  in  other  species,  such  as 
P.  amplexifoUa,  Dietr.,  &c.,  the  endodermis  is  absent.  There  are  no  scleren- 
chymatous  elements  in  the  vascular  bundles.  The  bast  is  sometimes  coUen- 
chymatous  (P.  variegaia,  R.  et  P.) ;  the  xylem  consists  of  unlignified  paren- 
chyma and  vessels.    There  is  only  slight  growth  in  thickness. 


and  6  Tab.  and  in  DC.  Prodr.  xvi,  i,  i860,  p.  235 ^  et  seq.— Pfitzer,  Mehnch.  Epid.  etc.,  Pring^idm 
Jahrb.,  Bd.  tiU,  1871-a,  pp.  26-31  and  Tab.  vi.^Schimtz,  Fibroyasalayst  d.  P.,  Din.,  1871  and 


y^kitilKa,  Floia  1872,  p.  4o8«»T.  £.  Weisa,  Wachstumsverh.  etc  d.  P.,  Flora  1876,  p.  321  et  seq. 
and  Tabb  xi-ziL—De  fiarv,  VergL  Anat..  1877 ;  here  on  p.  260,  footnote  2,  further  older  litera- 
tnie.-»E.  Bachmann,  Korkwncfa.,  Pringsneim  Jahrb.,  Bd.  zii,  1879-81,  p.  203  et  leq.— Beinling, 
Anat  d.  Lanbbl.  n.  wore  von  Feptromia,  Cohn,  Beitr.  z.  Biol.,  Bd.  iii,  Heft  i,  1879,  pp.  32-7  and 
Tab.  It.— Zacharias,  in  Bot  Zeit  1879,  P-  624.~Bokon)7,  Dozchs.  P.,  Flora  1882,  p.  365  et  aeq. 
and  lep.  copy,  pp.  22-3.— Morot,  Pericyde,  Ann.  tc  nat,  s^.  6,  L  xx,  1885,  p.  268^— Solereder, 
Holzstr.,  1880, jpp.  223-4.'— Debray,  Caract.  anat.  et  parconn  des  £tisc.  fibro-vaac.  d.  P.,  Paris 
(O.  Doin),  1880,  X07  pp.  and  x6  pi.;  abstr.  by  Sanio,  in  Bot.  Centialbl.  1886,  ii,  pp.  136-60.— 
Soleieder,  Sekretz.  bet  Sm  P.,  Engler,  Bot.  Jahrb.,  Bd.  x,  1887,  pp.  50^11.— Benecke,  in  Bot.  Zeit. 
1892,  p.  555  et  leq.— Honlbert,  Bois  lec.  dans  les  Ap^tales,  Thte,  Pans,  1893,  pp.  55-62.— Nestler, 
Perldziisen  von  Artantke  cordifoHa,  Miq.,  Oesterr.  bot  Zeitschr.  1893,  pp.  332  and  386  et  aeq., 
Tab.  xri.— Pen^  Perldriisen,  Report  of  Consiesa,  Genoa,  1893,  p.  237  et  seq.  and  Tab.  xv. — 
H.  Schenck,  Anat.  d.  Lianen,  1893,  pp.  42-e  and  Tab.  i.— Engler,  in  Naturl.  Pflansenfam.,  ilL  Teil, 
AM.  1  (1894),  pp.  I  and  4-5.-"Haberiandt,  Trop.  Lanbbl.  ii,  Sitz.-Ber.  Wiener  Akad.,  Bd.ciii, 
Abt  1, 189^  o.  K2I  et  seq.  and  Tab.  iii.— Virchow,  Blattzahne,  Archiv  d.  Pharm.  1896,  sep.  copy, 
P*  ^^'-^U'i^mwm,  Anat  stnd.  ofver  sydamerik.  Peperomier,  Diss.,  Upsala,  1898,  99  pp.,  a  Tab. J 
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CHLORANTHACEAE. 

This  Order  is  distinguished  anatomically  by  the  following  characteis : 
the  possession  of  secretory  cells ;  the  exceptionally  numerous  bars  in  the  per* 
forations  of  the  xylem-vessels ;  normal  stem-structure ;  the  absence  of  a  hairy 
covering  and  the  lack  of  a  special  type  of  stoma.  The  two  genera  CUaran- 
thus  and  Hedyosmum  (the  third  genus  Ascarina  has  not  been  investi^ted) 
may  be  distinguished  by  the  pitting  of  the  wood-prosenchyma,  which  is 
tj^cally  bordered  in  Chlaranihus,  but  simple  in  Hedyosmum^  as  well  as  by  the 
occurrence  (Hedyosmum)  or  absence  (CUoranihus)  of  mucilage-canals  at  the 
margin  of  the  pith. 

The  secrcicry  cella  were  first  observed  by  Blenk,  according  to  whom  they 
frequently  give  rise  to  transparent  dots  in  the  leaf.  In  the  leaf,  as  far  as  I  am 
aware,  they  are  only  present  in  the  mesophyll,  never  in  the  epidermis.  They 
are  also  found  in  the  cortex  and  pith  of  the  axis.  They  are  spherical  in  shape 
and  have  a  suberized  membrane.  They  have  been  shown  to  occur  in  the  two 
genera  Chlarantkus  and  Hedyosmum  and  will  probably  also  be  foimd  in 
Ascarina,  since  the  plants  of  this  genus  are  described  as  aromatic. 

Secretory  orgams  of  a  different  kind,  viz.  the  mudlage-canala  ^  referred  ta 
above,  occur  onlv  in  the  species  of  Hedyosmum.  I  have  met  with  these  canals 
at  the  margin  of  the  pith  in  H.  brasUiense^  Mart.,  H.  glabratum,  H.B.K.  and 
H.  racemosum,  Don,  and  in  a  similar  position  in  the  petiole  of  H,  arborescens, 
Sw. ;  they  appear  in  the  form  of  wide  intercellular  spaces,  which  are  elliptical 
in  transverse  section  and  are  apparently  of  schizogenous  origin.  Their  contents 
consist  of  mucilage,  which  in  H.  brasUiense  encloses  sphaerocrystalline  masses ; 
the  latter  are  insoluble  in  hot  water,  alcohol  and  ether,  but  readily  soluble 
in  hydrochloric  acid. 

I  have  examined  the  structure  of  the  leaf  in  Hedyosmum  brasUiense,  Marf., 
H.  arborescens,  Sw.  and  Chhranihus  brachystachys,  Bl.  In  these  species  it  is 
bifacial,  though  typical  palisade-parenchjnna  composed  of  long  cdb  does  not 
occur.  The  latter  is  replaced  by  short-celled  arm-palisade  (of  Haberlandt). 
The  spongy  tissue  has  large  intercellular  spaces.  The  stomata  are  only  found 
on  the  lower  side  of  the  leaf,  and  no  definite  type  of  stoma  is  evident.  But 
in  H.  arborescens  the  neighbouring  cells  are  marked  by  their  arrangement  in  a 
rosette,  and  in  ChloranAus  brachystachys  one  or  two  subsidiary  cdls,  parallel 
to  the  pore,  may  be  seen  here  and  there.  In  H.  arborescens  there  is  a  single 
layer  of  hypoderm  beneath  the  epidermis  on  the  upper  side  of  the  leaf.  'Die 
vascular  bundles  of  the  veins  are  provided  with  a  sderenchjmmtous  sheath« 

The  structure  of  the  wood  has  been  examined  in  Hedyosmum  brasUiense, 
Mart.,  H.  arborescens,  Sw.,  H.  racemosum,  Don,  Chloranthus  brachystachys,  Bl.  and 
C  officinalis,  Bl.  The  medullary  rays  of  the  wood  are  occasionally  very  broad 
(e.g.  in  H.  brasUiense),  in  other  cases  less  so  ;  their  cells  are  always  consiaerably 
elongated  in  the  vertical  direction.  The  diameter  of  the  vessels  is  not  ^eat 
(reaching  -045  nmi.) ;  in  branches  of  CUoranihus  brachystachys  from  herbanum- 
material  the  pitted  vessels  are  confined  to  the  neighbourhood  of  the 
primary  wood.  Scalariform  perforations,  with  very  numerous  bars,  are 
highly  characteristic  of  the  Chloranthaceae  ;  in  H,  brasUiense  and  H.  racemosum 
as  many  as  100  bars  may  be  counted  on  the  same  perforation.  In  contact 
with  parenchyma  the  walls  of  the  vessels  are  furnished  with  bordered  pits. 
The  wood-prosenchjnna  bears  typical,  large  bordered  pits  in  Chloranthus,  whilst 
in  Hedyosmum  the  elements  of  this  tissue  have  simple  pits,  and  are  frequently 
provided  with  delicate  transverse  walls. 

In  order  to  be  able  to  add  some  information  regarding  the  structure  of 

^  Ehgler's  statement,  that  the  species  of  Iledyesmum  are  characterized  by  gelatinization  of  their 
mednUaiy  tissue,  is  inaccurate. 
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the  cortex,  I  examined  the  latter  in  Chloranthus  brackystachys  and  Hedyosmum 
brasUiense.  No  formation  of  cork  was  observed.  In  Chloranthus  brachysiachys 
the  outer  limit  of  the  bast  is  formed  by  a  composite  and  continuous  scleren- 
chymatous  ring  composed  of  groups  of  bast-fibres  and  of  sclerosed  parenchy- 
matous cdls  with  wide  lumina ;  m  H.  brasUiense  isolated  groups  of  sderen- 
chymatous  fibres  alone  occur  in  this  region.  In  this  species  the  outer  portion 
of  the  primary  cortex  is  difierentiated  as  typical  collenchyma,  and  the  epidermis 
is  subpapillose. 

The  occurrence  of  silicified  groups  of  cells  in  the  leaf  of  H.  brasUiense 
and  H.  arborescens  deserves  special  notice.  The  silicification  involves  a  group 
of  epidermal  cells  and  the  mesophyU-cells  lying  beneath  them.  Similar  silicified 
ceUs  have  also  been  observed  in  the  cortex  of  aedyosmum  brasUiense  in  the  neigh* 
bourhood  of  the  primary  groups  of  hard  bast.  Crystalline  elements  were 
entirdy  al^ent  in  the  leaves  examined.  In  the  pith  and  the  inner  portion 
of  the  primary  cortical  parenchyma  of  H.  brasUiense  numerous  small  dustered 
crystals  were  observed,  but  nowhere  else. 

Liteimtnre:  Moller,  Holzanat,  Denkschr.  Wiener  Akad.  1876,  pp.  19  and  3i5.^Blenky  Dnrdis. 
P.,  Flora  1884,  p.  37a  and  sep.  copy,  p.  84.— Solereder,  Holzstr.,  1885,  pp.  a34-5.^£Qgier,  in 
NatOrl.  Pflanzcnfam.,  Hi.  Teil,  Abt  i,  p.  12. 

MYRISTICACEAE. 

The  following  anatomical  features  are  characteristic  of  this  Order :  secretory 
cells  ;  the  excretion  of  oxalate  of  lime  in  the  form  of  small  acicular  crystals, 
which  are  accompanied  by  clustered  crystals  ;  the  absence  of  glandular  hairs  ( ?), 
and  the  occurrence  of  extremely  characteristic  trichomes,  resembling  stellate 
hairs  and  composed  of  one-  or  two-armed  cells  ;  stomata  with  two  subsidiary 
cells,  arranged  parallel  to  the  pore  ;  the  tendency  to  the  formation  of  scalarif orm 
perforations  in  the  vessels ;  the  simple  pitting  of  the  wood-prosenchjncoa ;  the 
sup^cial  formation  of  cork ;  the  occurrence  of  isolated  groups  of  hard  bast 
in  the  pericyde,  and  the  development  of  secondary  hard  bast. 

The  secretory  cells,  which  like  those  of  the  preceding  Orders  frequently 
give  rise  to  pelludd  dots  in  the  leaf,  have  been  shown  by  Blenk  to  occur  in  the 
leaf  of  a  large  number  of  species.  They  are,  however,  also  found  in  the  axis, 
being  situated  in  the  pith,  bast  and  primary  cortex.  The  secretory  cells  of 
the  leaf  never  occur  in  the  epidermis,  but  are  restricted  to  the  mesophyll ; 
where  they  occur  in  the  palisade-parenchyma,  they  are  mostly  found  only  in 
the  inner  layer  of  this  tissue,  though  exceptionally  (Iryanlhera  macrophyUa, 
Warb.)  they  may  lie  immediately  beneath  the  upper  epidermis.  The  secretory 
ceUs  are  spherical  in  shape ;  their  contents  are  semi-fluid  in  some  cases,  whilst 
they  are  solid,  crystalline  and  doubly  refractive  in  others.  The  colour 
of  me  secretion  may  be  either  yellow  or  reddish,  in  a  few  cases  deep  brown, 
or  almost  black.  In  some  species  the  secretion  had  entirely  or  partially 
disappeared  in  herbarium  material.  When  treated  microchemically,  ihe  walls 
of  the  secretory  ceUs  in  the  leaf  of  Myristica  officinaliSy  Mart,  show  distinct 
differentiation  into  an  outer  suberized  and  an  inner  cdlulose  lamella.  In 
M.  Horsfieldii,  Bl.  {^Horsfieldia  Iryaghedhi,  Warb.)  and  Af.  Vrieseana^  Miq. 
(mmH.  Irya^  Warb.),  according  to  Blenk,  the  membranes  of  the  secretory  cells 
in  the  leaf  are  strongly  thickened  and  gelatinized  ;  in  water  they  swell  up  to 
such  an  extent  that  they  appear  to  dissolve,  and  in  this  way  the  resinous  contents 
are  forced  out  of  the  secretory  cells  *. 

^  For  infonnation  regarding  the  tecretory  celb  occnrring  in  other  parts  of  the  plant  tee  Voigt, 
Ban  XL  Entwickl.  d.  Samen  n.-  Samenniantels  Ton  Afyristica  fragram.  Diss.,  Gottingen,  1885 ; 
Tiehirch,  Inhaltwt  dea  Arillus  von  Myristica  froffrans^  Ber.  dentidi.  hot  GeaelUch.  1888,  p.  138 
et  teq.  and  Warburg,  Mon<^.,  loc.  cit. 
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In  many  members  of  the  Order,  besides  the  secretory  cells,  there  are 
elongated  sacs  having  brown  or  red  tanniniferous  contents  and  occurring  at  the 
margin  of  the  pith  and  in  the  secondary  bast  of  the  branch,  as  well  as  in  corre- 
sponding positions  in  the  veins  of  the  leaf ;  these  elements  are  generally  dis- 
tinguished from  the  neighbouring  cells  by  haying  larger  lumina,  and  they 
recall  the  well-known  tannin-sacs.  In  the  living  plant  their  contents  are 
aqueous  or  bright  yellow,  but  become  red  on  exposure  to  the  air. 

I  have  examined  the  leaf*8tracture  especially  in  Virola  officinalis^  Warb., 
and  a  few  statements  on  this  subject  have  also  been  made  by  Blenk,  Prantl 
atid  Warburg.  In  the  species  just  mentioned  the  leaf  has  bifacial  structure,  and 
the  palisade-tissue  consists  of  several  layers  of  long  cells.  The  epidermal  cells 
on  lx>th  sides  of  the  leaf  have  small  polygonal  outlines.  H3qxxlerm  is  mentioned 
by  Warbmrg  as  occurring  on  the  upper  side  of  the  leaf  in  Dialyanihera.  Accord- 
ing to  Blenk,  the  lower  epidermis  of  the  leaf  commonly  exhibits  a  more  or  less 
papillose  differentiation.  According  to  mv  own  observations,  distinct  papillae 
are  found  in  Virola  officifudis^  whilst  in  V.  sebifera^  Aubl.  the  lower  epidermal 
cells  are  merely  arched  outwards.  In  V.  officinalis  and  V.  sebifera  the  stomata 
are  confined  to  the  lower  surface  of  the  leaf  ;  in  both  species  a  single  subsidiary 
cell  is  placed  paraUel  to  the  pore  on  either  side  of  the  pair  of  guard-cells.  In 
V.  officinalis  the  smaller  veins  show  a  tendency  to  be  verticafly  transcurrent 
by  means  of  unlignified  tissue ;  no  sclerench)ana  is  developed  in  connexion 
with  them,  and  the  same  applies  to  the  larger  veins.  Warburg  describes 
sclerenchymatous  fibres,  running  irregularly  through  the  mesophyll,  in  the  genus 
Gymnacranihera^  and  branched  spicular  cells,  frequently  of  stellate  form,  in 
species  of  Iryanihera,  especially  /.  macrophyUa^  Warb. 

The  foUowing  statements  regarding  the  structure  of  the  wood  arie  based 
on  Warbmrg's  work  and  on  my  investigation  of  Virola  officinalis  and  V,  sebifera. 
The  medullary  rays  are  narrow,  being  from  one  to  two  cells  in  breadth.  The 
vessels  are  for  the  most  part  arranged  radially  in  the  transverse  section  of  the 
axis,  and  attain  a  disuneter  of  '06— i  mm.  The  perforations  of  the  vessels  are 
chiefly  scalariform  with  1-8  bars,  but,  besides  these,  simple,  elliptical  or 
circular  perforations  are  also  present.  In  contact  with  parenchyma  the  vralls 
of  the  vessels  show  all  transitions  from  large  simple  pits  to  bordered  pits. 
The  wood-parenchyma  is  scantilv  developed ;  the  wood-prosenchyma  bears 
simile  pits  and  is  locally  septate  by  means  of  delicate  transverse  wails. 

The  structure  of  the  cortex  has  been  examined  by  Moller  in  rather  old 
portions  of  the  bark  of  7.  sebifera^  and  by  me  in  branches  from  herbarium- 
material  of  7.  officinalis.  The  cork  arises  superficially  in  V.  officinalis,  viz. 
in  the  second  layer  of  the  primary  cortex,  and  includes  cells  sclerosed  on  one 
side.  In  the  same  species  the  outer  limit  of  the  bast  is  occupied  by  isolated 
groups  of  primary  bast-fibres.  In  the  inner  portion  of  the  primary  cortex 
there  are  groups  of  lignified  cells  corresponding  in  position  to  the  interspaces 
between  the  groups  of  bast-fibres  just  mentioned,  llie  occurrence  of  secondary 
hard  bast  is  especially  noteworthy,  and  could  be  determined  even  in  herbarium- 
material  of  V.  officinalis.  In  older  specimens  of  the  cortex  (V.  sebifera)  the 
secondary  groups  of  bast-fibres  combined  with  stone-cells  give  rise  to  a  concen- 
tric stratification  of  the  bast.  Moller  states  that  in  the  sieve-tubes  of  V.  sebifera 
the  sieve-plates  are  not  found  on  the  end-walls  of  the  segments,  but  on  their 
longitudinal  walls ;  it  remains  to  be  determined  whether  this  is  the  case  in 
all  the  members  of  this  Order.  Tannin  is  present  in  some  abimdance  in  the 
cortex. 

Oxalate  of  lime  is  excreted  chiefly  in  the  form  of  small  acicular  cr^tals, 
and  these  occur  in  abundance  in  the  cortex  of  the  stem  and  in  the  veins  of 
the  leaf.  In  addition  to  these,  clustered  crystals  are  present  in  the  leaf  in 
many  species,  being  mostly  enclosed  in  rather  large  subepidermal  cells. 
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MYRISTICACEAE 


The  hairy  covering  of  the  Mjnisticaceae  (Fig.  170)  is  of  a  very  peculiar 
type»  the  hairs  being  generally  described  by  systematists  as  of  .the  stellate 
form ;  Warburg  has  recently  made  a  careful  examination  of  them.  Although 
the  various  forms  of  hairs  which  occur  in  the  individual  species,  or  even  on 
the  different  organs  of  the  same  plant,  show  considerable  diversity  when  ex- 
amined in  detail,  they  may  all  be  regarded  as  modifications  of  a  single  principal 
type.  To  express  it  shortly,  the  hairs  of  all  the  M3nisticaceae  are  uniseriate 
tnchomes  sympodiallv  branched.  They  may  be  classified  in  two  categories, 
which  are  connected  by  transitional  forms.  The  first  of  these  (Fig.  170,  A-C) 
is  represented  by  hairs  consisting  of  cells  of  the  one-armed  form ;  hairs 
of  tins  type  originate  from  a  uniseriate   trichome,  through  the  component 


FlO.  i;d.  Hairy  cowring  of  the  Myri«ticaceM :  A,  Knema  HooUriama,  ^J^ 
(leaf),  »-c  ViroU  stbi/era,  Aubl.  (leaf) :  B.  Trichome  Men  from  the  nde ;  c,  Ken  ft^ 
above.  D-K,  Dialyanthm  Oioba,  Warb.  (inflorescence):  D,  Tnchpme  from  theride; 
B,  from  above.  P,  MyHsiiea  Cookii,  Warb.  (leaf) :  trichome  from  above.  O,  MyrUUcm 
vUloM,  Warb.  Geaf).-After  Warburg. 

cells  forming  lateral  protrusions,  like  branches  or  rays,  these 
being  produced  at  the  upper  end,  or  more  rarely  at  the 
middle  or  base  of  the  cells.     Various  modifications  of  this 
J       »        type  are  brought  about  as  follows :    protrusions  may  be 
yL,  formed  ;by  all  the  cells  of  the   trichome,  or  only  in  the 

^\^  apical  region  of  the  latter,  so  that  the  hairs  may  possess  a 

-/■^  stalk,  variously  differentiated,  or  may  have  none  ;  again  the 

portions  of  the  cells  combining  to  form  the  main  'stem' 
of  the  trichome  may  be  short  or  long;  and  lastly,  the  protrusions  vary  in 
length  and  show  all  transitions  from  papillose  protuberances  to  ray- 
like processes,  and  the  latter  may  radiate  in  the  most  varied  directions. 
In  this  way  a  series  of  forms  is  obtained,  from  trichomes  resembling  stellate 
hairs  to  those  of  an  abietiform  type.  The  second  category  (Fig.  170, 
D-G)  is  composed  of  trichomes  the  cells  of  which  are  two-armea.  In 
the  simplest  case  we  have  a  true,  simple,  two-armed  hair,  which  is 
unicellular  and  is  mostly  seated  on  a  low  stalk-cell.  More  commonly  one 
finds  a  pair  of  two-armed  trichomes  one  above  the  other ;  in  such  hairs 
the  two  segments  do  not  generally  lie  in  one  vertical  plane,  but  intersect 
one  another  (Fig.  170,  D-E),  Further,  it  is  not  rare  to  find  trichomes,  which, 
apart  from  one  or  a  few  short  basal  cells,  consist  of  a  still  larger  number 
(as  many  as  six)  of  two-armed  cells,  all  intersecting  at  various  angles  in  such 
a  manner  that  the  trichomes  have  the  appearance  of  stellate  hairs,  when  seen 
from  above  (Fig.  170,  F).    In  other  cases  the  number  of  two-armed  cells  is 
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mnch  greater,  and  the  trichomes  appear  like  shaggy  hairs  to  the  naked  eye ; 
in  these  hairs  the  two-armed  cells  all  lie  in  the  same  vertical  plane  (Fig.  170,  u '). 
It  may  be  added  that  Warburg  also  met  with  simple,  unicelltilar  hairs  as  an 
exceptional  occurrence.    Glandular  hairs  appear  to  be  absent  *. 

Lttenture :  MoUer,  Holzanat.,  Denkschr.  Wientr  Akad.  1876,  pp.  69  and  365. — ^Moller,  Rinden- 
ansLy  188a,  pp.  a23-5.~Bleiik,  Dorchs.  P.,  Flora  1884,  p.  37  a  aad  sep.  copy,  pp.  84-5. — Solereder, 
HolatT.,  1885,  PP*  ^H-^' — [Tlioiivaiin,  Local,  da  tannin  dans  lea  M.  and  Stnxct  det  M.,  Bull.  See. 
sc  Nancy  i887.J-'Prantly  in  Nattirl.  Pflanzenfiun.,  ill  Tdl  Abt.  a,  p.  40.^Warbni||:,  Haarbild.  d. 
M^  Ber.  dentsch.  bot  GeselUch.  1895,  pp.  (78H8a)  and  Tab.  xxix ;  in  NatiirL  Pflanzenfiun.,  Nachtr. 
n.  Reg.  zn  Tdl  ii-iv,  1897,  p.  16a;  and  Monogr.  d.  M.,  Nora  Acta,  Halle,  1897. 

MONIMIACEAE. 

1.  Review  of  the  Anatomical  Features.  The  foDowing  characters 
are  those  of  most  value  for  the  anatomical  diagnosis  of  the  Order :  the  presence 
of  secretory  cells,  which  frequently  give  rise  to  transparent  dots  in  the  leaf ; 
the  absence  of  mucilage-cells  and  glandular  hairs ;  the  occurrence  in  the  vessels 
of  scalaiiform  perforations,  in  addition  to  which  simple  perforations  may  also 
be  present ;  the  development  of  a  composite  and  continuous  sclerenchymatous 
ring  in  the  pericycle,  including  stone-ceUs  thickened  in  the  shape  of  a  horse-shoe 
(exceptions :  Conuleum  and  many  species  of  Siparuna) ;  the  excretion  of  oxalate 
of  lime  in  the  form  of  small  acicular  crystals,  or  smaU  cubical  or  rhombohedral 
crystals,  several  of  which  invariably  occur  together  in  the  same  cell.  With 
reference  to  the  leaf -structure,  it  may  be  added  that  the  leaves  are  bifacial,  that 
hypoderm  is  developed  beneath  the  upper  epidermis  in  most  species,  and  that 
the  vascular  bundles  of  the  veins  are  usually  surrounded  by  a  sclerenchymatous 
ring.  The  type  of  stoma  is  not  tmif  orm,  the  guard-cells  being  either  surrounded 
by  several  epidermal  cells,  or  accompanied  by  subsidiary  cells,  which  lie  parallel 
to  the  pore.  The  prosenchyma  which  forms  the  groundwork  of  the  wood  bears 
either  bordered  or  simple  pits ;  septate  prosenchyma  bearing  simple  pits  has  been 
observed  in  aU  the  species  investigated.  The  medullary  raj^  are  strikingly 
broad  in  the  Monimieae,  but  narrow  in  the  Atherospermeae.  The  formation 
of  cork  takes  place  superficially.  The  hairy  covering  consists  of  simple  uni- 
cellular trichomes,  two-armed  unicellular  hairs  {MoUtnedia^  Matthaea^  Athero- 
spefma\  tufted  hairs  (Peumus^  Siparuna)^  stellate  hairs  (Monimia^  Palmcria, 
HorkmiOf  species  of  Siparunay  Fig.  171),  and  peltate  hairs  {Conuleum,  species 
of  Monimia  and  Siparuna).  The  following  special  features,  found  in  certain 
species  of  Siparuna,  may  also  be  mentioned:  the  presence  of  tannin-sacs 
with  wide  lumina  in  the  pith  and  bast ;  the  occurrence  of  sclerenchymatous 
fibres  in  the  mesophyll,  and  of  an  epidermis,  two  or  more  layers  thick,  in  the  leaf. 

2.  Structure  of  the  Leaf.  This  has  been  investigated  in  detail  by 
Hobein  •.  In  all  the  species  the  leaf -structure  is  bifacial ;  the  palisade-tissue 
mostly  consists  of  a  single  layer,  rarely  of  two  or  more  layers  of  cells,  which  vary 
in  length,  whilst  the  spongy  tissue  is  loose  and  frequently  characterized  by  the 
presence  of  large  intercellular  spaces.  The  epidermal  cells  on  both  sides  of 
the  leaf  are  generally  small,  and  usually  have  straight  lateral  walls,  strongly 
undulated  walls  having  only  been  observed  in  Doryphora.  Gelatinization  of 
the  epidermis  of  the  leaf  does  not  occur,  but  the  development  of  a  hypoderm 

^  Set  also  tab.  40  et  lea.  In  Flor.  bratiL  ▼,  i. 

*  I  was  unable  to  find  the '  glandular  papillae,  consisting  of  a  short  stalk-oell  and  a  second  cell 
of  only  slightly  greater  rixe  forming  the  hiBad,'  as  mentioned  by  Warburg  in  MyrisHca  argentea, 
Warb. 

*  The  following  genera  were  examined :  (a)  Tribe  Monimieae :  Monimia^  Tambourissa, 
Palmeria,  MoUttutHa,  Kibara,  Maitkatay  Hedycarya^  Peumusj  Hortmia ;  (b)  Tribe  Atherospermeae: 
CmmUum,  Siparuna,  Atkerosperma,  Doryphora,  Laureiia,  Daphtumdra, 


700  MONIMIACEAE 

on  the  upper  side  of  the  leaf  is  a  phenomenon  of  wide  occurrence ;  among  the 
genera  and  species  examined  by  Hobein  hypoderm  is  absent  in  the  follow- 
ing cases  only  :  Atherospertna^  Daphnandra,  MaUhaea  and  certain  species  of 
Siparuna  ;  according  to  Poisson,  it  is  present  in  HennecarHa,  The  hypoderm 
consists  either  of  a  single  layer  (e.g.  in  MoUinedia)  or  of  several  (e.g.  in 
Monimia  ovalifolia^  P.  Th.).  Its  cells  are  usually  larger  than  the  epidermal 
cells  in  surface- view  and  frequently  {Monimia^  Palmeria,  MoUinedta^  Tom- 
bourissa)  also  exceed  the  latter  in  height  in  the  transverse  section.  In  some 
cases  the  walls  of  the  h)^dermal  cells  are  thin  (e.g.  in  Hedycarya)^  but  often 
they  are  strongly  thickened  and  pitted,  and  in  Monimia  ovalifolia  they  are 
lignified  as  weU.  In  those  species  of  Siparuna  which  have  no  h3^poderm,  the 
epidermis  on  the  upper  side  of  the  leaf  is  simple  (5.  chiridota^  A.  DC.,  &c.),  or 
consists  of  two  or  more  layers,  either  throughout  or  only  at  certain  points  (in 
the  majority  of  the  species  of  Siparuna) ;  in  the  latter  case  the  appearance 
of  horizontal  division-walls  in  the  epidermal  cells  is  often  confined  to  the 
neighbourhood  of  the  trichomes.  On  the  lower  side  of  the  leaf  h3qxxlerm  has 
only  been  met  with  in  Laurelia  sempervirens,  Tul.  The  stomata  are  almost 
exclusively  confined  to  the  lower  side  of  the  leaf  ;  only  in  species  of  Siparuna 
have  they  been  observed  on  the  upper  side,  where  they  are  restricted  to  the 
neighbourhood  of  the  veins.  The  guard-cells  are  in  most  cases  surrounded 
by  several  ordinary  epidermal  cells ;  Hobein  states  that  in  MoUinedia^  Kibara^ 
MaUhaea  and  Hedycarya  there  are  four  subsidiary  cells,  two  of  which  are 
placed  laterally  with  reference  to  the  guard-cells;  he  describes  two  lateral 
subsidiary  cells  in  Conideum  also.  The  vascular  systems  of  the  larger  veins 
are  as  a  rule  surrounded  by  a  ring  of  hard  bast.  The  only  exception  is 
found  in  a  few  species  of  Siparuna,  in  which  the  hard  bast  is  absent  or  only 
slightly  developed.  In  S.  moUicoma,  A.  DC.  and  S.  mollis,  A.  DC.  sderenchy- 
matous  fibres  branch  off  from  the  sclerench3m[ia  of  the  veins  and  run  freely 
in  the  mesophyll,  sometimes  extending  as  far  as  the  epidermis  of  the  leaf. 

Bokomy  and  Hobein  met  with  secretory  cells  in  the  leaf  in  all  the  members 
of  the  Order  investigated,  and  according  to  my  own  observations  they  are  also 
present  in  the  leaf  of  Hennecartia.  The  position  in  which  they  occur  in  the 
leaf  is  generally  the  mesophyll,  and  they  frequently  give  rise  to  transparent 
dots  in  this  tissue.  Besides  occurring  in  the  mesophyll,  however,  they  are 
also  present  in  the  epidermis  of  the  leaf  in  certain  species  of  TambouHssa, 
Molhnedia,  ConuUum  and  Siparuna,  and  in  Daphnandra,  in  the  h3rpoderm 
in  Palmeria ;  in  Monimia,  on  the  other  hand,  they  are  confined  to  the  hypoderm 
and  are  only  present  in  small  numbers.  In  the  axis  the  secretory  cells  are 
fotmd  in  the  pith,  bast  and  primary  cortex,  and  rarely  (Hedycarya  arborea, 
Forst.)  in  the  medullary  rays  of  the  wood.  The  secretory  elements  are  spherical 
in  shape  and  their  contents  are  for  the  most  part  clear,  more  rarely  (species 
of  Siparuna)  coloured  brown  by  tannin ;  their  diameter  varies  from  -02  to 
•06  mm.  Mucilage-cells  are  not  present  in  the  Monimiaceae,  this  being  a  point 
of  difference  from  the  allied  Laurineae. 

Oxalate  of  lime  is  mostly  present  in  the  leaf  and  axis  in  the  form  of  small 
acicular  crystals,  large  numbers  of  which  occur  together  in  the  same  cell ;  they 
frequently  occupy  the  whole  of  the  mesophyll.  In  the  genera  belonging  to 
the  tribe  Monimieae,  besides  the  crystalline  elements  just  referred  to,  there  are 
small,  cubical  or  rhombohedral  crystals  (attaining  the  greatest  relative  dimensions 
in  MoUinedia),  several  occurring  in  the  same  cell ;  these  crystals  are  found  in 
the  neighbourhood  of  the  vascular  bundles  of  the  leaf  and  in  the  medullary 
rays  of  the  axis.  Ordinary  large  solitary  and  clustered  crystals  have  not 
been  observed  in  this  Order. 

The  hairy  covering  consists  of  clothing  hairs  only.  In  most  cases  they 
are  ordinary  unicellular  trichomes,  usually  with  strongly  thickened  walls: 
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in  Kibara  the  subsidiary  cells  of  the  hairs  are  also  considerably  thickened. 
The  uniceUular  hairs  of  Voryphora^  Daphnandra  and  Laurelia  show  a  tendency 
to  become  tufted,  two  or  three  of  them  being  frequently  sunk  in  the  epidermis 
side  by  side.  MMinedia  repanda,  R.  et  P.  and  M.  triflara^  Tul.  exhibit  transitions 
between  ordinary  unicellular  trichomes  and  short  two-armed  unicellular  hairs 
with  thick  or  thin  walls,  such  as  occur  in  other  species  of  MMinedia^  in  MaUhaea 
and  Atkerosperma,  Large  tufted  hairs,  often  seated  on  prominent  elevations 
of  the  leaf-surface,  are  f otmd  in  Peumus  and  Siparuna  ;  their  sclerenchjrmatous 
cells  are  concrescent  at  the  base  so  as  to  produce  a  foot,  which  is  often  deeply 
sunk  in  the  tissue  of  the  leaf.  Structures  closely  aUied  to  the  tufted  hairs  are 
the  stellate  hairs,  in  which  the  ray-cells  are  spread  out  in  a  plane  parallel  to 
the  surface  of  the  organ ;  these  hairs  have  been  observed  in  certain  species 
of  Siparuna^  in  Monimia^  Palmeria  and  Horionia.  Peltate  hairs  have  been 
recorded  in  species  of  Monimia^  Siparuna  and  Canuleum^  and  according  to 
O.  Bachmann  and  Hobein  they  are  distinguished  by  the  fact  that  their  ray- 
ceDs  have  thin  walls,  are  only  partiaUy  concrescent,  and  do  not  meet  at  the 
centre  of  the  shield,  but  along  a  median  line  (Fig.  171). 

3.  Structure  of  the  Axis.  I  have  examined  the  structure  of  the  wood 
in  Monimia  avalifolia,  P.  Th.,  MoUinedia  SeUoi^  A.  DC,  Hedycarya  arborea, 
Forst.,  Peumus  BdduSy  MoL,  Atherospefma  moscha" 
ium,  Labill.,  Dorypkara  Sassafras^  Endl.  and  Daph- 
nandra micrantha^  Benth. ;  Hobein  only  dealt  with 
the  tissue  of  the  medullary  rays.  According  to  him 
the  medullary  rays  of  the  wood  are  broad  in  all 
Monimieae,  being  visible  to  the  naked  eye,  or  at 
any  rate  with  a  Tens,  while  in  the  Atherospermeae 
they  are  narrow  (from  one  to  three  cells  in  breadth). 
The  diameter  of  the  vessels  is  small  (not  exceeding 
•036  mm.).  The  wall  of  one  vessel  in  contact  with 
that  of  another  sometimes  bears  scalariform 
bordered  pits,  whilst  in  contact  with  parenchjnna 
it  generally  has  very  large  eUiptical  simple  pits,  J^^^t^^Ks^''^^^;!^, 
with  bordered  pits  as  well.     In  Peumus  Boldus 

a  delicate  spiral  thickening  of  the  wall  is  also  present.  The  perforations  of  the 
vessels  are  generally  exclusively  scalariform,  and  often  (e.g.  in  Atherosperma) 
have  very  numerous  bars ;  in  Monimia  ovalifoliay  besides  perforations  with 
1-12  bars,  there  are  others  which  are  simple  and  have  an  elongated  elliptical 
outline ;  Peumus  Boldus  has  for  the  most  part  simple  circular  or  elliptical 
perforations,  those  of  the  scalariform  type  occurring  only  in  the  neighbourhood 
of  the  primary  wood.  The  prosenchymatous  groundwork  of  the  wood  bears 
simple  pits  in  Monimia^  Hedycarya^  Peumus  and  Daphnandra,  small  and  often 
indistinct  bordered  pits  in  MoUinediay  and  typical  bordered  pits  in  Atherosperma 
and  Doryphora ;  septate  wood-fibres  with  simple  pits  have  been  observed  in 
all  species. 

According  to  Hobein,  the  most  important  character  of  the  cortex  is  the 
composite  and  continuous  sclerenchymatous  ring  in  the  pericycle.  This  ring 
is  partly  comj>osed  (perhaps  in  all  cases,  at  any  rate  in  the  seven  species  in 
which  I  examined  the  structure  of  the  wood)  of  hippocrepiform  stone-cells, 
in  which  the  outer  tangential  walls  are  not  sclerosed.  The  sclerotic  ring  is 
wanting  in  Conuleum  and  in  a  large  number  of  species  of  Siparuna,  in  which 
only  isolated  groups  of  bast-fibres  are  present.  The  development  of  cork 
takes  olace  superficiaUy,  in  a  subepidermal  position  in  Siparuna  limoniodora, 
A.  DC.,  and  beneath  the  hypoderm  in  Peumus  Boldus,  Mol.  and  Monimia 
ovalifoliOf  P.  Th.  The  primary  cortex  is  not  strongly  developed,  and  consists, 
in  most  cases,  of  cells  which  have  thin  walls  or  are  slightly  coUenchymatous ; 
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in  Lauretta  large  intercellular  spaces  occur  between  the  cells.  The  coUenchyma 
is  more  strongly  developed  in  species  of  Siparuna.  In  most  of  the  genera 
(except  Matthaeay  Peumus,  Laurdia  and  Dapknandra)  sclerosis  of  the  primary 
cortex  sets  in  at  an  early  stage,  and  in  Siparuna  limoniodora,  A.  DC.  and 
5.  neglecta^  A.  DC.  this  leads  to  the  formation  of  a  ring  of  stone-ceUis.  According 
to  Hobein,  the  secondary  bast  contains  bast-fibres  in  Conuleum,  and  rod-cells 
in  Monimia,  Hedycaryay  Peumus  and  Conuleum ;  Mdller  also  mentions  the  occur- 
rence of  rod-ceUs  in  thick  pieces  of  the  cortex  of  Atherosperma  moschatum^ 
Labill.  It  remains  to  mention  the  presence  of  peculiar  tannin-sacs,  which 
correspond  in  every  respect  with  the  well-known  sacs  of  Satnbtu^us  nigra; 
1  have  noticed  these  structures  in  Siparuna  lifnoniodora,  A.  DC.  and  5.  guia- 
nensis,  Aubl.  at  the  margin  of  the  pith  and  in  the  bast. 

literature :  Bokomy,  Dnrcfas.  P.,  Flora  1882,  p.  366  et  teq.  and  lep.  copy,  pp.  33-5. — ^Moller, 
Rindenanat,  1883,  pp.  99-io3.~Solereder,  Holzttr.,  1885,  pp.  336-7.~Poi8soii,  Hemucartia,  Paris, 
6  pp.  and  i  pL<--0.  Bachmann,  Schildh.,  Flora  x886,  sep.  copy,  p.  16  and  Tab.  Yiiu-^ 


1885,  6  pp.  and  i  pL — O.  Bachmann,  Schildh.,  Flora  x886,  sep.  copy,  p.  1 
Radlkofer,  in  SiU.-Ber.  Miinch.  Akad.  1886,  p.  327.— Hobein,  Anat.  Charakt.  d.  M.  etc,  Engler, 
Bot  Jahrb.,  Bd.  z,  1888,  pp.  51-73.— Donliot,  Wriderme,  Ann.  sc.  nat,  s^r.  7,  t.  x,  1889,  p.  334^ 
Reiche,  in  £n£ler,  Bot.  Jahrb.,  Bl  xji,  1895,  p.  37  and  Chilen.  Holzgew.,  Piingsheim  Jahrb.,  Bd. 
XXX,  1897,  P-  88.— [Perkins,  Beitr.  z.  K.  d.  M.,  Engler,  Bot.  Jahrb.,  BcL  xxv,  18^,  Heft  4-5.] 


LAURINEAEi. 

1.  Review  of  the  Anatomical  Features.  The  Laurineae,  like  the  allied 
Monimiaceae,  are  characterized  by  the  constant  presence  of  oil-cells.  The 
mucilage-cells  which  occur  in  many  genera  of  Laurineae,  though  not  in  all 
the  species  of  these  genera,  constitute  a  very  characteristic  feature  not  found 
in  the  Monimiaceae.  Other  important  characters  are  as  follows :  the  sub- 
sidiary cells  of  the  stomata  are  placed  parallel  to  the  pore  of  the  guard-cells ; 
the  smaller  veins  of  the  leaf  are  vertically  transcurrent ;  the  meduUary  rays 
of  the  wood  are  narrow ;  there  is  a  tendency  to  the  formation  of  scalariform 
perforations,  which,  however,  never  have  very  numerous  bars ;  in  contact 
with  parenchyma  the  waUs  of  the  vessels  bear  bordered  or  simple  pits,  often 
of  large  size  ;  the  wood-prosenchjncoa  bears  simple  pits  and  is  sometimes  septate ; 
bast-fibres  may  be  rather  abundant,  or  only  present  in  small  numbers  in  the  secon- 
dary bast ;  there  is  a  tendency  to  form  a  composite  and  continuous  sclerenchyma- 
tousring,  including  stone-ceUs  with  U-shaped  thickening  ;  the  development  of 
cork  is  superficial ;  glandular  hairs  are  absent,  and  simple,  unicellular  hairs 
are  the  only  forms  of  trichome  present ;  oxalate  of  lime  is  secreted  solelyin 
the  form  of  small  crystals,  which  are  fusiform,  acicular,  or  of  other  shapes.  The 
parasitic  genus  Cassyiha  likewise  has  secretory  cells,  mucila^e-cells  and  small 
acicular  crystals,  but  is  specially  distinguished  by  possessing  a  xylem-ring 
devoid  of  meduDary  rays.  The  anatomical  structure  of  the  individual  genera 
and  species  shows  little  diversity.  The  following  special  features,  have  come 
under  oteervation :  development  of  hypoderm  beneath  the  upper  epidermis 
of  the  leaf  (species  of  Aydendron,  BeUschmiedia^  Cryptocarya  and  Ravensara) ; 
sclerosis  of  isolated  cells  or  ^oups  of  cells  in  the  paUsade-tissue  (in  species  of 
Ocotea) ;  transverse  orientation  of  stomata  on  the  stem  of  Cassytka. 

2.  Structure  of  the  Leaf.  A  detailed  investigation  of  the  leaf -structure 
has  not  yet  been  made.  In  the  few  species  which  I  have  examined  (Laurus 
nobilis,  £.,  Ocotea  apif^a^  Mart.,  Litsea  Neesiana^  Hemsley,  Persea  gratissima, 
Gaertn.  f.)  the  leaf-structure  is  bifacial,  and  the  stomata  are  only  found  on 
the  lower  surface.    It  is  characteristic  of  the  stomata  that  they  are  accompanied 

^  We  wiU  follow  the  example  of  Pax  by  dealing  with  the  genus  J/emandia  together  with  the 
Eenera  C^ocarpus^  Illigera  and  Sparattantkelium  (of  the  Gyrocarpeae)  as  a  separate  Order, 
Hemandiaceae,  following  the  Lanrineae. 
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by  subsidiary  ceUs— one  on  either  side  and  parallel  to  the  pore  ;  the  subsidiary 
ceUs  are  not  easy  to  recognize  {Liisea  Neesiana^  Persea  graiissima)  when  both 
guard-cells  and  subsidiary  cells  are  depressed.  Cassytka  also  (C.  americana^ 
Nees)  possesses  stomata  with  subsidiary  cells  parallel  to  the  pore;  it  is 
noteworthy,  however,  that  the  stomata  both  on  the  stem  and  on  the 
rudimentary  leaves  lie  transversely  to  the  longitudinal  axis  of  the  organ. 
In  many  members  of  the  Order  the  lower  side  of  the  leaf  has  a  glaucous 
bluish  bloom  due  to  an  excretion  of  wax.  According  to  Pax,  hypoderm  is 
formed  on  the  upper  side  of  the  leaf  in  Cryptocarya,  Aydendron,  Ravensara 
and  in  certain  species  of  Beilschmiedia.  According  to  Mez,  some  species  of 
Ocatea  (0.  grandifolia,  Mez,  O.  o^fera.  Mart.,  O.  Kunthiana,  Mez  and  0.  Rusbyana^ 
Mez)  show  the  f oUowing  special  peculiarity :  individual  cells  of  the  palisade- 
tissue  or  small  groups  of  t^ese  cells  are  transformed  into  similarly  elongated 
stone-cells.  These  sclerendiymatous  elements  are  visible  to  the  naked  eye 
as  distinct  dots  on  the  surface  of  the  leaf.  Mez  further  states  that  in  other 
species  of  the  same  genus  {Ocotea  alnifolia^  Mez,  0.  Bofo,  H.  B.  K.,  0.  dispersa^ 
mez  and  0.  functtd^a^  Mez)  the  surface  of  the  leaf  bears  fine  black  dots,  a  point 
which  requires  reinvesti^tion  and  explanation  (cork-warts  ?) ;  I  was  unable 
to  obtain  material  for  this  purpose.  The  veins  of  medium  size  are  vertically 
transcurrent  on  both  sides  by  means  of  more  or  less  differentiated  sclerenchy-* 
matous  cells  (both  in  the  species  mentioned  above  and  in  species  of  Phod>e 
and  Cinnamomumy  according  to  Perrot). 

The  secretory  elements  found  in  the  Laurineae  require  a  more  detailed 
description.  They  are  of  two  kinds,  viz.  (i)  secretory  cells  with  oily 
contents,  and  (2)  mucilage-cells.  Bokomy's  investigations,  supplemented 
bv  those  of  Hobein,  have  shown  that  oil-cells  occur  in  the  leaves  of  all  the 
idants  investigated  (species  of  Cryptocarya,  BeUsckmiedia,  Dehaasia,  Ayden- 
dron, Ajouea,  Endiandra,  Acrodididium,  Cinnamomumj  Machilus,  Persea, 
Alseodaphne,  Phoebe,  Ocotea,  MespUodaphne,  DicypeUium,  Nectandra,  Sassafras, 
AcHnodaphne,  Dodecadenia,  LUsea,  hinder  a,  Laurus ;  and  according  to  recent 
observations  of  my  own  in  Umbellularia  also).  These  secretory  cells  are  moreover 
present  in  the  parasitic  genus  Cassyiha  (C.  americana,  Nees),  where  Hackenberg 
and  I  observed  them  in  the  pith  and  leaf-tissue  respectively.  The  secretory  cells, 
like  the  mucilage-ceUs  to  be  described  below,  frequently  give  rise  to  trans- 
parent dots  in  the  leaf ;  they  are  found  both  in  the  palisade  and  spongy  tissue, 
and  in  rare  cases  (UmbeUtdaria  caUfomica,  Nutt.)  in  the  lower  epidermis  also. 
They  are  generally  spherical  in  shape ;  those  situated  in  the  palisade  form 
the  only  exceptions,  since  they  appear  as  enlarged  sac-like  cells  of  this  tissue. 
The  walls  of  the  secretory  ceUs  are  suberized,  and  their  contents  are  homo- 
geneous and  in  most  cases  yellowish.  In  every  case,  by  suitable  treatment  of  the 
sections,  the  presence  of  the  waU  of  the  secretory  cell  can  be  demonstrated  ; 
the  resin-lacunae,  stated  by  Chatin  to  occur  in  the  Laurineae,  do  not  exist. 
In  the  epidermal  secretory  cells  of  Umbellularia,  the  whole  of  the  outer 
wall  does  not  reach  the  external  surface,  but  only  a  circular  portion,  and^  at 
the  centre  of  the  latter  there  is  a  small  dot-like  area  of  thinner  cell-wall. 
In  the  branch  the  secretory  ceUs  are  fotmd  in  the  pith  and  cortex,  and 
also  in  the  medullary  rays  and  the  parenchjnna  of  the  wood.  In  the  pith 
and  primary  ccttex  they  are  approximately  isodiametric,  while  those  in  the 
bast  are  elongated  in  the  verticad  direction.  The  occurrence  of  these  secretory 
cells  in  the  wood  of  the  root  in  Sassafras  has  long  been  known,  and  on  this 
depends  the  medicinal  use  of  this  part  of  the  plant.  According  to  Hohnel, 
Felix  and  Knoblauch,  however,  the  secretory  cells  are  also  present  in  the  wood 
of  the  stem  in  many  members  of  the  Order  ^    Knoblauch  met  with  them  in 

^  Felix  also  met  with  them  in  fossil  wood,  belonging  to  members  of  the  Lanrineae. 
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the  medullary  rays  or  parenchyma  of  the  wood  in  the  stem  of  species  of  the 
genera  CryptocaryUy  Beilsckmiedia  {Hufdandia\  Aydendron^  Acrodididiwn^ 
Cinnamomum,  Persea^  Oreodaphne,  DicypMium^  Nectandra,  Sassafras^ 
Litsea^  UmbdUdaria  and  Lauras.  I  may  add  that  occasionallv  the  secre- 
tory cells  may  even  be  observed  in  the  medullary  rays  of  the  wood  in 
branches  from  herbarium-material  (e.g.  in  Nedandra  angus^ifolia^  Nees  et 
Mart.).  Secretory  elements  of  the  second  kind,  i.e.  the  mucilage-cells,  are 
not  so  widdy  distributed  as  the  oil-cells,  for  they  only  occur  in  certain 
species  of  certain  genera.  Bokomy  met  with  them  in  the  leaf  in  species 
of  the  genera  Beilsckmiedia^  Dehaasia,  Aydendron^  Machilus,  Persea^  Alseo' 
daphne,  Phoebe^  Ocotea,  MespUodaphne,  Nedandra,  Sassafras,  Actinodaphne, 
Litsea  and  Lindera,  whilst  Radlkofer  found  them  in  Acfodididium  \  ac- 
cording to  Hallier  and  my  own  observations,  they  also  occur  in  the  leaves  of 
CassyduL  americana.  With  the  exception  of  this  last  species,  in  which  the 
entire  mesophyll  abounds  in  mucilage-cells  with  wide  lumina,  these  ceUs  generaUy 
occur  only  in  the  palisade-tissue  in  the  leaf.  In  the  axis  the  mucilage*cells 
are  invariably  (?)  present  in  the  form  of  cells,  elongated  in  the  vertical  direction  ; 
they  occur  chiefly  in  the  bast  (e.g.  in  cinnamon-barks,  in  Litsea  Neesiana, 
Hemsley  and  Persea  gratissima,  Gaertn.  f.),  more  rarely  in  the  primary  cortex 
alsoM^-g*  ^  Cassytha  americana,  Nees,  where  they  were  observed  bjr  Hacken- 
berg,  but  incorrectly  interpreted,  and  in  Persea  grahssima).  The  mucilage-cells 
in  most  cases  show  distinct  stratification  of  tiie  mucilage  and  a  very  small 
lumen ;  hence  it  may  be  concluded  that  the  mucilage  arises  by  metamorphosis 
of  the  cdl-waJl.  Before  leaving  the  subject  of  the  secretory  organs  we  may 
point  out  that  Hohnel's  statement  as  to  the  occurrence  of  resin-canals  in  the 
medullary  rays  of  the  wood  in  a  species  of  Oreodaphne  (Laurier  de  Montagne 
from  Martinique)  is  without  doubt  incorrect ;  and  the  same  is  to  be  said  of 
Phtt's  statement  regarding  the  occurrence  of  oil-canals  in  the  petiole. 

Oxalate  of  lime  occurs  chiefly  in  the  form  of  small  acicular  or  spindle-shaped 
crystals ;  crystals  of  somewhat  larger  size  are  rare,  being  found  in  the  neigh- 
bourhood of  the  vascular  bundles  (e.g.  in  the  cortex  of  the  branch  of  Endiandra 
virens,  F.  v.  Miill.,  in  the  cells  of  the  sclerenchyma-ring,  which  exhibit  U-shaped 
thickenings).  The  crystak  first  mentioned  occur  both  in  the  leaf  and  axis, 
several  l^ing  invariably  found  in  the  same  cell.  Qustered  and  ordinary 
large  sohtary  crystals  are  entirely  absent.  Perrot,  it  is  true,  mentions 
the  occurrence  of  clustered  crystals  in  the  primary  cortex  of  Nedandra 
angustifolia ;  his  material,  however,  as  shown  by  reinvestigation  of  the  same 
species,  was  incorrectly  determined,  and  does  not  belong  to  any  member  of 
the  Laurineae. 

The  hairy  covering  is  very  uniform.  Glandular  hairs  are  not  present,  nor 
are  there  any  special  forms  of  trichomes.  All  the  hairs  found  in  the  Laurineae 
are  simple  and  unicellular,  and  are  often  sclerenchymatous. 

According  to  Phtt's  investigations  the  fibro-vascular  system  of  the  petiole 
consists  of  an  arc  of  vascular  bundles  (in  species  of  Cinnamomum,  Cryptocarya, 
Laurus,  Persea  and  Tetranthera). 

3.  Structure  of  the  Axis.  The  Laurineae  on  the  whole  also  show  imi- 
f orm  features  in  the  structure  of  the  axis.  The  genus  Cassytha  alone  constitutes 
an  exception,  and  may  therefore  be  described  separately  in  the  following 
paragraph. 

In  Cassytha  americana,  Nees  the  pith  consists  of  lignified,  but  thin-walled  cells ; 
it  is  surrounded  by  a  xylem-ring,  wMch  shows  two  characteristic  features  :  firstly. 


^  Hohnel  also  observed  spindle-shaped  macQage-oells  in  a  wood,  used  in  Sonthem  China  for 
the  prepaiation  of  an  adhesive  gum  under  the  name  of  Pan-Fa,  and  said  to  belong  to  the  Laurineae ; 
the  mudlage-oells  in  this  case  are  found  either  singly  or  in  groups. 


LAURINEAE  705 

the  absence  of  medullaj:^  rays,  and,  secondly,  the  presence  of  slight  ridges  alternating 
with  furrows  at  the  penphery  of  the  xylem,  the  bundles  of  soft  bast  of  the  vascular 
ring  being  inserted  in  the  furrows.  Ine  inner  portion  of  the  xylem-ring,  with  the 
exception  of  the  small  primary  groups  of  tracheae,  consists  of  vessels  with  very  wide 
lumina  (diameter  » •! 2  mm.  or  more)  and  of  wood-parenchyma,  wlulst  the  peripheral 
portion  is  dense,  and  is  composed  of  vessels  with  very  small  lumina,  wood-prosen- 
chyma  and  wood-parenchyma.  The  vessels  of  Cassytha  have  simple  perforations 
throughout ;  their  walls  are  provided  with  very  large,  circular,  boraered  pits.  The 
wood-prosenchyma  bears  simplepits.  In  the  pericyde  one  finds  isolated  groups  of 
bast-nores  with  white  walls.  Externally  this  is  followed  by  the  primary  cortex 
containing  chlorophyll  *,  mucilage-cells  and  abundant  small  acicular  crystals,  and 
bounded  by  the  epidermis,  which  has  transversely  placed  stomata,  already  described 
above*. 

The  features  of  the  axis  common  to  the  other  members  of  the  Order  have 
been  summarized  above  in  thes^eneral  review  of  the  anatomical  characters. 

The  structure  of  the  wood  has  been  examined  chiefly  by  Knoblauch^  who 
had  abundant  material  \ 

The  vessels  have  lumina  of  medium  size  (maximum  diameter  »  '03  — 
•075  mm.),  usually  fairly  constant  throughout  the  same  annual  ring.  Sassafras 
alone  is  distinguished  by  the  fact  that  the  vessels  of  the  spring- wood  have  very 
wide  lumina^  while  those  of  the  autumn-wood  have  narrow  lumina.  In  most 
of  the  species  the  perforations  of  the  vessels  are  both  simple  and  scalariform. 
Scalarif orm  perforations  occurring  alone  were  observed  by  Knoblauch  in  Hufe- 
landia  pendula,  Nees,  but  in  no  other  cases.  The  scaJariform  perforations 
mostly  have  few  bars,  the  largest  number  observed  being  seventeen  (in  Crypto- 
carya  WighHana^  Thw.).  Kjioblauch  also  mentions  a  number  of  cases  in 
which  he  observed  simple  perforations  only  (species  of  BeUschmiedia^  Acrodi- 
didium,  Oreodaphne  pro  parte,  DicypeUium,  Nedandra^  AcHnodaphne^  LUsea 
pro  parte,  Umbellularia,  Laurus  pro  parte).  Further  investigation  is  necessary 
to  determine  whether  scalariform  perforations  do  not  reaUy  occur  in  these 
species  in  the  neighbourhood  of  the  primary  wood,  as  is  to  be  expected 
from  analogy  (e.g.  with  Endiandra  virens,  F.  v.  Miill.,  which  I  investigated). 
The  structure  of  the  waU  of  the  vessd  in  contact  with  parenchyma  of  the 
medullary  rays  is  very  characteristic.  It  shows  bordered  pits  with  transitions 
to  simple  pits  ;  the  sunple  pits  are  sometimes  large  and  eUiptically  elongated, 
a  group  of  them  reminding  one  of  a  scalariform  perfc»ration.  Spiral  stnation 
of  the  walls  of  the  vessels  is  mentioned  by  J.  Moller  as  occurring  in  species 
of  Tetranthera  and  Camphora.  The  medullary  rays  of  the  wood  are  mostly  1-3, 
rarely  as  much  as  five  cells  in  breadth,  and  the  ray-cells  vaiy  in  height.  The 
wood-parenchyma  may  be  little  developed  or  fairly  abundant.  Tangential 
bands  of  wood-parenchYma  are  stated  by  Knoblauch  to  occur  in  Beil- 
schmiedia  Roxbur^hiana,  Nees,  Adinodaphne  elegans,  Thw.  and  LUsea  deaJbaiOj 
Nees,  and  by  Reiche  in  Cryptocarya  Peumus^  Nees.  The  wood-prosenchyma 
has  walls  of  varying  thickness ;  in  the  young  parts  of  the  wood  the  gelatinous 
layer  is  occasionally  differentiated  (e.g.  in  Persea  indicay  Spreng.  or  Oreodaphne 
buUata,  Nees).  The  pits  of  the  wood-prosenchyma  are  simple ;  the  lumina  are 
septate  by  means  of  delicate  transverse  walls  in  species  of  Beilschmiedia,  Ayden- 


^  Thns  Cassytha  is  not  devoid  of  chlorophyll,  as  stated  in  many  works  (Kerner,  Pflansenleben, 
i,  p.  158,  fta).    For  detaUi  see  Hackenberg^  loc.  dt 

*  Anatomical  investigation  affords  an  easy  means  of  distiagoishing  Cassytha  from  CusaHa,  which 
is  similar  in  habit ;  in  Cassytha  alone  a  pith  U  present,  and  a  mass  of  wood  showing  a  slightly  stel- 
late trsnaverBe  section. 

*  Knoblancfa  investigated  the  wood  in  the  stem  of  thirty-three  species  of  the  following  genera : 
Cryftoearya,  BtUschmuSia  (incL  Hufekmdid)^  Aydendran,  Aerodiclidiumy  Cifmamamum^Machilus, 
PerseOy  OrudapkiUy  DicyptiHum^  Nectandra^  Sassafras^  AcHnodaphnty  Litsea,  TetroHthira^  Ufnbel^ 
hdarioy  Umdtra  and  Laurus* 

zz 
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dron,  Acrodiclidiuffi^  Cinnamamum,  MachUus^  Persea^  Oreodaphne^  Dieypdlium, 
Nectandra^  Sassafras^  Litsea  and  Ufnbellidaria. 

The  structure  of  the  pith  has  been  examined  in  detail  only  in  the  case  of 
Cinnamomum  xeylanicum  by  Mentovich.  The  pith  in  this  plant  is  hetero- 
geneous. It  is  differentiated  into  a  peripheral  portion,  composed  of  small 
active  cells  with  thick  walls,  and  a  central  portion  consisting  of  empty  cells 
with  thin  walls. 

The  development  of  cork  takes  place  at  a  relativelv  late  stage.  The  cork 
arises  suporficiaJlyy  either  in  the  epidermis  which  usually  has  a  thick  outer  wall 
{Laurus  nobilis,  L.  and  Cinnamomum  duke,  Nees,  according  to  M511er),  or  in  the 
outermost  cell-layer  of  the  primary  cortex  {Tetranthera  japonica,  Sprenjg.,  accord* 
in^  to  J.  E.  Weiss).  According  to  Mdller,  the  cells  of  the  cork  either  have 
thm  walls  (species  of  Persea^  LUsea^  Sassafras)^  or  the  inner  tanraitial  walls 
are  sclerosed  (si>ecies  of  Cinnamommn,  Dicypdlium,  Oreodaphne^  Teiranikera). 
In  Tetranthera  japonica,  according  to  Weiss,  sclerosed  cork-ceUs  with  strongly 
thickened  outer  walls  alternate  wiui  thin-walled  cells,  which  are  elongated  in  the 
radial  direction  and  apparently  not  suberized.  Stone-cells  sometimes  appear 
in  the  primary  cortex  of  older  branches.  The  structure  of  the  pericycle  is  very 
characteristic.  The  isolated  groups  of  primary  bast-fibres  are  united  to  form 
a  closed  or  only  locally  intemiptcKi  sclerenchsrmatous  ring  by  means  of  stone- 
cells  ;  some  of  the  latter  have  thin  outer  tangential  walls,  but  sclerosed  inner 
tangential  and  radial  walls,  so  that  they  exhibit  U-shaped  thickenings  in  trans- 
verse sections  of  the  branch.  A  pericyclic  rizi|g  of  this  kind  has  been  observed 
hy  MdUer  in  species  of  Cryptocarya^  BeUschmtedia^  Endlicheria^  AcrodicUdium, 
(finnamamum^  Persea^  Phoebe^  Occiea^  Agaihophyllum,  Dtcypellium,  Nedandra^ 
Sassafras,  LUsea^  Lindera  and  Laurus ;  also  by  Perrot  in  Daphnidium,  and  by 
me  in  Nectandra  angusHfoliOy  Nees  et  Mart,  (contrary  to  the  statement  macie 
by  Perrot,  whose  material  certainly  did  not  belong  to  any  member  of  the 
Laurineae)  and  Endiandra  virens,  F.  v.  Miill.  The  secondary  bast  in  most  cases 
contains  spindle-shaped  fibres  of  rounded  quadrangular  sectiOTi,  and  having 
narrow  lumina ;  these  fibres  rarely  {AcrodicUaium,  Bmschmiedia,  Ocotea)  appear 
in  large  numbers,  forming  bundles;  usually  there  are  only  few  [resent. 
Stone-cells  sometimes  accompany  the  fibres,  some  of  them  being  thickened  on 
one  side  only,  like  those  of  the  pericycle  ;  tiie  stone  cells  are  developed  in  ex- 
ceptional abundance  in  the  older  cortex  of  certain  species  (species  of  CrypUh 
carya  and  Tetranthera). 

Literature :  Chatin,  Anat.  oomp.  des  T^g^tanx,  pL  iv-v  and  Gland,  fol.,  Ann.  sc.  nat»  a^r.  6, 
t.  ii,  1875,  pp.  ai4>i6  and  pi.  15.— Mollcr,  Holxanat,  Denkschr.  Wiener  Akad.  1876,  pp.  36-9  and 
33J  et  ieq.~Zacharias,  in  Bot  Zdt  1879,  p.  6a6.^H5hnel,  Sekretioniotg.,  Sitc-Ber.  Wiener  Akad., 
Bd.  Ixxziv,  Abt  i,  1881,  p.  C96.— Bokoniv,  Duchs.  P.,  Flora  i88a,  p.  359  et  tea.  and  aep.  copy, 
pp.  i6-aa.— Hdhnel,  Gefasit  Holzer  mit  Hang.,  BoL  Zeit  188a,  pp.  165-6. — ^Moller,  Rindenanat., 
i88a,  pp.  103-13.— Felix,  Fossile  Holzer,  Zeitschr.  dcntsch.  geol  GeselUch.,  Bd.  uxv,  1883,  p.  6a 
and  Hoizopale,  Mitt  Jabrb.  nng.  geol.  Anst,  Bd.  yii,  1883,  pp.  37-8. — ^Mentoyich,  Mark,  IQansen- 
bnrg,  1885 ;  abstr.  in  Jnat  1885,  i,  p.  787.— Solereder,  Holsstr.,  1885,  P-  237.— Plitt,  Blattatiel, 
Diss.,  Marlmrg,  1886,  pp.  35-6.— Radlkofer,  Dnrcha.  P.,  Sitc-Ber.  Miinch.  Akad.  1886,  p.  337.—* 
Knoblauch,  Anatd.  Holies  d.  L.,  Flora  1888,  pp.  339-400  and  Tab.  vii. — Hobein,  Anat  Charakt. 
d.  L.,  Engler,  Bot.  Jahrb.,  Bd.  z,  1889,  p.  74. — Hackenberg,  Cassytka  americana,  Verb,  natariiist. 
Ver.  d.  prenss.  Rbeinlande  etc  1889,  pp.  98-138. — Mez,  L.  americ,  Jahrb.  Berliner  Gart,  Bd.  v, 

1889,  *^P-  <^P7*  PP*  499-5<>o* — Ltdanne,  Fenilles  persist,  Act  Soc.  Linn,  de  Bordeaux,  s^r.  5,  t  iv, 

1890,  p.  66  and  pi.  iv*— J*  E.  Weiss,  Korkbild.,  Denkschr.  Regensb.  bot.  Gesellsch.  1890,  sep.  copy, 
p.  55.— Pax,  in  NatOrl.  Pflanzeniam.,  iii.  Teil,  Abt  a,  i8pt,  pp.  io6-7.~PeiTOt,  Et  hist,  des  ll. 
These,  Lons-le-Sannier,  1801,  6a  pp.— H.  Hallier,  GUed.  d.  Convolv.,  Engler,  Bot.  Jahrb.,  Bd.  xvi, 
1893,  p.  5^0 — Reiche,  Chuen.  Holzpfl.,  Pringriieim  Jahrb.,  Bd.  xxx,  1897,  p.  86  et  seq.— J.  Moller, 
Lignum  Alaes,  Pharmaceut.  Post  1897. — (With  r^ard  to  the  dnnamon-barks  see  the  phanua- 
cognostic  works  of  Berg,  Vc^l,  Tschirch,  &c. 
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HERNANDIACEAE. 

According  to  Pax,  this  Order  is  composed  of  the  three  genera  Gyrocarpus^ 
SparaUantheUum  and  IlUgera  (of  the  G3n'ocarpeae),  and  the  genus  Hemandia  K 
While  the  mode  of  dehiscence  of  the  anthers  and  other  exomorphic  f eatm'es  show 
the  close  connexion  between  this  Order  and  the  Laurineae,  this  is  also  indicated 
by  the  anatomical  characters.  The  most  important  of  these  are  the  possession 
of  secretory  cells  and  the  excretion  of  oxalate  of  lime  in  the  form  of  small, 
acicular  crystals.  In  these  two  anatomical  charactars,  and  also  in  the  absoice 
of  intraxylary  soft  bast,  the  genera  of  Gyrocarpeae  difier  widely  from  tiie 
Combretaceae,  with  which  they  are  associated  by  Bentham  and  Hooker,  and 
others.  The  C3^toliths  of  Gyrocarpus  and  SparaUanthdium  constitute  a  special 
anatomical  feature,  though  not  found  in  all  members  of  the  Order  *. 

The  leaves  of  the  Hemandiaceae  have  bifacial  structure,  the  paUsade-tissue 
most  usually  consisting  of  a  single  layer.  The  stomata  are  found  only  on  the 
lower  side  of  the  leaf.  In  Gyrocarpus  and  SparaUanthdium  they  are  surrounded 
by  a  number  of  ordinary  epidennal  cells,  while  in  lUigera  (exduding  /.  obtusa^ 
Meissn.')  and  Hemandia  they  are  accompanied  by  subsidiary  cells,  arranged 
parallel  to  the  pore.  H3rpoderm,  consisting  of  from  one  to  two  layers,  has 
been  observed  on  the  upper  side  of  the  leaf  in  Gyrocarpus  acuminatus^  Meissn., 
G.  asiaUcuSy  Willd.  var.  y,  G.  rugosus,  R.  Br.,  and  lUigera  appendiculata^  Bl. ; 
other  species  of  Gyrocarpus  and  lUigera^  and  also  species  of  SparaUanihdium 
show  division  by  means  of  horizontal  walls  in  certain  cells  of  the  upper  epi- 
dermis of  the  leaf.  In  the  anomalous  species  lUi^era  obtusa  the  lower  epidermal 
cells  of  the  leaf  are  produced  into  coronate  papillae,  which  are  connected  with 
one  another  by  ridges  of  cellulose.  The  vascular  bundles  of  the  veins  are 
accompanied  by  sclerenchyma  in  the  investigated  species  of  SparaUanthdium, 
lUigera  and  Hemandia. 

The  hairy  covering  usually  consists  only  of  clothing  hairs.  The  latter 
in  Gyrocarpus,  SparaUanihdium  and  lUigera  are  ordinary  unicellular  scleren- 
chymatous  trichomes,  accompanied  by  unicellular  bracket-hairs  in  certain  species 
of  the  three  genera.  In  Hemandia  sonora,  rather  short,  unicellular  hairs  with 
wide  lumina  are  present  in  the  floral  region  ;  the  anomalous  species  lUigera 
obUtsa  has  ordinary  tmicellular  trichomes  with  transitions  to  t^ically  two- 
armed  hairs,  the  arms  being  of  equal  length.  The  glandular  hairs  of  lUigera 
(excl.  /.  oUusa)  consist  of  a  short  unicellular  stalk  and  a  two-celled  head, 
shaped  like  the  teleutospore  of  a  Puccinia  (Fig.  1^2,  A), 

Oxalate  of  lime,  both  in  the  axis  and  leaf,  is  almost  exclusively  excreted 
in  the  form  of  small,  acicular  crystals  (except  in  lUigera  obtusa,  where  ordinary 
laxge  sohtary  crystals  occur  in  the  neighbourhood  of  the  vascular  bundles). 
In  the  leaf  the  acicular  crystals  are  found  both  in  the  vascular  bundles  and 
mesophyll,  and  also  in  the  upper  and  lower  epidermis,  where  they  are  abundant 
and  are  accompanied  by  quite  small  octohedral  solitary  crystak ;  they  some- 
times occur  even  in  the  guard-cells,  and  in  lUigera  also  in  the  heads  of 
the  glandular  hairs.  By  the  presence  of  cystoliths  the  two  closely  related 
genera  Gyrocarpus  and  SparaUantheUum  are  distinguished  from  the  other 
members  of  the  Order.  The  cj^tohths  of  the  leaf  are  generally  confined  to 
the  int^fumental  tissue ;  they  are  rarely  found  also  in  the  soft  bast  of  the 
veins  {SparaUanihdium  amazonum.  Mart.),  or  in  the  tissue  surroimding  the 

'  Sec  Ibotnote*  on  pp.  345  and  70a. 

'  Most  important  liteniture :  Soleieder,  1S89 ;  in  addition  to  the  species  of  Gyrocarpeae,  men- 
tiooed  there,  the  stmctore  of  the  aids  and  leaf  was  also  investigated  m  Hemandia  sonora^  L. 

'  niigera  cbtusa^  Meissn.  difTeis  from  the  other  spedes  of  Jiltgera  not  only  in  this  respect  bnt 
also  in  the  nature  of  the  fruit  and  in  other  anatomical  characters  (see  below),  and  should  at  any  rate 
be  exdnded  from  the  genus  liUgera  (cf.  Flora  Brit.  Ind.  ii,  1879,  p.  461). 
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vascular  bundles  {Gyrocarpus  asiaUcus^  Willd.),  or  even  in  the  mesophyll 
(G,  rugosusy  R.  Br.).  The  integumental  cystoliths  occur  in  the  hs^poderm  in 
those  species  in  which  a  hTOoderm  is  present ;  in  other  cases  they  lie  in  epi- 
dermal cells  the  shape  of  which  is  adapted  to  that  of  the  cystoliths ;  in  the 
latter  case  only  a  small  portion  of  the  epidermal  cell  reaches  the  smiace  of  the 
leaf,  but  it  is  to  this  part  of  the  wall  that  the  stalk  of  the  cystolith  is  attached. 
The  form  of  the  cystolith  differs  in  the  two  genera.  Gyrocarpus  has  spherical 
or  ellipsoidal  cystoliths,  whilst  those  of  Sparattanthelium  (Fig.  172,  B)  are 
branched,  and  usually  have  six  arms,  radiating  from  a  common  centre,  their 
arrangement  coinciding  with  three  intersecting  axes.  The  cystoliths  may  or 
may  not  be  calcified  ;  their  skeleton  gives  the  cellulose-reaction.  The  calcified 
cystoliths  are  generally  visible  even  with  the  naked  eye  as  granular  dots  (Gyro- 
carpus), or  small  striae  or  stars  {Sparattanthelium)  on  the  surface  of  the  leaf. 
The  cystoliths  may  also  occur  in  the  axis,  e.g.  in  the  primary  cortex  of  G.  asiaticus. 
Secretory  cells  with  oily  contents  are  present  in  all  the  members  of  the 
Order,  and  in  Hemandia  ^  mucilage-cells  occur  as  well.  The  secretory  cells 
sometimes  give  rise  to  transparent  dots  in  the  leaf ;   they  are  found  in  the 

epidermis  of  the  leaf  (only  in 

A  ^     "" 


certain  species  of  Sparattanthe- 
Hum,  lUigera  and  Hemandia),  in 
the  palisade  (only  inlUigera  and 
Hemandia),  or  spongy  tissues, 
and  in  the  ground-tissue  of  the 
veins ;  in  the  axis  the  secretory 
ceUs  are  found  in  the  pith,  bast 
and  primary  cortex.  The  se- 
cretory cells  of  the  leaf  are 
spherical,  with  the  exception  of 
those  occurring  in  the  palisade- 
tissue,  which  have  the  form  of 
enlarged  cells  of  this  tissue. 

The  structure  of  the  axis  has 
been  examined   in  Gyrocarpus 


Pia  173.  A,  Glandnlar  hain  of  lUig^ra  Co 
Mei«ii.  B,  TFUisverae  section  throuflrh  the  upper  portion  of  the 
lamina  of  the  leaf  of  SfaratianHultum  Boiaatdotttm^  Mart.— 
Oriipnal. 


asiaticus,  Willd.,  Sparattanthelium  Tupinambazum,  Martins,  lUigera  KhasianOy 
Clarke,  and  Hemandia  sonora,  L.  The  formation  of  cork  takes  place  super- 
ficially, viz.  in  the  outermost  cell-layer  of  the  primary  corta^'mHemandia  sonora, 
and  in  the  second  layer  of  the  cortex  in  Gyrocarpus  asiaticus.  In  the  two  species 
mentioned  the  cork  consists  of  cells  with  Wide  lumina  and  thin  walls.  The  outer 
portion  of  the  primary  cortex  is  composed  of  collenchjmiatous  tissue ;  in 
Sparattanthelium  Tupinambazum  the  inner  portion  consists  of  parench}miatous 
cells  with  wide  lumina  and  lignified  walls.  In  the  four  species  mentioned  above 
the  pericycle  contains  strongly  developed  bundles  of  various  types  of  scleren- 
ch}miatous  fibres ;  only  in  Gyrocarpus  are  these  fibres  united  to  form  a  con- 
tinuous sclerenchymatous  ring  by  means  of  stone-ceUs  with  U-shaped  thicken- 
ings, as  in  the  Laurineae.  Hie  bast  re(]^uires  no  special  mention.  The  wood 
is  soft,  and  consists  of  (a)  vessels  with  fau-ly  wide  lumina,  (b)  narrow  medullary 
rays,  and  (c)  wood-prosenchjona  with  relatively  wide  lumina,  walls  of  no  great 
thickness,  and  simple  pits.  Where  the  vessds  abut  on  one  another  they  have 
relatively  large  bordered  pits,  and  in  contact  with  parenchyma  they  bear 
transitions  from  bordered  pits  to  large  simple  pits.  The  perforations  of  the 
vessels  are  for  the  most  part  exclusively  simple ;  in  Hemandia  some  of  them 
are  scalariform,  but  with  few  bars. 


^  This  statement  is  founded  on  an  investigation  of//,  sofwra ;  iJokorny  only  mentions  resin-cells 
as  occorring  in  Hemandia, 
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liteifttiire:  MoUer,  Holzuwt,  Denkschr.  Wiener  Akad.  187^,  pp.  41  and  337.— Bokomy, 
Dvchs.  P.,  Flora  i88a,  p.  359  et  seq.  and  sep.  copy,  p.  16  et  8eq.--Solereder,  Anat.  n.  Sy«t  d. 
Combret.,  Bot  Centialbl.  1885,  iii,  p.  161  et  seq.,  Holzstr.,  1885,  pp.  121 -9  and  337  and  Blattspr. 
bd  den  Gyrocarp.,  Engier,  BoL  Jahrb.,  Bd.  x,  1880,  pp.  511-30  and  Tab.  xlv.— Kohl,  Kalks.  etc., 


GOMORTEGACEAE, 

Gomortega  niiida,Rvdz  et  Pav.,  which  is  the  only  representative  of  this  Order, 
agrees  with  the  Laurineae  and  Monimiaceae  in  possessing  secretory  cells,  and 
in  the  presence  of  a  composite  sclerenchymatous  ring  including  stone-cells  with 
horseshoe-like  thickenings  in  the  pericycle. 

The  leathery  leaf  is  t3^ically  bifacial,  the  palisade-tissue  consisting  of 
several  layers,  while  the  spongy  tissue  is  lacunar.  The  epidermal  cells  on 
both  sides  of  the  leaf  have  straight  lateral  walls.  Beneath  the  upper  epidermis 
of  the  leaf  a  thick-walled  hj^poderm  is  developed,  consisting  of  from  one  to  two 
layers,  the  cells  of  which  are  polygonal  in  surface-view  and  considerably  larger 
than  the  epidermal  cells.  The  stomata  are  found  only  on  the  lower  side  of  the 
lea^  and  are  accompanied  on  either  side  by  a  single  subsidiary  cell  placed 
parallel  to  the  pore;  a  secondary  division  occasionally  takes  place  m  the 
subsidiary  cells  in  a  direction  at  right  angles  to  the  pore.  The  vascular  bundles 
of  the  veins  are  provided  with  a  strongly  develop^  sheath  of  sderenchjona. 

The  following  statements  may  be  made  regarding  the  structure  of  the 
stem.  The  xylem  consists  of  (a)  wood-prosenchsmaa  with  bordered  pits; 
{b)  narrow  medullary  rays,  the  cells  of  which  are  somewhat  elongated  in  the 
vertical  and  radial  directions  ;  (c)  vessels  with  small  lumina  (maximum  diameter 
=»  -03  mm.),  exclusively  scalariform  i>erforations  (mostly  having  numerous  bars), 
and  walls  bearing  relatively  large  simple  pits  in  contact  wim  parenchyma  of 
the  medullary  rays ;  and  (d)  a  small  amount  of  wood-parenchsmMt.  The  peri- 
cycle contains  a  composite  and  fairly  continuous  ring  of  sclerench}mia,  composed 
of  groups  of  bast-fibres,  and  of  stone-cells  sclerosed  on  all  sides  or  on  one  side 
only.  According  to  Reiche, '  sclerenchymatous  cells  resembling  idioblasts'  occur 
in  the  older  portions  of  the  secondary  bast. 

The  secretory  cells  are  filled  with  a  yellow  resinous  secretion ;  their  shape 
is  approximately  spherical  in  the  pith  and  primary  cortex,  and  in  the  palisade 
and  spongy  tissues  and  the  h}^poderm  of  the  leaf,  while  those  in  the  soft  bast  are 
elongated  in  the  vertical  direction.  Oxalate  of  lime  is  only  present  in  small 
quantities,  and  occurs  in  the  medullary  ra}^  of  the  bast,  and  in  the  neighbour- 
hood of  the  veins  of  the  leaf,  in  the  form  of  small  acicular  or  prismatic  crystals, 
a  number  of  them  being  found  in  the  same  cell.    Trichomes  are  absent.. 

LiteratuTe:  Reiche,  Gomortega^  Ber.  dentsch.  bot  GeseUsch.  1896^  p.  229. — Harms,  in  Natiirl. 
PflanzenfEusL,  Nachtr.  n.  Reg.  zn  Teil  ii-iv,  1897,  p.  173. 


PROTEACEAE. 

I.  Review  of  the  Anatomical  Features.  Existing  investigations  point 
to  the  following  anatomical  characters  as  common  to  the  Proteaceae  :  (a)  in 
the  structure  of  the  branch,  the  simple  perforations  of  the  vessels ;  the  bor- 
dered pits  on  the  thick  walls  of  the  wcKxl-prosenchyma ;  the  superficial  develop- 
ment of  cork ;  and  the  occurrence  of  secondary  hard  bast ;  (b)  in  the  structure 
of  the  leaf,  the  nature  of  the  stomatal  apparatus,  the  guard-cells  being  accom- 
panied by  subsidiary  cells  placed  paralld  to  the  pore.  In  most  cases  tiie  wood 
in  transverse  section  shows  vessels  with  relatively  small  lumina  and  arranged 
tangentially ;   the  vessels  are  embedded  in  tangential  bands  of  wood-paren- 
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chyma,  and  the  medullary  rays  are  broad.  Internal  secretory  receptacles^ 
viz.  secretory  cavities  with  red  or  reddish-brown  contents,  have  onfy  been 
observed  in  the  genera  Adenanthos  and  Franklandia ;  in  Franklandia  (Fig. 
173,  C)  the  secretory  space  is  traversed  in  a  remarkable  manner  by  a  network 
of  narrow  cells,  which  are  inserted  on  the  papillose  epithelial  cells.  Gelatini* 
zation  of  the  epidermis  of  the  leaf  has  not  been  observed  in  any  species.  Oxalate 
of  lime  is  j>resent  in  the  form  of  clustered  and  soUtary  crystals.  The  haiiy 
covering  (Fig.  173,  E-F)  consists  of  simple  trichomes  composed  of  one  or  a  few 
cells ;  m  the  genera  GrevUiea  and  Hakea  bicellular  two-armed  hairs  occur ; 
short  hairs  with  a  terminal  cell  shaped  like  an  ascus  (glandular  hairs  ?)  have 
been  observed  in  Lawbertia.  An  investigation  of  the  leaf  presents  a  large 
number  of  special  anatomical  features,  viz.  the  bifacial  ch:  centric  structure 
of  the  leaf ;  the  numerous  details  connected  with  the  differentiation  of  tiie 
middle  layer  (see  Fig.  173) ;  the  occurrence  of  mechanical  ceUs  of  various 
shapes  in  the  mesophyll  in  numerous  members  of  the  Order ;  the  vertical 
transcurrence  of  the  veins  in  some  cases  by  means  of  sderenchyma ;  the  de- 
velopment of  hypodermal  tissue  (Banksia^  Vryandra,  Franklandia) ;  the  varied 
position  of  the  stomata,  which  either  Ue  on  a  level  with  the  epidermis  or  are 
depressed ;  the  occurrence  of  stomata  in  small  pits  on  the  leaf -smiace  (Banksia^ 
Dryandra). 

2.  Structure  of  the  Leaf.  In  the  leaves,  which  are  mostly  leathery 
and  narrow,  the  anatomical  structure  is  the  expression  of  an  adaptation  to 
the  dry  season,  which  the  plants  have  to  withstand,  more  particularly  those 
growing  in  the  subtropical  regions  of  South  Africa  and  New  Hdlana.  The 
mesophyll  of  the  leaves  has  been  especially  examined  by  Bengt  Jdnsson,  while 
Mohl,  Strasburger,  Tschirch  and  others  have  investigated  the  peculiar  position 
of  the  stomata  in  many  species. 

The  leaf-structure  is  either  bifacial  or  centric  (Fig.  173,  A-C).  In  the 
latter  case,  which  is  quite  general  where  the  leaf  is  very  narrow  or  acicular,  an 
envelope  of  one  or  more  myers  of  palisade-cells  surrounds  a  medullary  tissue 
with  little  or  no  chlorophyll ;  in  some  cases  the  medullary  tissue  probably  serves 
for  water-storage,  whilst  in  others  {Franklandia  fucifolia,  R.  Br.)  it  has  tiiick 
walls,  and  stores  up  starch.  Mechanical  ceUs  frequently  occur  as  special  ele- 
ments belonging  to  the  mesophyll ;  according  to  J  dnsson  there  are  essentially 
three  forms  of  these  elements.  The  first  are  prop-cells,  viz.  sclerenchsmiatous 
elements,  elongated  like  palisade,  belongiuR  to  the  palisade-parench3ana  and 
having  short,  root-like  branches  at  both  enos  (species  of  Adenanthos,  GreviUea^ 
Hakea,  Isof^ogon,  Molloya,  Petrophila,  Raupala  and  Stenocarpus).  In  the 
medullary  tissue  of  the  leaves  of  some  species  of  Isopogon  (I.  petropkUoides^ 
R.  Br.,  /.  comigerus,  Lindl.  and  /.  spathulatus,  R.  Br.)  these  mechanical  ele- 
ments are  replaced  by  stellately  branched  sclerenchjona-cells  with  thin  rays 
resembling  the  arms  of  an  Ophiurid  (Fig.  173,  B).  In  a  third  group  of  species, 
only  ordinary  sclerenchy ma-cells  are  present  (species  of  AdenatUhos,  Bellendena,. 
Hakea  Isopogon,  Leucospermum,  Nivenia,  Sorocephalus  and  Xylomelum) ;  they 
are  usually  unbrancheo,  or  in  other  cases  more  or  less  branched.  In  the 
acicular  leaves  of  Isopogon  adenanthoides,  Meissn.  the  whole  of  the  medullary 
tissue  is  converted  into  ^erenchjona,  with  the  exception  of  a  narrow  peripherai 
zone  containing  soUtary  crystals ;  finally,  in  the  bifacial  leaf  of  Grevillea  HiUiana^ 
F.  V.  Mull,  the  sclerench3anatous  fibres  accompansnng  the  vascular  bundles 
branch  ofi  from  the  latter  and  traverse  the  palisade-tissue  in  a  direction  at  right 
angles  to  the  surface  of  the  leaf,  ultimately  spreading  out  in  considerable  num- 
bera  between  the  palisade-tissue  and  the  upper  epidermis.  The  vascular 
bniidles  of  the  leaf  are  always  accompanied  by  sderenchyma,  but  the  latter 
varies  in  amount.  Sometimes,  even  in  the  smaller  veins  of  flat  leaves,  it  forms 
vertically  transcurrent  plates  reaching  as  far  as  the  epidermis  on  either  side 
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(species  of  Banksia,  Synapkea  and  Dryandra).  In  flat  leaves  the  arrangement 
of  the  vascular  bundles  follows  the  normal  type  ;  in  very  narrow  or  acicular 
leaves  having  a  considerable  nmnb^  of  bundles  there  is  eitner  one  larger  bundle 
at  the  centre  of  the  medullary  tissue^  while  the  remainder  are  situated  near  the 
peripheiy  of  this  tissue,  or  both  large  and  small  bundles  are  scattered  irregu- 
larly in  it,  or  all  of  them  lie  at  the  periphery.  In  Hakea  sulcata^  R.  Br. 
the  larger  vascular  bundles  of  the  leaf,  which  are  arranged  in  a  ring  at  the 
margin  of  the  pith,  resemble  the  bundles  in  the  flat  leaves  of  certain  species 
of  the  genera  Banksia,^  Sec,  in  having  strongly  developed  masses  of  scleren- 
chjrma  opposite  and  external  to  their  xylem-groups;  these  traverse  the 
palisade-tissue  and  reach  as  far  as  the  epidermis. 

There  is  little  to  be  said  regarding  special  contents  in  the  mesophyll. 
Oystals  of  oxalate  of  lime  appear  to  be,  on  the  whole,  of  rather  rare  occurrence. 
Among  the  different  species  figured  by  Jonssen,  he  only  shows  solitary  crystals 
in  the  peripheral  part  of  the  medulla  of  the  leaf  of  Isopogon  adenanthaides,  and 
in  the  epidermis  of  the  leaf  inHakea  marginaia ;  De  Bary  mentions  the  occurrence 
of  solitary  crystals  in  the  epidermis  of  the  leaf  of  Hakea  saligna ;  in  a  casual 
examination  of  Adcnanihos  obovaUi,  Labill.  and  Franklandia  fudfolia,  R.  Br. 
I  found,  in  the  medullary  tissue  of  the  leaf,  abundant  clustered  crystals  of 
varied  structure,  as  well  as  comparatively  small  numbers  of  soUtary  crystals. 
MdUer  states  that,  in  investigating  the '  bark '  of  species  belonging  to  the  genera 
Banksia,  Hakea,  Leucadendron  and  Leucospermum,  he  observed  clustered 
crystals  in  the  primary  cortex  in  Banksia  and  Leucadendron  only  ;  in  all  other 
cases  (even  in  the  bast)  he  found  no  crystals. 

Another  point  of  special  interest  is  Jonsson's  statement  on  the  occurrence 
of  '  glandel '  in  the  leaf  of  Franklandia  fuciMia  and  some  species  of  Adenanihos 
{A.  apictdata,  R.  Br.,  A.  barbigera,  Lindl.,  A.  obovaia,  LabiU.,  A.  sericea,  Labill.). 
I  have  investigated  Franklandia  fudfolia,  R.  Br.  and  Adenanihos  obovaia, 
Labill.  with  reference  to  this  point,  and  I  am  able  to  state  that  these  glands 
are  secretory  cavities,  lined  by  a  delicate  one-layered  epithelium,  and  filled 
with  brown  contents.  The  secretory  cavities  of  Adenanikos  obovata  are  fairly 
large  spherical  spaces  in  the  palisade-tissue.  Those  of  Franklandia  fucifoha 
(Fig.  173,  C)  are  far  larger,  and  are  even  visible  to  the  naked  eye  as  pustules  on 
the  peculiar,  dichotomously  divided  leaves,  which  look  more  like  branches ; 
a  transverse  section  shows  that  the  secretory  cavities  not  only  traverse  the 
paUsade-parenchjniia,  but  also  penetrate  deeply  into  the  medulla  of  the  centric 
leaf.  Closer  examination  of  the  secretory  cavities  of  Franklandia  shows  that 
the  secretory  spac^  which  is  filled  with  reddish-brown,  crystalling  doubly 
refractive  contents,  is  traversed  by  a  network  of  narrow,  elongated,  thin-walled 
cells,  connected  with  papillose  protrusions  of  the  epithelium.  These  extremely 
pecidiar  secretory  cavities  of  Franklandia  may  be  reconmiended  for  develop- 
mental investigation  in  fresh  material.  In  some  respects  they  are  probably 
comparable  to  the  well-known  intramural  glands  of  Psoralea,  and  the  secretory 
cavities  discovered  by  Kopff  in  certain  species  of  Lonchocarpus.  A  third  feature 
connected  with  the  presence  of  special  contents  in  the  mesophyll  is  the  occur- 
rence of  a  sheath  of  ceUs  surrounding  the  medulla  and  the  vascular  system  in 
the  centric  leaf  of  Aulax  umbeUata,  R.  Br. ;  the  cells  of  this  sheath  are  elongated 
pQu:allel  to  the  surface  of  the  leaf,  and  are  filled  with  brown  contents. 

In  describing  the  integumental  tissue  the  subjects  deserving  more  thorough 
treatment  are  :  the  development  of  h3rpoderm,  the  stomata,  and  the  trichomes. 
There  are,  however,  other  features  worth  mentioning,  and  we  will  take  these 
first.  Gelatinization  of  the  epidermis  of  the  leaf,  contrary  to  what  one  would 
expect,  has  not  been  observed  in  any  member  of  the  Order;  silicification  of  the 
wsdls  of  the  epidermal  cells  occasionally  takes  place  (species  of  Hakea).  The 
outer  wall  of  the  epidermal  cells  is  considerably  thickened  in  most  cases  in  this 
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Order,  and  so  is  the  cuticle.  In  some  Proteaceae,  at  the  line  of  junction 
of  the  cuticle  and  the  cellulose  portion  of  the  outer  wall,  there  are,  accord- 
ing to  Nageli  and  De  Bary,  blunt  cuticular  processes  with  intervening  slits 
into  which  the  cellulose  portion  of  the  wall  penetrates;  in  a  surface-view 
of  the  ceU,  these  slits  appear  as  striae  with  irregular  radial  arrangement 
around  a  central  point,  or  in  elongated  cells  arranged  aboui  two  excentric 
points ;  sometimes  also  they  branch  and  anastomose.  Tschirch  mentions 
the  occurrence  of  a  waxy  covering  on  the  surface  of  the  leaf  in  Protea 
tneUifera,  In  Embothrium  coccineum^  Forst.  the  epidermal  cells  are  provided 
with  papillae,  in  the  formation  of  which  the  external  wall  is  principally 
concerns.  The  hypoderm  consists  of  one  or  more  layers;  according  to 
J5nsson's  drawings  the  cells  of  this  tissue  are  generally  not  much  larger 
than  those  of  the  epidermis,  and  in  Dryandra  floribunday  R.  Br.  they  re- 
semble fibres.  H}^poderm  is  present  in  the  bifacial  leaves  of  numerous  species 
of  Banksia  and  Dtyandray  as  well  as  in  the  centric  leaf  of  Franklandia  fucifolia^ 
R.  Br.  (Fig.  173,  C).  With  regard  to  the  stomata,  the  most  important  feature, 
at  any  rate  for  systematic  purposes,  is  that  the  pair  of  guard-cells,  in  the  cases 
more  carefully  examined  by  Mohl,  Strasburger  and  De  Bary  (species  of  Gre- 
vUlea,  HakM,  Leticadendron,  Mimetes^  Persoania  and  Protea,  and  also  in  Aden- 
anOtos  obovata,  Labill.  and  Lanibertia  muUifloTa,  Lindl.,  as  I  learnt  from  a  casual 
observation),  are  accompanied  on  either  side  by  one  or  two  subsidiary  cells, 
arranged  parallel  to  the  pore  ;  these  subsidiary  cells  are  cut  off  secondarily  from 
the  cells  adjacent  to  the  guard-cells  or  from  the  mother-cell  of  the  stoma,  as 
Strasburger  has  shown  in  species  of  GreviUea  and  Hakea.  It  remains  for  future 
investigation  to  determine  whether  this  type  of  stoma  occurs  in  all  Proteaceae  ; 
the  demonstration  of  the  subsidiary  cells  is  not  always  an  entirely  simple 
matter,  since  the  whole  of  the  stomatal  apparatus  (i.e.  the  guard-cells  with  the 
subsidiary  cells)  is  frequently  depressed.  The  mode  of  insertion  of  the  stomatal 
apparatus  in  the  epidermis  has  much  less  systematic  importance.  In  the  great 
majority  of  species  the  guard-cells  are  situated  at  the  same  level  as  the  adjacent 
epidermal  cells,  or  somewhat  higher ;  in  the  latter  case  the  guard-ceUs  are 
frequently  distinguished  by  the  marked  development  (strong  in  Leucadendron 
decorum,  less  so  in  GreviUea  HiUiana)  of  their  outer  cuticular  ridges,  amounting 
to  the  formation  of  a  rampart  of  cuticle.  In  the  species  of  Banksia  and  Dryandra 
(according  to  Mohl)  and  Lanibertia  (according  to  Engler  ^)  the  pairs  of  guard- 
cells  have  the  same  structure  as  that  just  described ;  in  these  cases  several 
stomata  occur  together  in  ampuUiform  depressions  in  the  surface  of  the  leaf, 
the  depressions  being  lined  with  delicate  felted  hairs.  In  other  species  (e.g. 
PetrophUa  rigida,  Protea  mellifera,  Roupala  brasiliensis,  Aulax  umbeUata,  accord- 
ing to  Tschirch)  the  gu^d-cells  and  epidermal  cells  lie  at  the  same  level  and 
both  have  their  external  walls  considerablv  thickened  and  to  an  equal  extent ; 
consequently  the  cuticular  ridge  is  raised,  and  the  vestibule  correspondingly 
elongated.  Finally,  in  other  species  the  guard-cells  with  the  subsidiary  cells 
belonging  to  them  are  depressed  to  a  greater  or  less  depth  below  the  level  of  the 
epidermis  of  the  leaf,  and  the  epidermal  cells,  which  adjoin  the  stomatal  ap- 
p^uatus,  form  the  wall  of  a  variously  shaped  outer  respiratory  cavity,  the  latter 
bcdng  ampulliform  {Franklandia  fucifolia,  Fig.  173,  Z>),  cylindrical  (Stirlingia 
teretifolia),  funnel-shaped  (species  of  Hakea,  e.g.  Hakea  saligna)  or  double 
funnel-shaped  {Hakea  cyclocarpa).  Naturally  the  stomata  may  occur  on  both 
sides  of  the  leaf  (principally  in  centric  leaves),  or  they  may  be  present  on  the 
lower  surface  only.  According  to  Mohl,  they  are  mostly  (with  the  exception  of 


^  In  Lambertia  inermisy  R.  Br.  and  L,  mulH/hra^  Lindl.  I  did  not  find  this  feature;  nor  did 
Jonsson  in  the  species  of  Lambertia  examined  by  him. 
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those  occurring  in  small  pits)  placed  parallel  to  one  another,  as  in  the  Mono- 
cotyledons, and  at  the  same  time  parallel  to  the  length  of  the  leaf. 

The  hairy  covering  consists  as  a  rule  of  simple,  unicellular  hairs  only, 
though  they  vary  in  other  respects.  In  most  cases  the  hairs  have  thick  waUs 
and  narrow  lumina,  and  are  stiff ;  thin,  wavy  hairs,  forming  a  dense  felt,  occur 
in  Banksia  and  Dryandra ;   also  in  GrenUlea  Pinaster^  Meissn.,  according  to 


^^^ 


PlO.  173.  T^Rsverae  section  of 
the  leaf:  A,  of  Haken  smlcaia, 
R.  Br. :  Bk  of  Uopiwvn  ptiropki- 
hidUj  R.  Br. :  c,  dLFrankhndia 
fuctfciia^  R.  Br.  with  a  tecretoiy 
cavity.  D,  Tramverae  section 
throoffh  the  stoaiatal  apparatnsof 
Fmnklandia  fuctfoUa.  B,  Tri- 
cfaomes  of  Lam&rHa  in4rmit^ 
R.  Br.  P,  Two-anned  hair  of  Grt- 
vOUa  ttntarU,  R.  Br.«A-B  after 
JdnsBOo,  the  remainder  original. 


Engler.  The  simple  hairs,  moreover,  are  not  always  unicellular ;  in  Latnbertia 
inermiSy  R.  Br.  (Fig  173,  £),  for  example,  they  consist  of  quite  a  short  basal 
cell,  inserted  on  the  epidermis,  and  a  long  terminal  cell  with  thick  walls  and 
narrow  lumina.  Hairs  of  a  special  form  appear  in  the  two  genera  GreviUea 
and  HakM  (according  to  MoUer,  Jonsson  and  Engler).  They  are  bicellular, 
two-armed  hairs  (Fig.  173,  -F),  which  are  probably  to  be  found  in  all  species 
of  these  two  genera,  at  any  rate  on  some  part  of  the  plant.    They  consist  of 
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a  basal  and  a  terminal  cell ;  the  former  is  often  long,  and  sometimes  almost 
without  a  lumen  owing  to  the  strong  thickening  of  the  wall ;  the  terminal  cell 
has  equal  arms,  may  be  thick-  or  thm-walled,  and  is  pointed  at  both  ends ;  the 
middle  of  the  cell  is  inserted  on  the  basal  cell,  and  its  arms  either  form  a  wide 
an^le  or  are  directed  upwards  dichotomously  at  an  angle  of  60^-90°.  Glandular 
haus  appear  to  be  absent ;  an  investigation  of  Uving  material  is  required  to 
detenmne  whether  the  hairs,  observed  by  me  on  the  lower  surface  of  the  leaf  in 
LamberHa  inermiSy  R.  Br.  (Fig.  173,  £),  and  haying  an  ascus-shaped  terminal 
cell  and  a  short  basal  cell  seated  on  the  epidermis,  are  external  glands. 

To  conclude  the  section  on  the  structure  of  the  leaf  a  tabulated  review  of  the 
more  special  results  obtained  by  Jonsson  is  added.  Jdnsson's  types  are  retained 
in  this  review  ;  they  are  not  systematic  groups,  and  transitions  between  them  occur ; 
as  regards  the  species  investigated  the  ori^nal  work  must  be  consulted. 

I.  Haftdo-ty^.  Leaf-^tructurecentnc;  sclerenchymatous  rod-cells  in  the  pali- 
sade-tissue :  species  of  AdenatUhos,  GrevtUea^  Hakea^  isapogon^  MoUoya,  PetropkUa^ 
Roupala  and  SUnocarpus, 

II.  Isopogan-typo  I.  Leaf -structure  centric ;  ophiurid-like  spicular  cells : 
species  of  Isopogon. 

III.  Isopogan-tvpe  II.  Leaf-structure  centric;  ordinary  sclerenchymatous 
cells :  species  of  Aa^uinthoSf  BeUendena^  Hakea^  Isopogon^  Leucospertnumt  Nivenia, 
Sorocephalus  and  Xylomelum. 

Iv.  Persoonia-tme*  Leaf-structure  centric ;  sderenchyma  of  the  vascular 
bundles  not  vertically  transcurrent :  species  of  Adenanthos^  Aulax,  Conospermum^ 
Embothrium,  Leucadendron,  Mimeies,  Ntvenia,  Persoaniat  Petrophila^Protea^  Semma^ 
SpataUa  and  Stirlingia, 

V.  SyTMphea-ty^.  Leaf -structure  centric;  sclerenchyma  of  the  vascular 
bundles  vertically  transcurrent :  species  of  Hakea  and  Synapkea. 

VI.  Banksia-tm^.  Leaf -structure  bifacial ;  sclerenchyma  of  the  veins  verti- 
cally transcurrent ;  nypoderm  of  1-3  layers :  species  of  Banhsia  and  Dryandra. 

VII.  Grevillea'tyrpe.  Leaf-structure  bifacial;  sclerenchyma  of  the  veins  not 
vertically  transcurrent ;  no  hypoderm  :  species  of  Anadenia^  Brahejum^  GreviUea^ 
Heltcia^  LamberHa^  Lomatia,  Ontes. 

VIII.  Franklandia  fucifolia,  R.  Br. :  Leaf-structure  centric ;  hypoderm. 

IX.  Aulax  umbellata,  R.  Br. :  Leaf -structure  centric  ;  between  the  medulla  of 
the  leaf  and  the  palisade-tissue  a  characteristic  layer  of  cells  with  brown  contents. 

3,  Structure  of  the  Axis.  The  structure  of  the  wood  has  been  examined 
by  me  in  representatives  of  all  the  tribes  ',  and  has  also  been  investigated  by 
Houlbert.  The  vessels  have  a  maximum-diameter  of  -024—05  mm.,  and  in  many 
cases  (in  the  species  of  Banksia,  GrevUlea^  Helicia  and  Lotnatia  examined  by 
me,  and  according  to  Houlbert  in  Banksia^  Dfyandra^  Embothrium,  GreviUea^ 
GuevifMy  Hakea^  Knightia,  Macadafma^  OtUes^  Koupala,  Sienocarpus  and  Xylo- 
mdufHy  but  not  in  Brabejum^  Isopogon,  Persoonia  and  ProUa)  they  have  a  charac- 
teristic arrangement  in  the  tangential  direction,  being  at  the  same  time  em- 
bedded in  zones  of  wood-parenchjona  similarly  situatra.  The  prorations  of 
the  vessels  are  exclusively  simple.  The  vessel-wall  is  provided  with  bordered 
pits  where  it  is  in  contact  with  parenchyma.  Spiral  thickening  of  the  walls  of 
the  vessels  has  been  observed  in  Dryandra  farmosuy  R.  Br.,  GreMlea  Baueri^ 
R.  Br.  and  Persoonia  acerosa,  Sieb.  Tlie  medullary  rays  are  usually  broad ;  they 
are  narrow,  1-3  cells  thick,  only  in  the  species  of  Franklandiay  Persoonia  and 
Symphyonema  investigated  by  me.  The  wood-prosenchyma  is  invariably 
thick-walled,  occasionally  {Hakea  suaveolens,  according  to  De  Bary)  provided 
with  a  gelatinous  layer,  and  always  bears  distinct,  though  sometimes  small 
bordeiea  pits.  On  the  inner  side  of  the  primary  vessels  groups  of  scleren- 
chsonatous  fibres  are  developed  in  many  cases  (in  all  the  species  investigated 
by  me,  excepting  those  of  Symphyonema  and  Persoonia ;  see  juso  Vesque,  loc.  cit. 
and  BaiUon,  Hist.  d.  pi.,  t.  ii,  p.  406). 

^  Species  of  Protea^  A<Unanthos,  SynapAea,  dmospermmn,  f^xmkiaftdia^  Symphyonema^ 
Persooma,  Helicia^  GrevilUa,  Lcmatia^  Embothrium,  Banksia  and  Dryandra, 
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Regarding  the  stmcture  of  the  cortex  our  information  is  still  scanty; 
Hffler's  investigations  extend  to  species  of  Banksia^  Hakea^  Leucadendron  and 
Leucospermum,  The  formation  of  cork  takes  place  subepidermally  (species  of 
Banksia^  Grevittea  and  Hakea,  accordii^  to  Sanio»  Mdller,  Douhot  and  J.  E. 
Weiss).  The  differentiated  cork  consists  of  cells  with  thin  walls  and  wide 
lnmina,  or  of  somewhat  thick-walled  cells.  The  primary  cortex  sometimes 
contains  stone-cells ;  in  the  pericyde  there  are  isolated  groups  of  bast-fibres. 
In  Banksia^  Leucospermum  and  Leucadendron  the  secondary  bast  is  charac- 
terized by  the  following  features :  the  tangential  arrangement  of  compact 
bundles  of  hard  bast,  in  addition  to  which  there  are  smaller  isolated  groups 
of  hard  bast  and  sclerench3miatous  parench3mia  with  elements  of  varying 
shape ;  the  broad  medullary  rays,  which  become  sclerosed  independently  of 
the  hard  bast;  and  the  sieve-tubes»  the  elements  of  which  are  devoid  of  sieve- 
fields  only  for  a  short  distance  in  the  middle  of  their  length. 

litemtore:  Mohl,  SpftltoiF.  d.  Pr.,  Verh.  Leopold.  Akad.,  Bd.  Till,  a.  Abt.,  1833,  pp.  789-804 
and  Tab.  Iz-Izi,  and  Venn.  Schr.,  1845,  p.  245  et  acq.— Strasbnrger,  Spalto£h.,  Pringsheun  Jahrb., 
Bd.  ▼,  1866-7,  pp.  338-9  and  Tab.  zli — ^Vesqne,  in  Ann.  ac.  nat.,  s6r.  6,  t.  ii,  1875,  p.  145. — ^Moller, 
Holamatt  Dcnkschr.  Wiener  Akad.  1876,  pp.  42-4  and  338  et  seq.~De  Bary,  Vers:!.  Anat,  1877.— 
Aneschong,  Blad.  anat,  Minneaskr.  Land,  1878,  p.  135  et  aeq.^Bengt  Jonaaon,  Bidr.  till  kSnnedom. 
OBi  blad.  anat  byggn.  boa  Pr.,  Acta  Univ.  Lond,  vol.  X9,  1878-9,  49  pp.  and  3  Tab.;  aee  alao 
Jnst  i880y  i,  pp.  II 3-14. — ^Tachbcb,  Aaannilationaoig.,  Linnaea,  Bd.  43,  ie8o-8a,  p.  139  et  aeo.  and 
Tab.  ii.— Moller,  Riodenanat,  i88a,  pp.  110-24.— -Solereder,  Holzatr.,  1885,  pp.  aa8-30.— O.  Bach- 
mami,  Scfaildh.,  Flora  1886,  aep.  copy,  p.  i6u— Donliot,  in  Ann.  ac  nat,  a^r.  7,  t.  z,  1889,  pp.  331-a. 
-—J.  E»  yfdm,  Koikbild.,  Dcnkacfar.  Regenab.  bot.  Geaellach.  1890,  aep^  copy,  p.  55. — iSigler,  in 
NatQrL  Pflanaenfam.,  iii,  Tdl,  Abt  i  (1804),  pp.  lao-a.— Hoidbert,  Boia  sec.  dana  lea  Ap<fitalca, 
Thhe,  Paria,'i893,jpp.  13-43  '^  P^  ^"^ — Knche,  in  Engler,  Jahrb.,  Bd.  xzi,  1895,  p.  37  and 
Cfailen.  Holaeew.,  Pnngaheim  Jahrb.,  Bd.  xxx,  1897,  p.  9a.— [Taad,  Le  Proteacee,  BulL  del  Lab. 
ed  Orto  bot  della  UniT.  di  Siena  1898,  pp.  67-134, 13  tav.] 

THYMELAEACEAE. 

I.  Review  of  the  Anatomical  Features.  This  Order  is  characterized 
in  a  most  excellent  manner  by  the  structure  of  the  stem.  In  all  the  genera,  with 
the  single  exception  of  Drapetes,  there  is  intraxylary  phloem  \  accompanied 
by  more  or  less  abundant  hard  bast-fibres,  and  the  external  bast  is  likewise 
dstinguished  by  the  presence  of  numerous  bast-fibres.  The  following  features 
may  auso  be  described  as  general  anatomical  characters  of  the  Ordo: :  the  super- 
ficial development  of  the  cork,  the  simple  perforations  of  the  vessels,  wood-pros- 
eDcbymsL  with  bordered  pits,  narrow  medullary  ra}^  in  the  wood,  the  absence 
of  external  and  internal  ghnds,  and  the  lack  of  a  special  type  of  stoma.  Oxalate 
of  lime  is  deposited  in  very  different  forms,  namely  as  ordinary  solitary  crystals, 
styloids,  clustered  crystals  and  cr3rstal-sand ;  these  forms  have  no  ^eat 
systeinatic  importance.  The  trichomes  are  simple  and  unicelliilar ;  hairs  of 
a  special  form,  viz,  two-armed  hairs,  have  only  been  observed  in  Daphnopsis. 
Interxylary  in  addition  to  the  intraxylary  phloem  is  present  in  six  genera, 
namely  Linostomay  LophostomOy  Synaiiolepisy  AquUaria,  Gyrinops  and  Gyri' 
nopsis ;  it  is  given  ofE  internally  by  the  cambium.  The  following  are  special 
anatomical  features,  which  are  of  value  for  specific  or  generic  diagnosis  :  the 
gebtinjgation  of  the  epidermis  of  the  leaf  and  stem,  occurring  in  very  many 
cases  ;  papillose  differentiation  of  the  epidermis  of  the  leaf  (species  of  Daphne) ; 
the  occurrence  of  stomata  exclusively  on  the  upper  surface  of  the  leaf  (species 
of  Passerina) ;  the  enclosure  of  the  individual  stomata  in  receptacles  formed 
by  the  papillose  elevation  of  the  neighbouring  cells  (species  of  Edgeworihia^ 
Enkleia,  Lasiosfphon^   Linostomay   Lophosioma  and  Synaptolepis) ;    scleren- 

*  In  AfuUcaria  AgaUockay  Rozb.  the  internal  groups  of  soft  bast  become  transformed  by 
seoondary  changes  into  inTenely  orientated  mednllary  ▼asciuar  bandies  (see  below). 
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chymatous  fibres  in  the  mesophyU  (species  of  Daphne^  Daphnopsis,  Enkleia, 
Lasiosipkon,  Laphostama,  Ptddiea,  Stephanodaphne) ;  finally,  the  occurrence  or 
absence  of  intrajcylary  phloem  in  the  midrib  of  the  leaf  and  in  the  petiole,  and 
also  the  epidermal  or  subepidermal  origin  of  the  cork  (accordmg  to  Van 
Tieghem). 

2.  Structure  of  the  Leaf.  The  structure  of  the  leaf  and  axis  is  well 
known  from  the  investigations  of  Van  Tieghem  and  Supprian. 

The  leaf-structure  is  bifacial  in  most  cases.  The  palisade-tissue  gene- 
rally consists  of  short  cells ;  the  spongy  tissue  has  large  or  small  intercellular 
spaces.  Centric  leaf -structure  with  development  of  pali^de-tissue  on  both  sides 
of  the  leaf  has  been  demonstrated  in  species  of  Pitnelea,  ThymeUua^  Stellera 
and  Diarthran ;  a  mesophyll  composed  of  isodiametric  cells  has  been  found  in 
species  of  Drapetes.  In  certain  species  the  mesophyll  is  traveled  quite  irregu- 
larly by  sclerenchymatous  fibres  {Daphnopsis  Guacacoa,  Wright  ed.  Griseb. 
according  to  Radlkofer;  species  of  EnkUiaj  Daphne  secXion  Eriosolena,  Lopho- 
stoma,  Peddiea  and  Stephanodaphne  according  to  Van  Tieghem  ;  Daphne  pen- 
dula,  Sm.,  £>.  Wallichii^  Meissn.,  Lasiosiphon  scandens,  £ndl.»  Peddiea  Ftschert^ 
Engl.,  P.  parviflora,  Hook,  f.,  and  Stephanodaphne  cremostachya^  Baill. 
according  to  Supprian). 

In  the  leaf  the  cells  of  the  epidermis  are  generally  low ;  their  lateral  walls 
are  usually  straight  on  the  upper  side  of  the  leaf,  undulated  or  straight  on  the 
lower  side.  Daphnopsis  Humboldtii,  Meissn.,  Drapetes  Dieffenbadni,  Hook, 
and  Thymelaea  hirstUa,  Endl.  possess  epidermal  cells  of  greater  height ;  in 
Dais  cotinifolia,  L.  this  is  only  the  case  above  the  median  vein,  while  on  either 
side  of  the  latter  the  epidermal  cells  gradually  decrease  in  height.  Epidermal 
cells  having  their  walls  arched  outwards  are  found  in  species  of  Linostoma ; 
papillose  epidermal  cells  occur  on  the  lower  side  of  the  leaf  in  Daphne  *  com- 
posita '  and  D.  involucraia  (Van  Tieghem).  The  thickness  of  the  outer  wall 
varies  in  relation  to  climate  and  habitat.  The  cuticle  is  usually  smooth  ;  excre- 
tion of  wax  is  rare,  and  the  amount  of  it  is  never  considerable  (Lagetta,  Pimelea). 
Grelatinization  of  the  inner  membranes  of  epidermal  cells,  on  the  other  hand, 
is  very  conmion.  Mucilaginous  epidermal  cells  in  the  leaf  have  been  observed 
by  Radlkofer,  Bokomy,  A.  Wagner,  Van  Tieghem  and  Supprian  in  species 
of  the  following  genera  :  ArthrosoUn,  Chymococca,  Cryptadeniaj  Daphne^  Diar* 
thron^  DicranoUpis^  Edgeworthia,  Gnidia,  Lachnaea,  Lagetta,  Lasiadenia,  Lasio- 
siphon, Leucosmia,  Linodendron,  Linostoma,  Lophostoma,  Ovidia,  Passerina^, 
Peddiea,  Phaleria,  Pimelea,  Stellera,  StriUhiola,  Synaptolepis,  Thymelaea,  and 
Wikstroemia ' ;  in  some  cases  they  give  rise  to  transparent  dots  in  the  leaf. 
The  gelatinization  of  the  internal  membranes  is  often  considerable ;  sometimes 
a  few  unchanged  cellulose  lamellae  still  remain  in  the  gelatinized  membrane 
(Arthrosolen  gymnostachys,  C.  A.  Mey.  and  A.  somalensis,rig.  174,  A,  according 
to  Supprian  and  Van  Tieghem  respectively).  It  may  be  added  that,  according 
to  Van  Tieghem,  cells  with  mucilaginous  inner  membranes  sometimes  occur 
also  in  the  epidermis  of  the  stem  {Arthrosolen,  Diarthron,  species  of  Gnidia 
section  Phidia,  species  of  Stellera  section  Dendrostellera,  speaes  of  Thymelaea 
section  Lygia),  or  in  the  subepidermal  layer  of  cells  in  the  stem  (species  of 
Phaleria).  The  structure  of  the  epidermis  of  the  leaf  in  Phaleria  cocdnea,  BailL 
and  P,  octandra,  Baill.  deserves  special  notice ;  in  the  first  of  these  species 
epidermal  cells  with  their  walls  uniformly  and  strongly  thickened  occur  scattered 
amongst  the  ordinary  epidermal  cells  on  both  sides  of  the  leaf ;  in  the  second 

^  De  Bary*s  statement  r^arding  diyision  of  the  epidermal  cells  by  means  of  horuontal  walls  in 
P,  eriafides  (p.  35)  is  erroneoos,  and  referable  to  the  gelatinization  referred  to  aboTe. 

'  Van  Tieghem  (loc.  dt)  goes  too  far  in  ascribing  generic  valne  to  the  gelatinization,  without 
having  examined  a  sufficient  nnmber  of  species ;  in  general  the  occurrence  of  mncilaginons  epidermal 
cells  is  only  a  specific  character. 
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species  these  ceUs  are  only  present  on  the  upper  side  of  the  leaf.  The  stomata 
are  generally  found  either  on  both  surfaces  or  only  on  the  lower.  In  Passerina 
ericoideSy  P.  filiformis  and  P.  hirsuiay  the  leaves,  which  are  adpressed  to  the 
branchy  bear  stomata  on  the  upper  side  only;  the  tissues  of  the  leaf  have  cor- 
responding positions,  the  palisade- tissue  bemg  situated  on  Uie  lower  (external), 
and  the  spongy  tissue  on  the  upper  side  (Camel).  The  stomata,  as  far  as 
I  have  ascertained^jx)ssess  no  special  subsidiary  cells  {Daphne  Laureolay  Aqui- 
Ittria  AgaUocha).  They  may  either  lie  at  the  same  level  as  the  epidermis,  or 
may  be  depressed,  or  rarely  (Passerina)  somewhat  raised.  Pecuhar  stomata 
(Fig.  174,  B-C),  viz.  such  as  occur  singly  at  the  base  of  flask-shaped  receptacles, 
of  which  the  wall  is  formed  by  the  elongated  cells  (six  to  ten  in  number)  adjoin- 
ing the  guard-ceUs,  are  present  in  EnkUia  malaccensis.  Griff,  (according  to 
Van  Tieghem),  Linodendron  (according  to  Radlkofer),  Linostama  decandrumy 


FlO.  1 74.  A,  Mocilaginou  epidermal  cells  in  the  leaf  tAArikro- 
solen  SMmaUmsi*.  »-c.  SComaU  enclosed  in  receptacles:  r  in 
tiansvene  section;  C,  sarface-view.  D.  Transverse  section  of  tbe 
leaf  of  DUrmmoUpi*  BtnUutmimna  with  styloids.— A  and  D  after 
Vaa  Tieghem,  B-c  after  Sopprian. 

Wall.,Lastos»^Aon  scandens,  £ndl.,  Laphostoma 
calophylloideSy  Meissn.,  Synaptolepis  Kirkii, 
Oliv.  and  Edgeworthia  Gardneri,  Meissn.  (ac- 
cording to  Supprian). 

The  vascular  bundles  of  the  veins  of  the 
leaf  are  invariably  accompanied  by  bast-fibres 
(Supprian).  Bundles  of  hiard  bast  occur  at  the 
margin  of  the  leaf  in  species  of  Daphnopsts, 
Dicranolepis,  Passerina  and  Synaptolepis. 

Neither  internal  secretory  organs  nor 
external  glands  are  present.  The  hairy 
covering  in  all  cases  consists  of  unicellular  trichomes,  according  to  Supprian. 
A  special  form  of  these  is  constituted  by  the  two-armed  hairs,  which,  according 
to  Radlkofer,  occur  only  in  Daphnopsis  Guacacoa^  Wright,  while  in  D.  cuneaUiy 
RadUc  ^one  but  ordinary  unicellular  trichomes  are  present ;  in  £>.  angustifoUa, 
Wright  ed.  Griseb.,  however,  the  trichomes  of  the  floral  region  show  a  tendency 
to  the  formation  of  two-armed  hairs. 

Oxalate  of  lime  occturs  in  the  form  of  ordinary  rhombohedral  solitary 
cx^tals,  prismatic  crystals  of  more  or  less  pronounced  styloid-like  shape 
(Fig.  174,  D),  clustered  crystals,  and  typical  crystal-sand.  No  very  great 
svstematic  value  should  be  attached  to  the  various  forms  of  excretion  in  this 
Order,  which  is  contrary  to  the  results  obtained  in  other  Orders ;  this  conclu- 
sion agrees  with  the  statements  of  Gilg  and  Supprian,  but  differs  from  those  of 
Van  Tieghem ;  I  convinced  myself  of  this  point  during  an  investigation  (under* 
taken  some  years  ago,  but  not  published)  of  the  structure  of  the  axis  in  most 
of  the  genera  of  this  Ch-der. 

It  is  not  a  rare  occurrence  for  ordinary  solitary  crystals  to  be  connected  with 
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typical  styloids  by  transitions  in  the  same  species.  Qustered  crystals,  styloids  and 
soHtary  crystals  occur  embedded  in  crystal-sand.  Several  of  these  forms  of  cryerta]8» 
even  the  most  characteristic  types,  viz.  styloids  and  crystal-sand,  are  sometimes 
found  within  the  limits  of  a  genus  in  closely  related  species,  or  even  side  by  side  in 
the  same  species.  Under  these  circumstances  the  employment  of  the  features  pre- 
sented by  the  crystals  for  s^rstematic  purposes  is  rendered  very  difficult.  For  the 
actual  determination  of  their  systematic  value  far  more  extensive  investigatiofis 
than  have  hitherto  been  carried  out  would  be  necessary ;  such  work  would  repay 
none  but  the  monographer,  who  employs  endomorphic  to  supplement  exomorphic 
characters  when  distinguishing  different  genera  and  species.  For  the  purpose  of 
this  book  the  following  table  may  suffice  ;  it  combines  Van  Tieghem's  statements 
with  the  results  of  my  own  investigation,  referred  to  above.  In  order  to  avoid  false 
conclusions  when  usmg  this  tabulated  review,  it  must  be  pcnnted  out  that  several 
forms  of  crystals  sometimes  occur  side  by  side  in  the  same  species : 

I.  Clustered  crystals  have  been  observed  in  species  of  PimeUa^  SchoenobMoSp 
Daphne^  Ovidia^  Dirca^  Daphnopsis^  Lasiadenia^  DaiSy  Edgeworthia^  ArthfosoUn^ 
GoodaUia,  Funifera^  Lagetta,  Cryptadenia^  Struihiola^  Gni^ta,  LasiosipkoHf  Linostoma^ 
Lophostotna,  Enkleia,  Synapiolepis,  Suphanodaphne  ;  Peddiea,  Leucosmia,  Phaleria, 
Pseudais. 

II.  Ordinary  solitary  crystals  in  species  of  Schoenobibhs^  Dirca^  Daphnopsis^ 
Lasiadenia^  Dais^  Arthrosolen,  Goodallia^  Lagetta^  Lasiosiphan  ;  Peddiea,  Phalefta, 

III.  Columnar  crystals  and  typical  styloids  with  intermediate  forms  in  species  of 
PimeUa^  Daphne^  Ovidia,  Dirca^  Daphnopsis,  Lasiadenia^  Dais,  Arihrosolen^  GoodaUia^ 
Funifera,  Lagetta^  Cryptadenia,  Stfuthiola^  Gnidia^  Lasiosifkan,  Linostoma,  LophO' 
stotna,  Dicranoleiis,  Linodendron,  Suphanodaphne  ;  Peddtea^  Leucosmia,  Phaieriat 
Pseudais  ;  Aquitaria^  Gyrinops,  Gyrinopsis, 

IV.  Bundles  of  narrow  acicular  or  prismatic  crystals  in  species  of  Dirca  and 
Pimelea. 

V.  Crystal-sand  in  species  of  Ovidia^  Dais,  Passerina,  Chymococca,  Funifera^ 
Cfypiadenta,  Lachnaea,  Gnidia,  SynaptoUpis  ;  Gyrinops  (namely  Lachnolepis  moluc^ 
cana,  Miq.). 

VI.  Crystal-sand,  enclosing  an  ordinary  solitary  cxystal  or  a  prismatic  crystal, 
in  species  of  Schoenobiblos,  Daphnopsis,  Dais,  Lagetta,  Phaleria,  Pseudais. 

VII.  Crystal-sand,  enclosing  clustered  crystals,  in  species  of  Ovidia  and  PhaUria. 

VIII.  According  to  Van  Tieghem  and  Supprian,  no  crystals  are  present  in  species 
of  Daphne,  Thytnelaea,  Wikstroemia,  SteUera,  Diarthron,  Drapetes. 

Before  leaving  this  subject  it  may  be  added  that  in  the  tissues  of  young 
organs  of  Daphne  Laureola,  L.  peculiar  sphaerocrystalline  bodies  appear  on 
the  addition  of  alcohol ;  they  have  been  investigated  by  Hansen  and  Baccarini. 

3.  Structure  op  the  Axis.  The  most  important  feature  is  the  intra* 
xylaxy  phloem,  which  has  been  demonstrated  by  Petersen,  Solereder,  Supprian, 
Van  Tieghem  and  Gilg  in  all  the  genera  with  the  exception  of  Drapetes.  Supprian 
and  Van  Tieghem  between  them  have  made  investigations  with  regard  to  this 
feature  in  species  of  almost  all  the  genera  of  Thymelaeaceae  given  by  Durand, 
as  well  as  Linodendron,  Lophostoma  and  Enkleia ;  the  only  genera  in  whidi 
tl^y  had  no  material  were  Schoenobiblos  and  GoodaUia,  For  tiiese  two  genera 
also  I  am  able  to  record  the  occurrence  of  internal  soft  bast,  having  m}^self 
examined  Schoenobiblos  daphnoides.  Mart.  (Herb.  Monac.)  and  GoodMia  guia^ 
nensis,  Benth.  (Herb.  DC.) ;  this  tissue  is  also  present  in  the  new  genus 
Enderodendron,  Gilg.  A  few  remarks  may  be  made  on  the  exceptional  case 
of  Drapetes ;  the  species  (of  which  D.  Dieffenbachii^  D,  ericoides,  D,  LyalUi  and 
D.  muscosus  have  been  investigated)  have  a  moss-like  habit ;  on  the  evidence 
of  exomorphic  characters  Drapetes  is  a  true  member  of  the  Thymelaeaceae, 
in  spite  of  the  absence  of  intraxylary  phloem  and  of  other  anatomical  charac- 
ters, which  are  otherwise  of  general  occurrence  in  this  Order,  and  will  be  referred 
to  later.  This  is  not  the  pkce  for  entering  into  theoretical  specidations  as  to 
how  far  the  absence  of  these  anatomicsd  features  in  Drapetes  may  be  explained 
by  mode  of  life  and  habit. 

The  intraxylary  soft  bast  is  developed  in  varied  abundance.    Very  fre- 


THYMELAEACEAE  719 

qneatly  bast-fibres  are  present  at  the  inner  margin  of  this  tissae,  and  they  may 
abo  be  embedded  in  it ;  in  the  latter  case  the  bast-fibres  often  have  a  similar 
distribution  to  those  in  the  outer  bast.  Not  uncommonly  an  increase  of  the 
intraxylary  phloem  takes  place  by  means  of  a  cambial  rmg  appearing  at  the 
inner  margin  of  the  xylem-ring,  e.g.  in  species  of  Daphne  and  Aquilmm. 
In  Aqmlaria  Agattocha^  according  to  Van  Ti^hem,  this  cambium  not  only 
produces  phloem  internally,  but  also  woody  tissue  externally,  so  that  in 
this  plant  we  have  secondsiry  formation  of  inversely  orientated  medullary 
vascular  bundles. 

The  intreu^lary  phloem,  unlike  the  same  tissue  in  other  Orders  in  which  it  occurs, 
is  to  be  found  m  the  petiole  and  the  midrib  of  the  leaf  only  in  a  certain  proportion 
of  the  genera  (Lamounette  and  Van  Tieghem).  According  to  Van  Tieghem,  ihe 
presence  or  absence  of  this  tissue  in  the  petiole  and  midrib  has  systematic  value 
for  genera  and  sections  of  genera,  as  the  following  review  shows. 

Internal  soft  bast  ('  tubes  pWdesmicjues ')  is  not  present,  according  to  Van 
Tiec^iem,  in  the  vascular  system  of  the  petiole  and  midrib  of  the  leaf  in  the  following 
genera:  Pimelea  sections  EupimeUa^  Thecanikes  and  Gymnococca^  Scho&nobibhSt 
Daphne  (exd.  section  Eriosaleka),  Ovidia^  Dircat  Thymelaea,  Dais,  SteUera,  Arihro- 
solen,  DiarthroH,  Passerina^  Chymococcaj  Cryptadenia,  Lachnaea,  Drapeies,  StnOhiola, 
Gnidiat  LasiosiphoHf  Linostoma^  Dicranolepis  ;  Pseudais,  Peddiea.  Internal  phloem 
('  tubes  p6ridesmiques ')  is  msent,  on  the  other  hand,  in]  the  following  genera 
and  sections  respectively:  Daphne  section  EriosoUna,  DdphnopsiSt  Lasiadeniay 
Edgeworthiat  Wihstroemtat  Funifera,  Lafetta,  Lophostoma^  EnhUia^  SynaptoUpis^ 
Stephanodaphne,  Linodendron ;  Leucosmta,  Phaleria ;  Aquilaria,  Gyrinops,  Gyrin" 
opsis. 

The  pith  consists  of  lignified  and  unlignified  cells.  Stone-cells  are  found 
in  the  species  of  DrapeUs,  Lasiosiphan,  Linostoma,  Lophostama,  PimeUa^  Stdlera 
and  Synaptolepis. 

The  structure  of  the  wood  has  been  examined  in  almost  all  the  genera  of 
the  Order  by  Supprian,  and  by  me  in  the  investigations  mentioned  above. 
On  this  subject  the  following  statements  ma^  be  cited.  The  vessels  in  the 
secondary  wood  generally  form  groups  of  variable  size,  or  rarely  {Thymdaea 
vittosa,  Endl.)  radial  rows.  Their  maximum  diameter  varies  between  -02  and 
-oy  mm.  They  have  exclusively  simple  perforations,  and  there  are  bordered 
pits  on  their  walls,  even  on  those  in  contact  with  parenchyma.  Spiral  thickening 
of  the  walls  of  the  vessels  has  been  observed  in  species  of  Artkrosolen^  Dais, 
Daphne,  Daphnopsis,  Dirca,  Lachnaea,  Ovidia,  Passerina,  Pimelea,  Stellera  and 
Wihshvemia.  The  wood-parenchvma  is  usually  scantily  developed,  but  is 
somewhat  more  abundant,  and  takes  the  form  of  tangential  bands  in  Lagetta 
Unieana,  Lam.,  Dirca  palustris,  L.  and  Pimelea  incana,  R.  Br.,  according  to 
Houlbert.  The  wood-prosench3ana  in  most  cases  has  wide  lumina  and  bor- 
dered pits.  The  borders  of  the  pits  may  be  smaU  or  large,  but  even  when  small 
they  are  distinct  in  section.  The  following  constitute  exceptions  as  regards 
the  pitting  of  the  wood-prosenchjona :  Diarthron  vesiculosutn,  C.  A.  Mey.,  in 
which  the  wood-prosenchyma  may  be  described  as  having  simple  pits,  Edge- 
warMa  chrysanika,  Lindl.  with  wood-fibres  bearing  simple  (roimdish)  and 
bordered  pits,  and  Lasiadenia  rupesHs,  Benth.  with  short  prosenchvmatous 
cells  having  wide  lumina  and  relatively  thin  walls,  which  are  provided  with 
simple  roundish  pits.  The  medullary  rays  consist  of  from  one  to  two  rows  of 
cells,  rarely  as  many  as  four. 

Interxylary  phloem  has  been  observed  in  six  f  enera,  namely  Linosioma, 
Lophostoma,  Synaptolepis,  Aquilaria^  (incl.  Aquuariella  and  Lachnolepis), 
Gyrinaps  and  Gyrinopsis.    This  feature  was  demonstrated  by  me  (1885  and 


The  ioterxjlary  phloem  oi  Aquilaria  is  wrongly  interpreted  by  MoUer  (1876). 
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1890)  in  Linosioma  decandrum,  Wall.\  Lophostoma  calophylloides^  Meissn.^ 
L.  ovaium^  Meissn.,  AquUaria  AgaUocka,  Roxb.,  A.  grandiflorum,  Benth., 
A.  malaccensis^  Lam.,  A,  microcarpa^  Baill.,  A.  Ophispermum,  Poir.  (?),  Gyrinaps 
Walla,  Gaertn.  and  Gyrinopsis  Cumingiana,  Decne.,  by  Van  Tieghem  in  Synap- 
tolepis  Kirkii,  Oliv.,  AquUaria  Beccariana,  V.  T.,  AquUaridla  bomeensis,  V.  T. 
and  LachnoUpis  fnoluccatia,  Miq.  The  origin  of  this  tissue  has  been  investigated 
in  Linostoma,  AquUaria,  Gyrinops  and  Gyrinopsis,  and  in  these  it  is  prodnced 
internally  by  the  cambium  (Thouvenin,  Van  Ti^hem).  It  is  worthy  of  remark 
that  in  some  of  the  species  mentioned  (in  AquUaria  Agallocha,  A.  nudaccensis, 
and  A.  microcarpa,  Gyrinops  Walla ;  and  also  in  Lophostoma  calophylloides, 
according  to  Van  Tieghem)  bast-fibres  occur  in  the  islands  of  soft  bast  in  the 
wood  ;  uiis  is  doubtless  connected  with  the  abundant  development  of  the  hard 
bast  in  this  Order,  for  islands  of  soft  bast  in  the  wood  do  not  require  any  me- 
chanical elements. 

In  the  structure  of  the  cortex  the  development  of  the  cork  is  specially 
characteristic.  The  cork-cambium  arises  either  in  the  epidermis  itseu,  or  in 
the  outermost  cell-layer  of  the  primary  cortex.  Van  Tieghem  ascribes  con- 
siderable systematic  importance  to  these  two  modes  of  origin,  as  is  evident  from 
the  following  summary ;  it  remains  to  be  determined  whether  this  view  is  really 
correct.  The  cork-cdls  are  mostly  flat,  rarely  {Lachnaea  and  Cryptadenia, 
according  to  Van  Tieghem)  they  have  rather  wide  lumina.  They  have  uni- 
formly thickened  membranes. 

The  development  of  cork  in  the  epidermis  has  been  observed  by  Van  Ti^hem 
in  the  genera  Daphne  (incL  section  Eriosolena),  Lasiadenia,  Dats,  Edgeworthia, 
Wiksirdemia,  SteUeva  (section  Chamaestelhra),  ArthrosoUn  laxus  (-^  RhyHdosolen, 
Van  Tiegh.),  LagsUa,  Drapetes  pro  parte,  Gnidia  pro  parte  {Gnidiopsis,  Van  Tieeh.), 
Linostoma,  Lophostoma,  Enkleia,  Dicranolepis,  Synaptolepis,  Linodendron  ;  Leu- 
cosmia,  Phahrta,  Pseudais  ;  AquUaria  pro  parte,  Gyrinops,  Gyrinopsis. 

The  following  have  subepidermal  formation  of  cork,  according  to  Van  Tieghem : 
PimeUa,  Ovidia,  Dirca,  Thymelaea,  Daphnopsis,  StelUra  (section  D&ndrostellera), 
ArthrosoUn,  Diarthron,  Passerina,  Chymococca,  Funifera,  Cryptadsnia,  Lachnaea, 
Drapetes  pro  parte  (Daphnohryon  ericoides),  Struthiola,  Gnidia  pro  parte,  Lasiosiphon, 
Stephanodaphne  ;  Peddiea  ;  AquUaria  pro  parte  (AquUarieUa,  Van  Tiegh.). 

The  primary  cortex  contains  strongly  developed  collenchymatous  tissue 
in  Dirca  (Supprian),  palisade-tissue  in  species  of  Gnidia  and  Thymdaea  (Van 
Tieghem).  In  a  transverse  section  the  groups  of  bast  belonging  to  the  vascular 
bundles  usually  become  narrower  outwards  in  the  form  of  a  wedge,  as  in  the 
lime,  the  primary  medullary  rays  between  them  being  correspondingly  widened. 
Primary  hard  bast  occurs  in  all,  secondary  hard  bast  in  almost  suU  cases  (tiiie 
only  exception  known  being  Drapetes),  The  bast-fibres  are  generally  devdoped 
in  abundance,  and  are  visible  even  to  the  naked  eye  on  breakmg  a  young  branch, 
for  they  then  project  as  silky  fibres  at  the  broken  surface.  Their  arrange- 
ment in  the  secondary  bast  varies.  They  are  either  scattered,  or  form  den- 
dritic figures  in  the  transverse  section  of  the  branch,  or  they  give  rise  to 
a  concentric  stratification  into  hard  and  soft  bast.  As  regards  the  structure  of 
the  bast-fibres,  it  may  be  mentioned  that  the  degree  of  thickening  of  the  walls 
varies,  the  waUs  may  be  li^ified  or  unlignified,  frequently  no  pits  are  present, 
and  septation  of  the  lumina  never  occurs.  Peculiar  swelling  in  the  bast- 
fibres  have  been  observed  bv  Wiesner  (Rohstoffe)  in  Lasiostphon  sfeciosus, 
Decne.,  and  by  Supprian  in  Daphnopsis  Bonplandii,  Meissn.,  while  tne  fibres 
were  f oimd  by  Supprian  to  have  an  undulated  course  in  Peddiea  Fischeri,  Engl. 


'  Linestoma  scaudem,  Kun,  a  nedes  which  has  often  been  tnniferred  (Syn. :  Enkleia  nuUac- 
censis.  Griff.,  Lasi&siphcn  scandins,  EndL  ftc),  does  not  possess  these  islands  of  soft  bast,  at  least 
not  in  branches  from  herbarium-material. 
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Appendix :   On  the  anomalous  genera  Octolepis  and  Gonysiylus. 

Gonystylus  has  been  split  into  three  genera  (G(my^ylus^Asc0  rum  and  Amyxa) 
By  Van  Ti^hem,  but  this  subdivision  is  unwarranted.  The  two  genera  Octolepis 
and  Gonystylus  agree  with  the  Thymelaeaceae  in  the  structure  of  the  bast,  the 
sn])erficial  development  of  cork^  the  occurrence  of  simple,  imicellular  hairs,  and 
the  absence  of  glandular  hairs,  but  are  essentially  distinguished  from  them 
by  the  absence  of  the  intraxylary  phloem  and  the  presence  of  cells  containing 
mucilage  in  the  parench3mQatous  tissues  of  the  leaf  and  axis.  The  genus 
Gonystylus  is  especially  characterized  by  secretory  cavities,  which  are  apparently 
lysigenous,  and  sometimes  give  rise  to  transparent  dots  in  the  leaf. 

The  genus  Gonystylus^  in  which  I  was  the  first  to  observe  secretory  cavities  and 
the  absence  of  internal  soft  bast,  has  recently  been  raised  to  the  rank  of  a  separate 
Order,  the  Gon3rstylaccae,  and  placed  near  the  Tiliaceae.  Radlkofer  and  Van 
Tieghem  have  likewise  investigated  it.  Van  Tieghem  also  had  the  opportunity  of 
examining  Octolepis  Casearia^  Oliv.  Of  Gonystylus  he  had  the  foUowmg  material 
at  his  disposal :  G.  Miquelianus^  Teysm.  et  Binn.,  G.  afjinis,  Radlk.  (Syn. :  G,  Becca- 
HanuSf  van  Tiegh.),  G.  bomeensis  (Syn.:  AscUrum  borneense.  Van  Tiegh.)  and 
G.  pluricomiSf  Radlk.  (Syn. :  Amyxa  kutcinensis.  Van  Tiegh.). 

The  following  statements  may  be  added  re^urding  the  two  genera,  taking 
Gonystylus  first.  The  leaf-structure  is  bifadal.  Stomata  are  only  found  on  the 
lower  side  of  the  leaf ;  in  G.  affinis  they  are  surrounded  by  a  rosette  of  somewhat 
smaller  epidermal  ceUs.  The  epidermis  of  the  leathery  leaves  of  G.  Miqueliani4S 
and  G.  affinis  has  a  remarkable  structure  ;  its  cells  are  dongated  towards  "uie  meso- 
phyll  in  the  form  of  conical  proliferations  ;  some  of  these  cells  are  sclerosed  on  all 
sides,  the  remainder  have  mucilaginous  inner  walls.  In  G.  bomeensis  the  mucila- 
ginous ^idermal  cells  alone  are  present ;  in  G.  piuricornis  both  mucilaginous  and 
sclerosea  epidermal  cells  are  absent.  Secretory  cavities  and  mucila^e-cells  are  found 
in  the  mesophyll  of  all  the  species.  Oxalate  of  hme  is  excreted  in  the  form  of  clustered 
crystals,  and,  in  the  axis,  also  in  the  form  of  solitary  crystals  according  to  MoUer. 
As  regards  the  structure  of  the  wood,  it  may  be  mentioned  that  the  perforations  of 
the  vessels  are  exclusively  simple,  and  that  the  wood-prosenchyma,  which  has  wide 
lumina,  is  provided  with  small  bordered  pits.  The  development  of  periderm  takes 
place  superficially,  in  the  epidermis  or  subepidermally  (Van  Tieghem).  In  the  axis 
the  secretory  cavities  are  found  in  the  primary  cortex,  the  mucilage-cells  in  the  pith 
and  primary  cortex. 

Octolepis  possesses  mucilage-cells  only  which  are  found  in  thepith  and  primary 
cortex,  as  well  as  in  the  mesophyll,  and  has  no  secretory  cavities.  The  cork-cambium 
arises  in  the  epidermis  of  the  branch  in  this  plant.  Oxalate  of  lune  is  found  in 
the  form  of  clustered  crystals. 

Literature :  Carnel,  FogUe  della  Passerina  kirstUa,  Ndov.  Giom.  hot.,  vol.  i,  1869,  pp.  i<H'5 
(there  cited  :  Pasqnale,  Eterofilla,  Diss.,  NapolJ,  1867). — Radlkofer,  Monogr.  Serj'ania,  1875,  p.  103. 
— Moller,  Hokanat,  Denkschr.  Wiener  Akad.  1876,  pp.  39-42  and  335  et  seq. — De  Buy,  Veigl. 
Anat,  1877*— Moller,  Rindenanat,  1883,  pp.  114-16.— Petersen,  in  Engler,  Bot.  Jahrb.,  Bd.  iii,  i88a, 
pp.  364-5. — ^Bokomy,  Durchs.  P.,  Flora  1882,  p.  359  and  sep.  copy,  p.  16. — Radlkofer,  in  Sitz.- 
Ber.  Miinch.  Akad.  1884,  p.  487  et  seq. — Soleseder,  Holzstr.,  1885,  pp.  230-3. — Radlkofer,  Durchs. 
Ponkte  anf  Blattem  Sitz.-Ber.  Miinch.  Akad.  1886,  pp.  328-3a— Baccarini,  Sferocristalli,  Malpighia, 
vol.  ii,  1888-9,  pp.  13-15. — Lamonnette,  liber  interne,  Ann.  sc.  nat.,  s^r.  7,  t  xi,  1890,  pp.  274-5. — 
Solereder,  in  Ber.  deutstK-  bot.  GeseUsch.  1890,  p.  (98)  note. — Cohn,  Lagetta  iitUearia,  Jahresber. 
9chles.  Gesellsch.  f.  vaterl.  Knltar  1892,  Bot  Sdct,  p.  65. — ^Thonvenin,  Struct  des  Apiila9ia,jKmm. 
deBoty  t.  vi,  1892,  pp.  212-15. — ^A»  Wagner,  in  Sitz.-Ber.  Wiener  Akad.,  Bd.  ci,  Abt  1,  1892, 
p.  515. — Van  Tieghem,  Street  des  Aquilartaj  Jonrn.  de  Bot  1892,  pp.  217-ip ;  Struct  et  aff.  dea 
Th.  etc,  Ann.  sc.  nat,  s^r.  7,  t.  xvii,  1^3,  pp.  185-204  and  Tab.  ix ;  see  also  BnlL  Soc.  bot.  de  France 
1893,  pp.  65-78. — Honlbert,  Bois  sec.  dans  les  Ap&iles,  These,  Parii,  1893,  pp.  83-91. — Snpprian, 
Bdtr.  z.  Kenntn.  d.  Th.  etc,  Diss.,  Berlin,  1894,  52  pp.  and  i  Tab.,  also  Engler,  Bot  Jahrb.»  Bd. 
zviiL — Gllg,  Verwandtschaftsverh.  d.  Thymelaeales  etc.,  Engler,  Bot  Jahrb.,  Bd.  zviii,  1894,  pp. 
542-54,  and  in  Natiirl.  Pflanzenfam.,  iii.  Tell,  Abt  6  a,  1894,  p.  217. — Gilg,  in  Natiirl.  Pflanzenfam., 
Nachtr.  u.  Reg.,  Telle  ii-iv,  1897,  p.  231. — Knhla,  Phelloderm,  Bot.  Centralbl.  1897,  iii,  p.  199. — 
J.  Moller,  Lignum  Aloes,  Pharm.  Post  1897. 
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PENAEACEAE. 

This  small  Order,  which  is  generally  placed  in  the  neighbourhood  of  the 
Thymelaeaceae,  agrees  anatomically  with  the  latter  in  possessing  intraxylary 
soft  bast»  simple  perforations  in  the  vessels,  and  woKxl-prosench)ana  with 
typical  bordered  pits,  as  well  as  in  the  lack  of  internal  and  external  glands. 
It  is  distinguished  from  the  Th3mielaeaceae  by  the  absence  of  hard  bast-fibres, 
which  are  often  developed  in  such  abundance  in  that  Order.  The  stomata,. 
like  those  of  the  Thjrmelaeaceae,  have  no  special  subsidiary  cells.  Oxalate  of 
lime  is  excreted  exclusively  in  the  form  of  clustered  crystals.  The  thick  leaves 
contain  fibrous  cells,  which  run  irregularly  in  the  mesophyll,  and  are  of  two 
kinds,  being  either  sclerench}anatous  fibres  having  thick  walls  and  narrow 
lumina,  and  thus  serving  for  mechanical  purposes,  or  relatively  thin-walled 
fibres,  stiffened  by  means  of  a  spiral  band,  and  apparently  constituting  a  system 
for  water-supply ;  one,  at  least,  of  these  two  forms  of  fibrous  cells  is  present 
in  every  member  of  the  Order  which  has  been  examined. 

The  structure  of  the  leaf  and  axis  is  known  in  detail  from  the  investigations 
of  Van  Tieghem  and  Supprian^  The  leaf-structure  is  either  bifacial  (species 
of  GlischrocoUa,  Endonema^  and  Penaea^  with  a  tendency  to  centric  structure 
in  some  cases),  or  centric  with  palisade-tissue  on  both  sides  (species  of  SarcocoUa, 
Bfachysij>hon^  Stylafiems),  The  palisade-tissue  consists  of  short  cells ;  the 
spongy  tissue  is  composed  of  small  cells  and  is  never  very  lacunar.  The  epi- 
dermis of  the  leaf  invariably  consists  of  one  layer,  and  the  cells  are  frequently 
filled  with  brown,  tanniniferous  contents.  The  outer  wall  of  the  epidermal  celh. 
is  thick ;  gelatinization  of  the  inner  wall  has  not  been  observed  in  any  species 
belon^g  to  this  Order.  The  cuticle  shows  reticulate  striation  in  some  cases, 
e.g.  Endanema  Thunbergii,  while  in  SarcocoUa  fucata  it  has  a  granular  structure 
(according  to  my  own  observations).  In  Endonema  reizioides  the  cuticle  forms 
well-marked  external  pegs,  situated  centrally  to  the  surface  of  the  outer  walls  of 
the  epidermal  cells  (Supprian).  The  stomata  are  either  found  on  both  surfaces 
of  the  leaf  (in  species  of  SarcocoUa^  Brachysiphon^  StylapteruSj  as  well  as  in 
Penaea  Cneorum  and  P.  acuHfolia),  or  only  on  the  lower  surface  (in  most  species 
of  Penaeay  and  in  GlischrocoUa  and  Endonema).  As  I  have  been  able  to  con- 
vince myself  in  Penaea  myrtaides,  SarcocoUa  fucata  and  Endonema  Thunbergii, 
the  stomata  are  not  accompanied  by  any  special  subsidiary  cells,  but  are  sur- 
rounded by  a  varying  number  of  ordinary  epidermal  cells.  We  must  not  omit  to 
mention  the  peculiar  peg-like  processes  which  project  into  the  cavities  of  the  ceUs 
adjoining  the  stomata  in  SarcocoUa  fucata,  and  especially  in  Penaea  myrtoides  (Fig. 
175,  il) ;  they  spring  from  the  vertical  cell-walls  boraering  on  the  uppermost 
portion  of  the  respiratory  cavity  ;  their  function  has  not  been  determined.  Hie 
occurrence  in  the  mesophyll  of  the  two  forms  of  fibrous  cells  (Fig.  175,  i?), 
referred  to  above,  is  very  characteristic  of  the  Order.  Both  forms  are  branched 
and  run  irregularly  through  the  mesophyll.  On  reaching  the  upper  and  lower 
epidermis  the  sclerenchymatous  fibres  very  frequently  spread  out  in  con- 
siderable numbers,  parallel  to  the  surface  of  the  leaf,  between  the  epideraus 
and  palisade-parenchyma.  The  spirally  thickened  fibrous  cells,  on  tike  other 
handy  mostly  become  enlarged  and  terminate  in  contact  with  the  epidermis. 

*  The  following  is  an  enumeration  of  the  species  investigated  by  Van  Tieghem,  the  nomenclatare 
being  that  of  DC.  Prodr. ;  Penaea  acutifolia,  P,  Cneifrum^  P,  mucronafa^  P,  ff^rtMes,  P,  efoaia  ; 
Styiafterus  fruHculcsus  ;  SarcocoUa  formcsa,  S.  fucata^  S.  squamosa  ;  Brachysiphan  aatius,  B, 
imdncatus,  B.  speciosus ;  Endametna  rettioidesy  E,  Thunbergii ;  GHschrocolla  Lestertiana.  The 
species  examined  by  Snpprian  are  included  in  this  list.  I  have  myself  made  a  casoal  examination 
of  the  strnctufe  of  the  wood  in  all  the  species  just  cited  with  the  exception  of  S,  squamosa^  and  alsa 
in  Penaea  myrtifolia,  Stylapterus  barbaius  and  S,  ericoides,  SarcocoUa  minor  and  Brachysiphme 
erUaeJoUus^ 
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Van  Tieghem  states  that  both  kinds  of  fibrous  cells  occur  in  the  species  of  Penaea, 
SarcocoUa  and  Endonema^  those  with  spiral  thickening  alone  are  found  iit 
dischrocoUa  and  Stylapierus^  and  the  sclerenchymatous  type  alone  in  Brachy- 
siphon.  The  only  crystalline  elements  occurring  in  the  leaf  are  clustered 
ciystals.  Tiichomes  are  very  rare  in  the  Order ;  such  as  are  present  being 
short,  simple,  unicellular  hairs  (stem  of  Penaea  mucronata). 

in  the  structure  of  the  axis,  the  first  feature  to  he  described  is  the  intra^ 
xylary  phloem,  which  I  was  the  first  to  demonstrate  in  this  Order  (in  1885) .  None 
of  the  species  are  without  intraxylary  phloem,  which,  together  with  the  pitii, 
generally  forms  a  mass  of  tissue  of  rhombic  shape  in  a  transverse  section  of  the 
branch.  Whilst  the  internal  phloem  in  the  allied  Order  Thymelaeaceae  is 
almost  always  provided  with  hard  bast-fibres,  these  elements  are  not  present 
in  the  Penaeaceae.  Only  in  rare  cases  (Penaea  mucranata,  L.  fi  microphyUa^ 
EckL)  are  a  few  sclerenchymatous  rod-cells  developed  at  its  inner  margin.  In 
all  cases  the  structure  of  the  wood  shows  the  characters  which  I  previously 
indicated  as  markmg  the  Penaeaceae,  though  the  material  then  examined  was 
very  limited.     The  medullary  rays  are  invariably  narrow  (1-2  seriate),  and 
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Fig.  175.     A,  Surface-view  of  the  epidermis  on  the  lower  side  of  the  leaf  of  Fmasa  tmyrioitUs.  L.  f.,  seen 
from  within.    B,  Transverse  section  through  the  leaf  of  Pmtua  mucronata.—A  Original,  B  after  Van  Tieghem. 

consist  of  cells,  which  are  sometimes  considerably  elongated  in  the  vertical 
direction.  The  vessels  have  small  lumina  (maximum  diameter  =  -oaa— 04  mm.), 
and  are  either  isolated  or  arranged  in  groups.  The  perforations  are  exclusively 
simple,  and  the  walls  of  the  vessels  bear  bordered  pits,  even  where  they  are  in 
contact  with  parenchsona.  The  wood-parenchyma  is  scantily  developed.  The 
wood-prosenchjmnia  has  tj^ical  bordered  pits  on  its  walls,  which  are  usually  rather 
thick.  The  cells  of  the  pith  have,  for  the  most  part,  unlignified  walls,  and  are 
frequently  coUenchjmniatous ;  scattered  stone-cells  in  the  pith  are  not  uncommon. 
The  primary  cortex  usually  shows  coUenchymatous  differentiation,  and,  like 
the  pith,  now  and  then  includes  stone-cells.  The  inner  limit  of  the  primary 
cortex  is  sometimes  {Penaea  mucronata^  according  to  Van  Tieghem)  formed  by. 
a  large«celled  endodermis  provided  with  Caspary's  dots.  Bast-fibres  are  not 
present  in  the  pericycle  nor  in  the  secondary  bast.  Rod-cells  are  sometimes 
developed  in  place  of  them,  e.g.  in  the  pericycle  of  GlischrocoUa  Lessertiana  or 
in  the  secondary  bast  of  Brachysiphon  acutus.  The  bast,  which  is  often  coUen- 
chymatous, generally  includes  chambered  fibres  with  clustered  crystals.  The 
development  of  cork  takes  place  in  the  pericycle '  in  Penaea  mucronaUij  according 
to  Van  Tieghem's  and  my  own  observations.  The  cork  is  generally  composed  of 
two  kinds  of  cells,  which  sometimes  form  alternating  layers,  viz.  cells  with 
thin  walls  and  wide  lumina,  and  others  with  thickened  waJls  and  havmg  widci 
lumina  or  a  tabular  form.     We  may  add  that  in  Endonema  relziaides  and 


'  Sapprian*!  statement,  that  the  formation  of  cork  takes  place  in  the  subepidermal  layer  of  cells 
'  all  spedes,'  does  not  agree  with  this. 

3  A  2 
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E.  Thunbergii  small  vascular  bundles  run  in  the  lour  comers  of  the  stem  and 
bend  out  into  the  leaf  at  the  node  (Van  Tieghem). 

Appendix :    On  the  anomalous  genus  Geissoloma^  Lindl. 

The  monotypic  genus  Geissoloma  (with  G.  marginatum^  Kth.),  placed  by  Bentham 
and  Hooker  at  tne  end  of  the  Penaeaceae  as  a  genus  anomalum,  is  probably  best 
regarded  as  a  separate  Order  in  accordance  with  'ue  views  expressed  by  Sonder  and 
A.  de  Candolle,  since  it  is  essentially  distinguished  from  the  Penaeaceae  hy  its  endo- 
morphic  as  well  as  its  exomorphic  characters.  Thus  Geissolama  has  no  bicoUateral 
vascular  bundles,  but  has  scaLsuif orm  perforations  with  many  bars  in  the  vessels,  and 
a  composite  and  continuous  sclerenchymatous  ring  in  the  pericycle  of  the  axis.  In 
the  pitting  of  the  wood-prosendiyma»  which  is  bordered*  this  genus  agrees  with  the 
Penaeaceae,  as  also  in  the  lack  of  external  and  internal  glands.  On  the  other  hand 
the  sclerendiyma-fibres  present  in  the  Penaeaceae  are  entirely  absent  in  the  leaf  of 
Geissolama.  Oxalate  of  mne  is  excreted  in  the  form  of  sohtary  and  clustered  crystals. 
The  trichomes,  which  occur  on  the  stem,  are  simple  and  unicellular. 

Van  Tieghem  and  Supprian  investigated  the  leaf  and  axis  of  the  genus  Geissolama; 
I  had  only  an  opportumt>[  of  examining  the  axis.  The  following  statements  re- 
garding the  anatomy  of  this  genus  may  be  added  to  those  given  above.  The  leaf 
has  bifacial  structure.  The  stomata  are  only  found  on  the  lower  surface  of  the  leaf. 
Both  the  upper  and  lower  epidermis  include  numerous  mucilaginous  cells.  The 
epidermal  ceus  on  the  upper  side  of  the  leaf  have  strong^v  thickened  outer  walls  and 
well-marked  cuticular  pegs.  The  peculiar  thickened  ana  raised  margin  of  the  leaf  is 
formed  by  higher  epidermal  cells,  tnickened  on  all  sides.  In  the  mesophyll  clustered 
crystals  are  present,  according  to  Van  Tieghem.  The  pith  consists  of  Ugnified  and 
pitted  cells.  The  medullary  ra3rs  are  1-3  cells  thick,  and  are  formed  by  cells  which  are 
more  or  less  strongly  elongated  in  the  vertical  direction.  The  vessds  are  scattered, 
and  have  small  lumina  (mean  diameter  «  025  mm.) ;  their  walls  for  the  most  part 
bear  large  simple  pits  where  they  are  in  contact  with  meduUary  ray-parenchyma.  In 
the  primary  cortex,  stone-cells  with  wide  lumina  and  clustered,  and  sohtary  crystals 
have  been  observed  ;  in  the  bast  sohtary  crystals  are  found.  The  development  of 
cork  takes  place  in  the  outermost  cell-layer  of  the  primary  cortex  ;  the  cork-cells 
have  fairly  wide  lumina. 

literature :  Solereder,  Holzstr.,  1885,  p.  333.— Vin  Ti^hem,  Sor  les  Thym^laeaoecs  et  lei  P., 
Ann.  sc.  nat,  a^.  7,  t.  xvii,  1893,  pp.  277-88.— Snppiimn,  Kenntn.  d.  Thymelaeac.  n.  P.,  Diss., 
Berlin,  1894,  pp.  35-9,  also,  in  Engler,  Bot  Jahrb.,  Bd.  zviii. — Gilg,  in  Natttrl.  Pflansen£un.,  iii. 
Teil,  Abt.  oa,  1894,  pp.  206  and  309. 
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This  Order,  which  is  generally  placed  near  the  Thymelaeaceae,  is  charac- 
terized by  the  following  features  :  the  absence  of  intiuxylary  soft  bast ;  the 
presence  of  simple  perforations  in  the  vessels,  and  of  wood-prosenchyma  bearing 
Dorderedpits;  diesuperficial  development  of  the  cork;  the  occurrence  of  groups  of 
sclerenchymatous  fibres  in  the  pericycle  and  secondary  bast ;  the  lack  of  a  special 
type  of  stoma ;  the  nature  of  the  hairy  covering,  which  consists  of  peltate  and 
stellate  haurs  ;  and  the  excretion  of  oxalate  of  lune  exclusively  in  the  form  of 
small  acicular  crystals. 

The  structure  of  the  leaf  and  axis  has  been  examined  in  species  of  all  three 
genera.  The  leaves  are  either  typically  bifacial  (Shepherdia  catiadensisj  Nutt.),  or 
tend  towards  centric  structure,  the  lowest  cell-layer  of  the  spongy  tissue  being,  in 
the  latter  case,  differentiated  more  or  less  like  palisade  {Hippophai  rhamnoides, 
L.,  Elaet^us  angustifolia^  L.).  Hs^poderm  has  been  met  with  on  the  upper  side 
of  the  leaf  in  Elaeagnus  reflexa  (Lalaime).  The  stomata,  which  are  surrounded 
by  a  varying  number  of  ordinary  epidermal  cells,  are  only  found  on  the  lower 
surface  of  the  leaf.  The  vascular  bundles  of  the  veins  are  not  accompanied  by 
sclerenchyma.    The  covering  of  stellate  and  peltate  hairs  is  found  in  all  the 
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species.  The  peltate  hairs  consist  of  a  large  number  of  narrow  ray-cells,  which 
have  relatively  thin  walls  and  wide  lumina,  and  do  not  all  reach  the  centre  of  the 
shield ;  the  ends  of  the  ray-cells  are  free  at  the  margin  of  the  shield  and  taper  to 
a  point.  In  Elaeagnus  ortefUalis,  L.  and  E.  pungens,  Thunb.  an  additional  tuft  o< 
raysis  inserted  centrally  on  the  upper  side  of  theshidd  (O.  Bachmann).  Thestalk 
of  the  peltate  and  stellate  hairs  (these  two  types  l)eing  connected  by  transitionsil 
forms)  is  of  very  varied  length.  The  long  stalks  of  the  hairs  of  Shepherdia 
canadensis  are  multiseriate,  and  consist  of  rather  long  cells,  replaced  immediately 
beneath  the  terminal  portion  of  the  hair  by  short  cells  with  ydlow  walls ;  in 
Hippophag  fhamnoides  (Fig.  176)  and  Elaeagnus  angustifolia^  on  the  other  hand, 
the  hau^  have  a  short  stalk,  composed  of  a  single  layer  of  short  cells  with  thick, 
yellow  walls,  and  giving  rise  to  a  false  lower  scale,  when  seen  in  a  surface-view  of 
the  hair.  The  mode  of  excretion  of  oxalate  of  lime  in  this  Order  is  very  charac- 
teristic. Clustered  or  solitary  crystals  have  not  been  observed  either  in  the 
leaf  or  in  the  axis.  In  all  cases  only  small  acicular  crystals  are  present ;  they 
maybe  long  or  short,  in  the  latter  case  sometimes  almost  resembling  crystal-sand ; 
several  of  them  invariably  occur  in  the  same  ceU.  In  the  leaf  they  are  found 
in  the  epidermis  and  mesophyll,  while 
in  the  axis  they  occur  in  the  pith  and 
primary  cortex. 

Some  further  information  regard- 
ing the  structure  of  the  wood  and 
cortex  may  be  added.  The  medul- 
lary rays  of  the  wood  are  from  one 
to  two  cells  broad  in  Hifpopha^  and 
Shepherdia  ;  as  much  as  four  cells  in 
breadth  in  Elaeagnus.  The  vessek 
attain  diameters  of  -15  nmi.  {Elae- 
agnus angustifoUa)  and  -075  mm. 
(Hippophag  rhamnoides),  and  are  pro- 
vided with,  bordered  pits,  even  where 
they  are  in  contact  with  parenchyma 
of  the  medullary  raj^.  The  wood- 
parenchyma  is  scantily  developed  ; 
the  wood-prosenchyma  ^  is  invanably 
covered  with  distinct  bordered  pits^ 
and  has  more  or  less  thickened  walls.  The  cork  arises  in  the  epidermis  in 
Elaeagnus  angustifoUa,  and  sul)epidermally  in  Hippophai' rhamnoides  (Douliot) ; 
it  consists  of  somewhat  flattened  cells  with  wide  lumina  and  thin  walls.  The 
primary  cortex  is  composed  of  loosely  united  cells,  and  even  in  late  stages 
shows  no  signs  of  sclerosis.  With  recard  to  the  structure  of  the  bast,  MoUer 
points  out  that  in  HippophaS  the  bundles  of  secondary  hard  bast  are  irregularly 
arranged,  while  the  medullary  r?Lys  are  narrow  (one  or  two  cells  broad),  and  at 
some  points  become  sclerosed  between  the  bundles  of  hard  bast ;  this  differs 
from  what  is  found  in  Elaeagnus,  where  the  hard  bast,  owing  to  its  regular 
arrangement,  gives  rise  to  stratification  of  the  secondary  bast,  while  the  me- 
dullary rays  are  mostly  broad  and  remain  thin-walled. 

In  Elaeagnus  and  Hippopha^,  according  to  Mentovich,  the  pith  is  hetero- 
geneous, and  consists  of  a  peripheral  portion,  in  which  the  cells  are  smaller, 
have  thicker  walls,  and  are  active,  and  a  central  cylindrical  portion,  in  which 
the  cells  contain  no  starch,  and,  after  the  lapse  of  a  year,  are  empty. 


Fig.  176.    Pelute  hair  oiHippophai  rkamnaidu^  I* 
n  from  below.— OrigtnaL 


'  In  the  wood-prosenchyma  of  H.  rkamnoides  (which  here  has  bordered  pits),  Sanio  obferved 
occasional  thickenings  of  the  walls,  projecting  into  the  cavities  in  the  form  of  blant  cylindrical  pegs,  or 
beams,  extending  transTersely  from  one  side  to  the  other,  as  in  the  tracheides  of  Pinus  silvtstrit,  &c. 
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Literature  ;  Rauter,  Trichomgeb.,  Denkschr.  Wiener  Akad.  1871,  sep^  copy,  pp.  7-8  and  Tab. 
Mi-r-NfoUer,  Holzanat.,  Denkschr.  Wiener  Akad.  1876,  pw  4a  and  338. — De  Bary^  VeigL  Anat., 
1877.— Moller,  Rindenanat,  1883,  pp.  1 16-19. — ^Mentovlch,  Mark,  Klausenbnrg,  1885;  see  Just 
^885,  i»  p.  788.— ^lereder,  Holzstr.,  1885,  p.  334.— O.  Bachmarai,  Schildh.,  Flora  1886,  tep.  copy, 
p.  i7.^D<mli0t,  ift  Ann.  ic.  nat.,  s^r.  7,  t  x,  1889,  p.  53a.— Lidanne,  Feoiliei  perrist.,  Actea  Soc 
lihn.  Bordeaux,  s^r.  5,  t.  It,  1890,  p.  loi  and  PI.  vi.— Gilg,  in  NatiirL  Pflanacnfam.,  It.  Tell,  Abe 
3  a,  1894,  pp.  246-7. 

LORANTHACEAE. 

1.  Review  of  the  Anatomical  Features.  According  to  existing  investi- 
gations the  following  anatomical  characters  should  be  kept  in  view  for  the  dia- 
gnosis of  the  Order :  the  type  of  stoma,  the  subsidiary  cells  being  placed  parallel 
to  the  pore ;  the  position  of  the  stomata  on  the  branch,  the  stomata  being 
arrang^  transversely  or  somewhat  obliquely  to  the  longitudinal  axis ;  the 
«imple  perforations  of  the  vessels ;  the  isolated  groups  of  bast-fibres  in  the 
pencyde  ;  the  absence  of  secondary  hard  bast ;  the  superficial  development  of 
cork ;  the  ateence  of  glandular  hairs.  The  medullary  rays  of  the  wood  vary  in 
breadth ;  the  wood-prosenchyma  generally  (exception  viscum)  bears  bordered 
pits.  Oxalate  of  lime  is  excreted  in  the  form  of  ordinary  soUtary  and  clustered 
crystals.  The  hairy  covering  (Fig.  177,  B-E)  in  Loranthus  consists  of  (a) 
uniseriate  trichomes,  in  which  each  of  the  cells,  with  the  exception  of  the  ter- 
minal ceU,  is  produced  at  its  upper  extremity  into  a  lateral  protrusion,  and  (h) 
candelabra-hairs,  the  tiers  of  which  are  unicellular  ;  from  analogy  the  stellate 
and  peltate  hairs,  mentioned  by  Engler  as  occurring  in  species  of  Loranthus^ 
probably  have  a  unicellular  ray-portion  and  shield  respectively.  The  following 
special  anatomical  features  have  been  shown  to  occur  in  this  (Jhrder  :  cork- warts 
on  the  lower  side  of  the  leaf  in  Loranthus  pundatusj  R.  et  P. ;  branched  or 
unbranched  stone-cells  occurring  in  the  tissue  of  the  leaf  and  cortex  in  many 
members  of  the  Order  and  enclosing  soUtary  crystals  (Fig.  177,  ^4) ;  frequently 
swollen  tracheae  in  the  terminations  of  the  veins;  silicified  groups  of  cells  in  the 
leaf-tissue  in  certain  species  ;  lysigenous  mucilage-canals  in  the  pith  and  bast  of 
the  axis  in  Nuytsia  ;  groups  of  sderenchymatous  fibres  at  the  inner  margin  of 
the  larger  vascular  bundles  in  some  Loranthaceae  ;  anomalous  structure  of  the 
axis  in  Nuytsia  floribunda,  R.  Br.,  consisting  in  the  occurrence  of  soft  bast- 
tissue  in  the  xylem. 

2.  Structure  of  the  Leaf.    The  leaf-structure  varies  ;  it  is  sometimes 

t3q>ically  bifacial,  e.g.  in  Loranthus  punctatus,  R.  et  P.,  sometimes  typically  centric 

with  palisade-tissue^  on  both  sides  of  the  leaf,  whilst  the  mesophyU  of  Tupeia 

pubigera^  Mi<j.  or  Loranthus  europaeuSy  Jacq.  is  composed  solely  of  isodiametric 

•cells.    In  Vtscum  albums  L.,  the  leaves  of  which  are  biennial,  the  mesophyll 

consists  of  isodiametric  cells  during  the  first  year  ;  in  the  second  year,  however, 

^the  layers  of  cells  Isdng  beneath  the  upper  and  lower  epidermis  become  elongated 

like  a  palisade,  ana  a  simultaneous  increase  in  the  number  of  chloroplasts  takes 

•place,  so  that  the  leaf -structure  becomes  centric.    The  stomata,  as  far  as  is 

known  (in  Arceu^bium^  Antidaphne,  Lepidoceras^  Nuytsia,  Tupeia,  Viscum), 

are  accompanied  by  subsidiary  cells,  placed  parallel  to  the  pore,  only  a  single 

sitbsidiary  cell  being,  as  a  rule,  found  on  either  side  of  the  pair  of  guard-celte  ; 

in  rare  cases  there  are  several.    In  leaves  with  centric  or  homogeneous  structure 

,the  stomata  occur  on  both  surfaces,  being  present  in  smaller  numbers  on  the  upper 

iiide ;  in  the  bifacial  leaves  of  Loranthus  punctatus  they  are  only  found  on  the 

lower  side,  but  here  they  occur  in  large  numbers.    The  arrangement  of  the 

stomata  with  reference  to  one  another  is  usually  irregular ;  in  Nuytsia  floribunda 

alone  the  stomata  are  placed  transversely  to  the  longitudinal  axis  of  the  leaf. 

On  the  branches  of  Antidaphne,  Arceuthobium,  Lepidoceras,  LoratUhus,  Nuytsia 

an^l  Viscum.  the  stomata  exhibit  a  similar  orientatiom,  i.e.  they  are  arranged 
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transversely  to  the  longitudinal  axis  of  the  branch  (Chatin).  The  outer  walls 
criE  the  cells  in  the  epidermiB  of  the  leaf  as  well  as  in  that  of  the  branch  are  disi* 
tinguished  by  their  considerable  thickness  in  all  the  species  mvestigated.  I 
have  not  observed  gelatinization  of  the  epidermis  of  the  leaf  in  any  case,  not  even 
in  Nuytsia  flaribunda,  where  it  is  stated  to  occur  by  Van  Tieghem.  The 
mechanical  system  in  the  veins  of  the  leaf  is  developed  in  various  ways.  In 
LoratUhus  pmcUUus  it  consists  of  strongly  developed  arcs  of  sderenchymatous 
fibres,  whilst  in  Viscum  album,  LoratUhus  europaeus^  Tupeia  pubigera^  &c.,  an 
arc  of  collenchyma  is  associated  with  the  vascular  system  of  the  larger  veins ; 
this  collenchyma  may  in  some  cases  {Viscum  album)  subse(}uently  become 
sclerosed.  The  occurrence  of  enlarged  terminal  tracheides  (e.g.  in  Viscum  album, 
Loranihus  eurapaeus.  Sec.),  or  of  independent  storage-tracheides  in  the  mesophyll 
iLoi^a$Uims  pundaius)  is  very  conunon.  Similar  water-reservoirs  are  sometimes 
found  in  the  form  of  spedal  systems  of  tracheae,  accompanying  the  vascular 
Inmdles  of  the  veins,  e.g.  in  Nuytsia  flaribunda  and  species  of  LoratUhus  belonging 
to  the  section  Gaiadetidrof^  according  to  Van  Tieghem. 

Special  features  in  the  mesophyll  are  silicified  groups  of  cells  and  ^oups  of 
stone-cells  with  crystalline  inclusions  ;  the  latter  have  aJso  been  met  with  in  the 
cortex.  The  silicified  groups  of  cells  in  LoratUhus  europaeus  were  erroneously 
dfficribed  by  Marktanner-Tumeretscher  as  groups  of  mucilage  cells  ^  and  their 
true  nature  has  only  recently  been  recogniz^  by  Ravn  ;  they  consist  of  a  vary- 
ing number  of  cells,  which  when  numerous  are  often  united  in  the  form  of  a  sphere ; 
the  contiguous  walls  of  these  cells  are  considerably  thickened,  stratified  and 
silicified,  or  they  jxissess  silicified  protuberances  resembling  cystoliths,  which 
project  convexly  into  the  lumina  of  the  cells  and  are  sometimes  stratified. 
These  silicified  cell-groups  occur  principally  in  connexion  with  the  vascular 
bundles,  and  have  been  observed  in  the  following  species,  according  to  Ravn  : 
LoratUhus  europaeus,  Phoradetulrott  emargituUum,  Mart.,  P.  rubrum,  Griseb., 
Stachyphyttum  FetuUeri,  V.  Tiegh.,  Tupeia  atUarctica,  Ch.  et  Schl.,  Viscum  album 
and  V.  articitUUum,  Burm.  Groups  of  stone-cells  appear  to  be  widely  distributed 
in  this  Order,  so  far  as  one  can  judge  from  Van  Tieghem's  investigations,  which 
are  not  yet  completed.  They  are  found,  for  example,  in  the  tissue  of  the  leaf, 
and  in  the  pith  and  cortex  of  LoratUhus  europaeus  (Mentovich,  Marktanner- 
Tumeretscher),  and,  according  to  my  own  observations,  in  the  leaves  of  L.  fer- 
rugitieus,  Roxb.  (Fig.  177,  A)  and  L.  pundaius,  R.  et  P.,  and  in  the  cortex  of 
Tupeia  pubigera.  These  stone-cells  are  mostly  branched,  and  ultimately  become 
thickened  to  such  an  extent  that  only  one  or  more  peripheral  portions  of  the 
lumen  remain  ;  these  are  filled  by  solitary  crystals.  In  the  leaf,  stone-cells  not 
only  accompany  the  vascular  bundles  of  the  veins,  but  are  also  found  free  in 
the  mesophyll  (LoratUhus  ferrugineus). 

The  simplest  forms  of  trichomes  are  uniseriate  clothing  hairs,  in  which  the 
upper  ends  of  the  cells  are  produced  into  lateral  processes  mrected  towards  the 
apex  of  the  hair  {LoratUhus  rufescetis,  DC,  Fig.  177,  B).  Candelabra-hairs  with 
unicellular  tiers  are  found  in  the  species  of  LoratUhus  belonging  to  the  section 
CichlatUhus  (e.g.  L.  ferrugitieus,  L.  ScuruUa,  L.  var.  obteda,  Kurz,  L.  lepidotus, 
BL,  &c.),  and,  according  to  Engler,  also  in  Notothixos.  These  hairs  (Fig.  177, 
C'-D)  consist  of  a  row  of  short,  and  somewhat  ventricose,  thin-walled  cells,  in 
which  the  wall  is  protruded,  in  a  horizontal  plane  at  the  middle  of  each  cell,  into 
four  or  more  rays ;  the  horizontal  walls,  separating  the  individual  tiers  of  the 
trichome,  are  pitted.  The  trichomes  found  in  the  floral  region  of  LoratUhus 
rufescetis,  DC.  (Fig.  177,  E)  have  a  structure  similar  to  that  of  the  candelabra- 
iuurs.    The  peltate  and  stellate  hairs,  mentioned  by  Engler  as  occurring  in 


*  MmrictanneT-TnnieTettclier's  incorrect  interpretation  reappears  in  Haberlandt's  Phys.  Pflanzen- 
afiat.,  and  ed.,  iS^y  p.  353  and  fig.  146.  , 
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species  of  Loranthus  (the  former,  for  example,  in  L.  Soyauxii,  Engl.,  the  latter 
in  L,  taborensisj  Engl.),  may  be  assumed  from  analogy  to  possess  a  imicellular 
shield  and  ray-portion  respectively. 

The  only  internal  secretory  organs  found  in  this  Order  are  mucilage-canals» 
which  occur  in  Nuytsia  flaribunda^  R.  Br.  They  appear  in  the  pith,  and  in 
later  stages  in  the  bast ;  the  pith  contains  a  central  mucilage-canal,  and  others 


FlO.  177.  A,  Portion  of  a 
transverse  section  of  the  leaf 
of  LormHihus  ftrrugituus. 
Roxb.  B-B,  Trichomes :  B  ana 
B,  L,  rufuetns^  DC.;  c  and 


which  are  peripheral,  and  situated  opposite  the  larger  vascular  bundles.  The 
peripheral  canals  pass  out  into  the  midrib  of  the  leaf  with  the  vascular  bundles, 
retaming  their  position  on  the  upper  side  of  the  latter  ;  they  do  not  appear  to 
undergo  any  further  branching,  but  become  considerably  swollen  at  certain 
points.  The  mucilage-canals  of  Nuytsia  are  provided  with  an  epithelium  of 
several  layers,  but  are  nevertheless  of  lysigenous  origin  ;  in  the  leaf  the  middle 
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lamellae  of  the  gelatinized  cells,  which  form  the  canal,  can  still  be  clearly 
recognized. 

3.  Structure  of  the  Axis.  The  axis,  excepting  that  of  Nuytsia,  has 
normal  structure.  The  formation  of  cork  generally  (Lorantkus^  Nuytsia^  Tupda) 
takes  place  superficially,  whilst  in  Viscum^  as  is  well  known,  no  cork  is  produced. 
The  primary  cortex  is  frequently  (Nuytsia^  Viscum)  developed  as  assimilatory 
tissue,  and  its  outer  portion  contains  palisade-parenchyma  m  Nuytsia,  Stone- 
cells  are  not  uncommonly  present  in  the  primary  cortex  (Lorantkus^  Tupeia,  Vis- 
cum)y  their  lumina  in  some  cases  containing  solitary  crystals.  Isolated  groups  of 
hard  bast  are  found  in  the  pericycle  in  the  species  of  AnHdaphne^  Arc^Mobiuin^ 
Gaiadendron^  LepidoceraSy  LoranthuSy  Nuytsia^  Tupeia  and  Viscum,  which  have 
been  investigated.  No  secondary  hard  bast  is  formed.  The  structure  of  the 
wood  has  been  examined  in  Viscum  album,  L.,  Loranthus  pcntapetalus,  Roxb., 
L.  eurapaeus,  Jacq.,  Tupda  pubigera,  Miq.  and  Nuytsia  flortbunda,  R.  Br.  The 
breadth  of  the  medullary  rays  varies  even  within  the  genus  LoratUhus,  L.  euro- 
paeus  having  very  broad  rays,  while  those  of  L.  pentapetalus  are  only  from  one 
to  three  cells  in  breadth.  Engler  mentions  medullary  rays  which  are  only  1-3 
cells  thick  as  occurring  in  most  species  of  Loranthus,  Pfuhirusa,  StruthatUhus, 
PhrygUatUhus  and  Lepidoceras,  and  multiseriate  medullary  rays  as  present  in 
certain  species  of  Viscum  and  LoratUhus,  As  in  the  case  of  the  breadth  of  the 
medullary  rays,  variation  also  occurs  in  the  arrangement  of  the  vessels,  the  size 
of  their  lumina,  and  their  abundance.  In  Viscum  album,  for  example,  the  vessek 
are  veiy  ntunerous,  have  small  lumina  (maximtun  diameter  ~  .035  mm.),  and 
resemble  tracheids ;  in  LoratUhus  europaeus  spirally  thickened,  pitted  vessels 
with  narrow  lumina  are  accompanied  by  others  with  somewhat  wider  lumina 
(diameter  reaching  •045  nmi.).  The  perforations  of  the  vessels  are  invariably 
simple.  Wood-parenchyma  is  rather  abundantly  developed.  The  wood-prosen- 
chyma  bears  bordered  pits  in  LoratUhus,  Tupda  and  Nuytsia,  while  in  Viscum 
it  is  scantily  developed  and  sclerench}anatous,  and  has  simple  pits.  At  the 
inner  margins  of  the  bundles  of  primary  xylem  massive  groups  of  sclerenchjr- 
matous  fibres,  resembling  hard  bast,  sometimes  occur  {Viscum  album ;  AtUi- 
daphtie  viscoidea,  accordmg  to  Chatin ;  Nuytsia  floribunda,  according  to  Van 
Tieghem ;  Phoradendron,  according  to  Engler). 

The  pith  consists  of  coUenchymatous  cells  in  Viscum  album  and  in  the  young 
branches  of  LoratUhus  europaeus  ;  the  cells  become  lignified  in  older  branches  of 
LofatUhus  (Mentovich). 

It  now  remains  to  describe  (a)  the  curious  appearance  presented  by  the  stem 
ol  Arceuthobium  Oxycedri  in  transverse  section  (quoting  from  Solms-Laubach's 
account),  the  peculiarities  being  probably  shared  by  other  species  of  the  genus,  and 
(fr)  the  anomalous  structure  of  the  axis  of  Nuytsia  floribunda,  discovered  by  Van 
Tieghem.  A  transverse  section  through  an  intemode  of  Arceuthobium  Oxycedri 
shows  four  vascular  bundles,  which  lie  in  pairs  opposite  one  another,  one  pair 
being  more  strongly  developed  than  the  other.  This  structure  is  connected 
with  the  course  of  the  bundles  (see  loc.  cit.).  The  anomalous  structure  of 
Nuytsia  consists  in  the  occurrence  of  bands  of  soft  bast  in  the  xylem.  Van 
Tieghem,  who  examined  young  branches  in  the  living  condition,  came  to  the 
conclusion  that  the  interxylary  phloem  of  Nuytsia  originates  in  the  same  way 
as  in  Strychnos.  Older  portions  of  the  stem  apparently  show  the  anomaly  of 
successive  rings  of  growth ;  this  is  illustrated  by  a  specimen  which  lies  before 
me ;  it  is  10  cm.  in  diameter,  and  was  presented  to  our  Museum  by  F.  v.  Miiller. 
The  xylem  is  traversed  by  concentric  layers  of  thin-waUed  tissue,  which  consists 
chiefly  of  large  parenchjmniatous  cells  and  includes  mucilage-canals,  as  well  as 
small  groups  of  soft  bast ;  the  latter  project  convexly  on  the  outer  side,  and 
correspond  to  the  individual  segments  of  the  xylem-rings,  these  being  limited 
lateraUy  by  broad,  lignified.  medullary  ra}^  ;  these  bands  of  thin-walled  tissue 
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are  nunreow  traversed  by  the  broad  lignified  rays,  which  continue  their  course 
outwards  in  the  next  xylem-ring.  These  facts  are  not  opposed  to  Van  Tieghem's 
observations,  especially  U  one  bears  in  mind  that  the  anomalies  of  successive  rings 
of  growth  in  the  pericyde,  and  of  interxylary  phloem  of  the  type  found  in 
Strychnos,  are  very  closely  related ;  for  in  the  first  case  extinction  and  extra- 
fascicular  renewal  of  the  cambium  take  place  simultaneously  at  all  points,  while 
in  the  second  case  they  only  occur  at  certain  points  in  the  transverse  section. 

Literature :  [Ungcr,  ParaslL  Pfl.,  Ann.  Wiener  Mas.,  Bd.  ii,  1840,  p.  Zh  Tab.  iii.]— Solms- 
Lanbacb,  Parasit  Ph.,  Pringsheim  Jahrb.,  Bd.  ti,  1867-8,  pp.  603  and  615  ct  leq.  and  Tab.  xzzix.— 
Dc  Baiy,  VeivL  Anat.,  1877.— Hesselbarth,  Anat  d.  HoUea,  Diss.,  Leipsiff,  1879,  p.  71.-— MeDtovich, 
L.-Rinden  (Hiin£Krian),  Magyar  Novenyt  Lapok,  Tii,  1885,  d.  74,  mp.  17-33;  afattr.  in  Bol. 
Centralbl.  1883,  li,  pp.  74-5,  and  Jnst  1883,  i,  pp.  180-1.— Solereder,  Hokstr.,  iSSsjpp.  334*-5-— 
Mentovich,  Mark,  Klanscnbnrg,  1885 ;  abitr.  in  Just  1885,  i,  p.  788.— Marktanner^Turneretscber, 
Anat  Ban  uns.  L.,  Sitz.-Ber.  Wiener  Akad.  1885,  13  pp.  and  i  Tab.— Van  Tiegbem,  NuytsU  et 
Gaiadendrmy  BuU.  Soc.  bot.  de  France  1893,  pp.  3i7-»8  5  Nall^ia  et  Triarthram,  loc  cit.  1894, 
pp.  61-71 ;  Rac.  des  L..  loc.  cit.  1804,  p.  I3i  ct  seq. ;  see  also  loc  dt.,  1895.— Engler,  in  NatiirL 
Pflanienfam.,  iii.  Teil,  Abt.  1  (1894),  pp.  158-9  and  L.  africanae,  Engler,  Bot.  Jahrb.,  Bd.  zx,  1895, 
p.  77  ct  seq.,  Tab.  i-lii,  especially  ii.— Diels,  Nensceland,  Engler,  Bot.  Jahrb.,  Bd,  xxii,  1896,  p.  340. 
— Kolpin  Ravn,  Cystolithes  rudim.  silidfi^s  chez  qu.  L.,  Bot.  Tidsskriit,  Bd.  31,  i,  1897,  pp.  53-8. 


SANTALACEAE. 

I.  Review  of  the  Anatomical  Features.  The  following  anatomical 
features  may  be  pointed  out  as  important  diagnostic  characters  of  this  Order 
(excluding  the  genera  Champereia,  Grubbia  and  Myxodendran^  which  will  be 
discussed  separately  in  an  appendix  to  the  Order) :  the  superficial  origin  of  the 
cork ;  the  uniform  structure  of  the  wood,  viz.  (a)  vessels  with  simple  perforations 
throughout,  and  with  the  walls  usuallv  bearing  bordered  pits,  even  where  they 
are  in  contact  with  parenchyma  of  the  medullary  rays,  and  (6)  wood-prosen- 
di3^a  bearing  bordered  pits  ;  the  almost  exclusive  occurrence  of  parallel  sub* 
sidiary  cells  on  either  side  of  the  pair  of  guard-cells ;  the  fact  that  the  smaller 
veins  of  the  leaf  are  invariably  embedded ;  the  absence  of  gelatinization  in  the 
epidermis  of  the  leaf,  and  of  internal  and  external  glands  ;  the  frequent  occur- 
rence of  groups  of  silicified  cells,  and  the  excretion  of  oxalate  of  lime  in  the  form 
of  clustered  and  ordinary  solitary  crystals.  These,  which  are  the  most  important 
features,  are  supplemented  by  a  number  of  others,  affording  characters  for 
generic  and  specific  diagnosis.  Such  are  :  the  frequent  occurrence  of  isolated 
bundles  of  primary  hard  bast  in  the  pericyde,  whilst  a  composite  and  con- 
tinuous ring  of  sclerench3ana  is  rarely  (Henslowia^  and  also  in  Champereia  and 
Grubbia)  present ;  the  very  rare  development  of  secondary  hard  bast  (Sanialum^ 
Omphacomeria) ;  the  scantiness  of  the  hairy  covering,  both  as  regards  the  actual 
occurrence  of  trichomes  and  the  number  of  forms  of  hairs  present,  the  hairs 
being  mostly  simple  and  unicellular,  rarely  (species  of  BuckUya  and  Pyridaria) 
simple  and  uniseriate,  or  still  more  rarely  {Exocarpus  kUifdiuSf  R.  Br.)  tufted  ; 
the  enlarged  terminal  tracheids  occurring  in  many  members  of  the  Order,  and 
the  rows  of  tracheids  found  in  the  leaf-tissue  in  some  genera  {Quinchamalium^ 
Thesium) ;  the  papillose  differentiation  of  the  epidermis  of  the  leaf  ;  the  occur- 
rence of  hypoderm  in  the  leaf ;  the  transverse  position  of  the  stomata  on  the 
leaf  and  axis,  and  so  on. 

A  few  facts  concerning  the  three  anomalous  genera  referred  to  above  may 
be  mentioned  here.  The  genus  Myzodendron  is  distinguished  by  the  special 
structure  of  its  xylem  and  by  the  occurrence  of  medullary  vascular  bundles 
(Fig.  178)  in  certain  species ;  another  distinctive  feature  is  the  absence  of 
parallel  subsidiary  cells  accompanying  the  stomata.  Champereia  is  charac- 
terized by  the  occurrence  of  double  cystoliths  (Fig.  179).  Grubbia  differs 
essentially  from  the  structure  typical  of  the  Santalaceae  in  having  scalariform 
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perforations  with  numerous  bars  in  its  vessels,  and  in  the  absence  of  the  parallel 
subsidiary  cells  which  accompany  the  guard-cells  in  the  Santalaceae. 

2.  Structuiui  of  the  Leaf.  The  structure  of  the  leaf  and  axis  in  this  Order 
have  recently  been  made  the  subject  of  a  detailed  investigation  by  Behm  ;  his 
statements  are  supplementary  to  the  iUustrations  in  Chatm's  Atlas  ^ 

The  structure  of  the  leaf  varies,  and  is  only  of  importance  for  specific  dia- 
gnosis ;  it  may  he  either  bifacial  or  centric ;  in  many  cases  the  mesophyll  consists 
of  uniform,  approximately  isodiametric  parenchymatous  ceUs.  The  structural 
features  of  the  epidermis  are  of  greater  systematic  value.  Gelatinization  of  the 
ejHdermis  has  not  been  observed  in  the  leaf  of  any  member  of  the  Order ;  nor 
are  the  lateral  walls  of  the  epidermal  cells  ever  strongly  undidated.  The  outer 
wan  is  often  considerably  thickened,  and  the  cuticle  is  not  uncommonly  striated. 
In  CervanUsia  iomentosa,  Ruiz,  et  Pav.  the  upper  side  of  the  leaf  has  speciaUy 
high  epidermal  cells,  elongated  like  a  palisade,  and  having  a  thick  outer  wall ; 
the  lumen  is  narrowed  conically  towarcb  the  exterior,  and  contains  a  deposit  of 
fat-bodies.  PapiUose  differentiation  of  the  epidermis,  or  the  development  of  a 
hypoderm,  are  characteristic  of  a  large  number  of  species.  Behm  mentions  the 
occurrenceof  papillae  inspeciesof  Arjona^  Exocarpus^  Letiomeriay  Quinchamalium, 
Sanialum  and  Thesium ;  their  development  extends  lor  the  most  part  only  to 
single  epidermal  cells,  or  to  groups  of  such  cells,  which  are  either  situated  on  the 
surface  or  confined  to  the  margm  of  the  leaf ;  papillose  differentiation  of  the 
whole  of  the  lower  epidermis  appears  only  to  have  been  observed  in  Santalum 
atbum^  L.  According  to  Behm,  the  development  of  hypoderm  is  foimd  in 
Hendowia  (H.  granulaia.  Hook.  fil.  et  Th.,  H.  heteranika.  Hook.  fil.  et  Th., 
H»  retusa,  BL,  n.  varians^  BL),  in  Jodina  rhambifolia^  Hook,  et  Am.  and  in 
Santalum  acuminatum^  A.  DC.  (and  also  locally  in  5.  Preissianum^  Miq.).  In 
Hendowia  and  Santalum  acuminatum  the  hypoiderm  is  composed  of  somewhat 
collenchymatous  cells,  which  are  larger  than  those  of  the  epidermis  ;  it  consists 
of  two  layers  in  Henslowia^  of  one  layer  in  Santalum  acuminatum.  In  Jodina 
rhambifolia  the  strongly  collenchymatous  hypoderm  and  the  epidermis  together 
give  one  the  impression  of  a  many-layered  epidermis,  when  seen  in  transverse 
section.  The  structure  of  the  stomatal  apparatus  is,  on  the  whole,  uniform  ; 
each  pair  of  guard-cells  is  generaUy  accompanied  on  either  side  by  one  or  more 
subsidiary  ceUs,  placed  parallel  to  the  pore.  It  should,  however,  be  mentioned 
that  the  type  of  stoma  just  described  is  sometimes  less  distinctly  marked, 
even  in  the  same  superficial  section,  owing  to  the  fact  that  secondary 
vertical  walls,  running  at  right  angles  to  the  pore,  more  or  less  frequently 
arise  in  the  subsidiary  cells.  Actual  exceptions  to  the  characteristic  t}^ 
of  stoma  are,  however,  only  afforded  by  species  of  Arjona  and  Quinchama- 
liumy  in  which  the  same  superficial  section  shows  stomata  with  parallel  sub- 
sidiary cells  accompanied  by  others,  which  are  surrounded  by  a  relatively 
large  number  of  adjacent  cells  exhibiting  no  special  arrangement.  The  arrange- 
ment of  the  stomata  with  reference  to  one  another  is  also  of  value  for  the  recog- 
nition of  certain  genera  and  species.  In  some  cases  they  are  placed  parallel  to 
<me  another  and  transversely  to  the  midrib  of  the  leaf ;  this  arrangement  is 
well  nuirked,  according  to  Behm,  in  species  of  Exocarpus^  Leptameria,  Ompha- 
comma,  Osyris,  Santalum  and  Thesium,  and,  according  to  Chatin,  in  Anthobolus 
and  Chorethrum,  whilst,  according  to  Behm,  in  other  species  of  Osyris  and  in 
species  of  Comandra  and  Osyridicarpus  the  tendency  towards  transverse  arrange- 


'  Behm  examined  numerous  species  of  the  genera  QuincAama/iumy  Aijona^  Tkesium,  Osyridi- 
carpHS^  Cervaniesia^  Jodina,  Pvruiariay  Aeanthosyru,  Comandra^  Santalum^  MyosekUos^  BuckUya^ 
Osyris^  Omphacorturia,  HensUwia,  Chorttrumy  Lepiamtriay  Exocarpus\  Chadn,  betides  dealing 
with  mdet  of  certain  of  the  ffenera  already  mentioned,  has  also  figured  the  structural  features  of 
NoHodeOy  Fusanus  {Mida)  ana  Antkoholus, 
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ment  of  the  guard-cells  is  only  seen  here  and  there.  In  other  cases,  which  are 
restricted  to  the  genus  Arjana,  the  pairs  of  guard-ceUs  are  likewise  arranged 
parallel  to  one  another,  but  at  the  same  time  they  lie  parallel  to  the  midrib  of 
the  leaf.  In  other  cases  again  we  have  an  irregular  arrangement  of  the  pairs  ol 
guard-cells,  this  being  the  most  widely  distributed  type  (in  species  of  AcafUho>- 
syrisj  Buddeya^  Cervantesia,  Exocarpus^  Henshwia^  Joaina,  MyoschUoSp  Pyrularia, 
Quinchanudium  and  Santalum,  according  to  Behm).  A  transverse  arrangement 
of  the  stomata,  similar  to  that  shown  by  the  leaves,  occurs  also  on  the  young 
branches  in  many  members  of  the  Order  ;  Chatin  mentions  this  feature  as  being 
more  or  less  distinct  in  species  of  AfUkobolus,  Chordrum^  Fusanus^  Henshwia^ 
MyoschUos^  Osyris  and  ihesium^  whilst  De  Bary  mentions  its  occurrence  in 
Exocarpus  and  Santalum^  and  Hieronymus  in  Jodina  and  Leptomeria.  The 
stomata  either  occur  on  both  sides,  or  only  on  the  lower  surface  of  the  leaf. 
The  guard-cells  in  most  cases  lie  on  a  level  with  the  epidermis,  but  they  have 
been  observed  to  be  deeply  depressed  in  Arjona,  Jodina  and  Osyris.  The 
vascular  bundles  of  the  veins,  as  stated  above,  are  invariably  embedded ; 
mechanical  tissue  may  accompany  them,  or  may  be  absent.  The  terminal 
tracheids,  previously  mentioned  in  the  general  diagnosis,  are  found  in  most  of 
the  genera ;  amonest  the  genera  examined  by  Behm,  they  are  only  absent  in 
AcatUhosyris^  BucMcya  and  Jodina.  They  form  groups  of  two  to  five  ele- 
ments, and  are  developed  in  a  specially  typical  manner  in  Henslowia.  In 
Quinchamalium  and  Thesium^  besides  the  terminal  tracheids,  there  are  others, 
which  are  independent  of  the  veins,  and  form  rows  of  elements  running  parallel 
to  the  latter ;  these  tracheids  are  more  or  less  elongated,  and  their  walls 
either  have  bordered  pits,  or  are  spirally  or  reticulately  thickened. 

Regarding  the  occurrenceof  oxalateof  lime,we  maymention  once  more  that 
clustered  and  ordinary  solitary  crystals  occur  in  both  the  leaf  and  axis.  Ac- 
cording to  Behm,  certain  species  of  Cervaniesia  and  Leptomeria  have  specially 
large  clustered  crystals  in  the  leaf.  In  SanUdum  alburn^  L.  and  Jodina  rhomJln'^ 
folia^  Hook,  et  Am.  solitary  crystals  are  found  in  the  epidermis  of  the  leaf ;  in 
the  case  of  Jodina  rhombifolia  they  appear,  on  superficial  observation,  to  lie  in 
the  considerably  thickened  outer  wall  of  the  epidermis.  Behm  also  notes  the 
presence  of  crystalline,  in  some  cases  sphaerocrystalline,  doubly  refractive 
masses  in  the  epidermal  cells  of  Thesium  montanum,  Ehrh.,  T.  ebracteaium^ 
Hayne,  and  Santalum  acuminatum^  A.  DC. ;  in  view  of  their  solubility  in 
alcohol  and  ether,  these  masses  are  probably  of  a  fatty  nature.  Behm  observed 
groups  of  silicified  cells  in  species  of  Acanthosyris^Bucldeya^ Comandra^  Exocarpus, 
Osyris,  Pyrularia  \  Quinchamalium,  SanUdum  and  Thesium.  They  are  present 
chiefly  in  the  neighbourhood  of  the  veins,  and  either  consist  of  pairs  of  cells,  or 
of  larger  groups.  The  walls  of  the  cells  in  question  either  exhibit  silicified 
protuberances  (often  hemispherical),  or  they  are  only  locally  thickened  (like 
a  horseshoe,  as  seen  in  transverse  sections  of  the  leaf)  and  silicified. 

The  most  important  points  concerning  the  hairy  covering  have  already 
been  stated  a.bove.  In  most  cases  the  simple  unicellular  hairs  are  small  and 
pointed.  Uniseriate  hairs  are  mentioned  by  Behm  as  occurring  in  BuckUya 
lanceolata,  Miq.  (incorrectly  named  B.  Quadriala,  S.  et  Z.  by  Behm),  and  are 
also  present  in  Pyrularia,  according  to  Chatin.  The  tufted  hairs  of  Exocarpus 
latifolius,  R.  Br.  consist  of  short  unicellular  hairs  having  thick  walls  and  narrow 
lumina,  and  sunk  side  by  side  in  the  epidermis. 

3.  Structure  of  the  Axis.    The  most  important  characters  presented  by 


^  These  groups  of  silicified  odls  were  previously  seen  by  Bokomy  in  P»  jMera,  Michz.,  whese 
they  give  rise  to  transparent  dots  at  the  margin  of  the  leaf,  bnt  they  were  not  correctly  interpreted 
by  htm. 
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the  structure  of  the  wood  and  cortex  have  aheady  been  pointed  out  in  the 
general  review  at  the  beginning  of  the  Order. 

The  structure  of  the  axis  is  normal.  The  xylem-portions  of  the  vascular 
ring  as  a  rule  form  a  closed  mechanical  ring,  traversed  by  medullary  rays  which 
are  mostly  narrow,  though  occasionally  (in  species  of  Acanthosyris^  Osyndi- 
carpus^  Osyris,  Jodina)  rays  4-5  cells  thick  are  present.  Exceptions  to  this  type 
are  presented  by  some  h^baceous  species,  viz.  Nanodea^  in  which,  according  to 
Chatin,  the  transverse  section  of  the  stem  exhibits  four  isolated  vascular 
bundles,  arranged  in  a  ring,  and  species  of  Thesium  and  Arjona,  in  which  the 
bundles  of  the  vascular  ring  are  separated  from  one  anotner  by  unlignified 
tissue.  The  phyllodades  of  the  leafless  species  or  of  those  with  reduced  leaves 
{Exocarpus  fhyUanOundes^  Endl.,  Omphacomeria  psHotoides^  A.  DC.)  possess 
a  vascular  nng,  the  bundles  of  which  are  almost  compressed  into  one  plane  in 
Exocarpus,  whilst  in  Omphacomeria  three  larger  bundles,  which  form  a  ring 
open  at  the  sides,  are  seen  in  the  middle  of  the  main  vasciQar  ring ;  in  other 
respects  the  phylloclades  have  the  structure  of  a  centric  leaf. 

The  pdth  consists  either  of  lignified  or  tmligniiied  ceUs.  The  vessels  are 
scattered  in  the  transverse  section,  and  have  relatively  small  lumina  (between 
•Q18  and  -03  mm.).  In  contact  with  parenchyma  of  the  medullary  rays,  the 
walls  of  the  vessds  mostly  bear  bordered  pits,  though  there  are  sometimes 
simple  pits  as  well ;  the  latter  are  never  large,  and  do  not  exceed  the  borders 
of  the  bordered  pits  in  size.  Spiral  striation  or  thickening  of  the  walls  of  the 
vessels  is  stated  by  Behm  to  be  present  in  species  of  Exocarpus,  Osyris,  SatUalum 
znd  Thesium.  'Die  development  of  cork  takes  place  either  in  the  epidermis 
{A  cafUhosyris  and  Comandra),  or  in  the  outermost  cell-layer  of  the  primary  cortex 
{Buckleya,  Choretrum,  Henslowia,  Leptomeria,  MyoschUus,  Osyris,  SatUalum  and 
Thesium).  In  many  of  the  Santalaceae  showing  reduction  in  the  leaves,  the 
primary  cortex  is  differentiated  as  typical  assimuatory  tissue,  as  in  the  phyllo- 
dades mentioned  above.  In  some  cases  the  primary  cortex  indudes  stone-cells 
(spedes  of  Choretrum,  Henslowia,  SatUalum  and  Thesium),  and  occasionally 
there  are  also  bundles  of  sderenchymatous  fibres  (according  to  Behm,  in  Sati- 
talum,  and  in  the  shoots  of  Otnphacotneria  which  resemble  phyllodades ;  in  these 
two  cases  the  fibres  are  mainly  subepidermal ;  according  to  Chatin,  they  also 
occur  in  Leptomeria  BiUardieri).  The  outer  limit  of  the  bast  is  in  most  cases 
formed  by  isolated  groups  of  primary  bast-fibres,  between  which  scattered  stone- 
cells  may  occur  at  some  points.  The  stone-ceUs  are  present  in  such  abundance 
in  Henshwia  that  a  composite  and  continuous  ring  of  sderenchyma  is  formed. 
Amongst  the  material  investigated  by  Behm,  the  grouty  of  primary  bast-fibres 
are  only  wanting  in  the  species  of  Cotnatidra;  according  to  Chatin,  however, 
they  are  present  in  a  species  of  this  genus  (C.  livida),  which  was  not  examined  by 
Be^n.  Typical  bast-fibres  have  only  been  observed  in  the  secondary  bast  in 
the  case  of  Omphacomeria  and  SatUalum  (Behm) ;  the  secondary  bast  contains 
stone-cells  in  species  of  Osyridicarpus  and  Henshwia  (Behm),  and  peculiar 
sderenchymatous  elements,  resembling  'both  stone-celk  and  bast-fibres,'  in 
Exocarpus  cuprcssiformis,  Labill.  (MdUer  ^). 

APPENDIX. 

I.  On  the  genus  Myzodendron. 

The  parasitic  ^enus  Myzodetidron^  which  has  recently  been  separated  from  the 
Santalaceae  and  raised  to  the  rank  of  an  independent  Order  by  Hieron3rmus  in  the 
NatOrliche  Pflanzenfamilien,  agrees  with  the  Santalaceae  in  many  of  its  anatomical 
characters;  thus  it  has:  superndal  development  of  cork;  simple  periorations  in  the 
vessels ;  no  internal  or  external  glands ;  silicified  groups  of  cells ;  solitary  and  clustered 

*  Regudmg  the  htottoiia  of  the  Santalaceae  see  Sohns-Laubach  and  De  Bary,  II.  cc. 
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crystals ;  isolated  groups  of  hard  bast  in  the  pericycle,  simple  unicellular  hairs ;  again, 
in  one  species  (M,  lineare^  Popp.  et  Endl. )  systems  of  tracneids  are  present  in  theleaf , 
similar  to  those  of  the  species  of  Quinchamalium  and  Tkesium,  and  another  species 
(Af.  quadriflorum^  DC.)  has  crystalline  masses  in  the  epidermis  of  the  leaf  (and  also 
in  the  ground-tissue  of  the  axis)  like  those  found  in  Thesium  montanum^  &c.  There 
are  only  two  important  anatomical  distinctions  between  Myzodsndran  and  the  majo- 
rity of  the  Santalaceae  to  be  noted,  viz. :  I.  The  stomata  are  surrounded  by  a  rather 
large  number  of  irregularly  arranged  epidermal  cells.  II.  The  wood-prosenchyma, 
i.e.  when  there  is  any  development  of  mechanical  tissue  in  the  xylem,  is  replaced  by 
sderenchymatous  cells  bearing  simple  pits  and  resembhng  rod-cells. 

Little  remains  to  be  said  on  the  subject  of  the  structure  of  the  leaf.  The  meso- 
phyll  consists  of  uniform  isodiametric  cells.  The  stomata  are  found  on  both  surfaces 
of  the  leaf,  and  are  placed  parallel  to  one  another  and  to  the  midrib  of  the  leaf.  The 
vascular  bundles  both  of  tne  large  and  small  veins  are  embedded  in  the  mesophyll ; 
there  is  no  sclerenchyma  accompanying  them.  Silicified  groups  of  cells  have  been 
observed  by  Behm  only  in  M.  inAricaium,  POpp.  et  EndL,  M,  lineare^  Pdpp.  et  Endl., 
M.  punctufatum,  Soland.  and  ilf.  quadriflorum^  DC. 

The  structure  of  the  axis  requires  a  more  detailed  description,  and  on  the 
characters  presented  by  it  the  investigated  species  can  be  divided  into  two  groups, 
corresponding  to  the  two  sections  Eumyzodendran  and  Gymnophyton,  establisned  by 
Hooker  fil.  The  species  of  the  section  Eumyzodendron  (M.  brachystachyum,  DC., 
M.  linears,  P6pp.  et  Endl.  m  M.  linearifolium,  DC.,  m,  oblangifolium,  DC.,  M. 
auadriflorumt  DC.)  are  characterized  by  the  following  features :  (a)  the  vascular 
bundles  are  separated  from  one  another  by  radial  strips  of  unhgnified  ground-tissue ; 
(6)  the  ground-mass  of  the  wood  consists  of  unli^fied  cells  and  is  developed  in 
varying  abundance  in  the  different  species,  depending  on  the  number  of  vessels  and 
groups  of  mechanical  cells  which  are  embedded  in  it ;  and  (c)  the  secondary  wood 
contains  two  kinds  of  vessels,  some  being  scalariform  and  others  having  spiral 
thickenings.  On  the  other  hand  the  investigated  species  of  the  second  section 
{Gymnophytan),  viz.  M.  functul(Uum,  Soland.  and  M.  imhricatum^  P^PP*  et  EndL, 
have  the  xylem-groups  oi  the  vascular  bundles  united  to  form  a  closed  mechanical 
ring,  composed  of  lignified  cells  only,  and  traversed  neither  by  primary  nor 
secondary  medullary  rays.  In  certain  species  of  the  first  section,  though  not  in 
all  (only  in  M.  hrachysiachyum^  M.  oblongifolium^  M.  quadrifiarum,  and  alsq  in  M. 
angulatum,  Phil.,  according  to  Hieronymus),  medullary  vascular  bundles  occur. 
They  are  normally  orientated,  are  present  in  varying  abundance,  and  possess  con- 
siderable secondary  growth  in  thickness.  Not  uncommonly  they  form  a  second 
(inner)  ring  of  bundles  (Fig.  178,  A).  According  to  Behm's  investigations  the 
medullary  bundles  are  of  secondary  origin  in  M.  obtongifalium.  Their  development 
appears  to  be  connected  with  the  formation  of  pseudoendogenous  buds,  and  this 
may  possibly  explain  the  fact  that,  according  to  Behm,  in  one  and  the  same  species 
the  medullary  bundles  may  be  present  in  one  branch,  though  absent  in  anotner  of 
equal  thickness. 

Of  the  more  special  anatomical  features  in  the  structure  of  the  stem  the 
following  are  noteworthy.  M.  punciulatum  alone  has  numerous  verrucose  promi- 
nences on  the  surface  of  the  stem,  giving  the  latter  a  punctate  appearance ;  hence 
the  specific  name.  These  prominences  are  due  to  large  respiratory  cavities,  and 
each  Dears  a  stoma  at  its  apex.  The  formation  of  cork  is  superficiaL  In  most 
species  the  cork  develops  in  the  epidermis  ;  in  M.  oblongifolium  (in  the  specimen 
described  by  Behm  as  M.  heteraphyllum,  POpp.),  in  which  the  epidermal  cells  on  the 
young  branch  are  produced  into  finger-shaped  unicellular  hairs,  it  arises  in  the  sub- 
epidermal layer  of  cells.  In  M.  brachystachyum  and  Af .  oblongifolium  the  primary 
cortex  contains  a  more  or  less  closed  ring  of  stone-cells ;  in  M.  oblongifolium  there  are 
also  scattered  groups  of  stone-cells.  In  Af .  Unsafe  stone-cells  are  distributed  through- 
out the  ground-tissue  of  the  axis,  and  are  also  found  in  the  soft  bast.  In  all  the  species 
groups  of  hard  bast  are  present  at  the  outer  limit  of  the  phloem,  but  are  developed 
to  a  varying  extent.  The  xylem  in  all  species  of  Myzodenaron  is  characterized  by  the 
fact  that  the  vessels  have  relatively  small  lumina,  are  composed  of  short  elements, 
and  exhibit  simple  perforations.  In  the  species  belonging  to  the  section  Eumyzoden- 
dron,  as  already  mentioned,  the  secondary  wood  possesses  two  kinds  of  vessels,  viz.  (a) 
vessels  with  rather  large  lumina  and  provided  with  scalariform  bordered  pits,  and 
(6)  spirally  thickened  vessels  with  somewhat  narrower  lumina ;  in  the  species  of  the 
section  Gymnophyton,  on  the  other  hand,  we  only  find  vessels  of  the  first  kind.     In 
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tlie  species  of  both  sections  themechamcalelementsof  the  xylem  consist  of  sclerenchy* 
matous  cells  ('  wood-prosenchyma  ')  resembling  rod-cells  ;  tiiey  have  thick  walls  and 
oanow  lumina,  and  Dear  simple  pits.  It  has  already  been  stated  above  tiiat,  in 
the  s{)ecies  of  the  section  GymnofhyUm^  these  sclerenchymatous  ceUs  together  with 
the  pitted  vessels  form  a  closed  woody  ring,  devoid  of  meduUaxy  rays.  In  the 
species  of  the  section  Eumyzodendron,  on  the  other  hand,  the  ground-mass  of  the 
wood  in  the  individual  vascular  bundles  consists  of  unhgnified  cells,  the  bundles 
being  separated  from  one  another  by  strips  of  thin-walled  tissue.  In  those  species 
in  which  material  of  sufficiently  thick  branches  has  been  examined  (Af .  oblangifolium, 
M.  brachystachyum  and  M.  quadrifiorum,  according  to  Behm,  and  Af.  linearifolium, 
according  to  Hooker  and  Chatin)  it  has  been  found  that  the  vessels  and  sometimes 
also  the  wood-prosenchyma  show  a  very  characteristic  distribution  amongst  the 
unlignified  cells  m  a  transverse  section  of  the  branch.     In  M,  oblongifoliuin  (Fig.  i yS) 


Fig.  178.    Mymod^udroH  obhngifoUum^   DC. :    A,  Dias;rammatic  repreaenUtioa  of  ft  transverse  Kction 
throa^h  the  axis  ;  B,  a  single  vascular  bundle.— Original. 


each  of  the  individual  vascular  bundles  (including  the  medullary  bundles,  when 
they  have  undergone  considerable  growth  in  thickness)  contains  groups  of  scalari- 
form  vessels,  wmch  are  embedded  in  a  small  quantity  of  thin-walled  tissue  and 
alternate  in  the  radial  direction  with  portions  of  tissue  composed  of  spirally  thickened 
vessels,  a  few  thin-walled  cells,  and  the  mechanical  elements  (wood-prosench3nna). 
In  the  portions  of  tissue  last  mentioned,  the  arrangement  of  the  elements  is  as 
follows  :  the  middle  region  is  occupied  by  a  radial  series  of  the  thin- walled  cells ; 
amongst  these  the  spirally  thickened  vessels  are  embedded,  whilst  a  bundle  of 
short  prosenchvmatous  cells  hes  on  either  side  of  the  radial  group.  A  similar 
stratification  of  the  secondary  wood  has  also  been  observed  in  the  other  species  of 
the  section  Eumyzodtndron^  mentioned  above,  except  that  the  groups  of  mechanical 
tissue  are  only  developed  at  certain  points,  or  are  entirely  absent.  In  some  species 
(M .  lineare,  M,  oblonnfolium)  bundles  of  elongated  sclerenchymatous  cells,  resembling 
hard  bast,  are  found  on  the  inner  side  of  the  vascular  bundles.    The  pith  as  a  rule 
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consists  of  unlignified  cells  with  thin  walls  ;    in  the  investigated  species  of  the 
section  Gymnophyton  it  is  composed  of  prosenchymatous  cells  having  thick  walls. 

For  the  structure  of  the  haustorium  of  Myzodendron  reference  may  be  made  to 
Chatin,  pi.  Ixxv. 

2.  On  the  genus  Champereia, 

Recent  authors  refer  the  genus  Champereia  to  the  Opilieae  (which  are  provided 
with  cystoliths,  according  to  Edelhoff  and  Valeton) ;  and  like  the  Opilieae,  Cham- 
pereia  possesses  typical  cystoliths,  a  point  to  which  attention  was  first  drawn  by  Van 
Tieghem.  These  cystohths  cannot,  however,  be  regarded  as  decisive  in  determining 
the  systematic  position  of  the  genus.  For  Behm  has  shown  that  transitional  forms 
connect  the  cystoUths  with  the  C3rstolith-like,  siticified  protuberances,  which  occur 
both  in  the  Opilieae  and  in  the  typical  Santalaceae. 

The  cystolith-like  stmcttires  of  Champereia  may  be  divided  into  three  types. 
The  first  consists  of  true  double  C3rstohths  (Fig.  179,  A  and  B).  They  were  obs^ed 
by  Behm  in  all  the  material  which  he  examined  ;  he  found  them  to  occur  in  the  bast 
of  the  branch,  and  also  in  the  pith  and  the  tissue  of  the  medullary  ra3rs.  Instead  of 
two  there  may  sometimes  be  three  or  four  cystohths  together.  The  double  cystoliths 
lie  in  two  adjacent  cells,  which  are  in  contact  with  one  another  by  their  narrow  sides. 


Fig.  179.  A.  Doable  crstolitha  from  the  bast  of  the  axis  in  Champtreia 
GrijffUhitMay  Planch.  (Gnffith,  n.  4388,  Herb.  Monac),  calcified ;  b,  th«> 
same  after  decalcification  with  acetic  acid,  c,  Secondary  metamorphosis 
of  the  doable  cystoliths  of  Ckatmp^rtia  sp.  (Caminfl;,  1129,  Herb.  Monac), 
see  description  m  text.  D,  Groap  of  eel  Is  with  silicified  cystolith-like  bodies 
from  the  leaf-tissoe  of  Champertia  Griffithiana.-^nf^JoX. 


the  latter  being  placed  horizontally  in  the  pith  and  bast,  and  vertically  in  the  medul- 
lary rays.  The  stalks  of  the  two  cystoliths,  which  are  mostly  calcified,  spring  from 
the  common  wall  of  contact.  The  second  type  is  formed  by  cystoUth-like  structures, 
which  may  be  shortly  described  as  cystoliths  which  are  sessile,  or  devoid  of  a  stalk, 
and  have  a  reduced  skeleton ;  they  have  been  observed  in  the  primary  cortex  and  in 
the  tissue  of  the  leaf,  giving  rise  to  transparent  dots  in  the  latter.  They  form  spherical 
group^  of  2-6  cells,  each  of  which  contains  a  body  resembUng  a  cystohth.  These  cells 
exhibit  considerable  local  thickenings  on  the  walls  of  contact,  and  in  each  ceU  a 
crystal  of  carbonate  of  lime,  having  a  rather  irregular  outline  and  almost  filling  the 
lumen  of  the  cell,  is  inserted  in  the  thickening  of  the  wall  like  a  tooth  in  the  jaw. 
These  characteristic  groups  of  cells,  or  rather  the  crystals  they  contain,  together 
give  one  the  impression  of  a  large  clustered  crystal,  when  examined  under  a  low 
magnification.  The  third  type  is  lormed  by  silicified  protuberances  having  the  shape 
of  a  cystoUth  (Fig.  179,  D),  the  Uthocysts  being  arranged  in  a  group,  as  in  the  second 
type,  and  the  group  having  a  more  or  less  spherical  shape.  Behm  only  met  with  this 
tnird  type  in  a  certain  portion  of  his  material,  where  it  occurred  in  tne  tissue  of  the 
leaf.  For  the  transitions  between  the  three  types,  observed  by  Behm,  we  may  refer  to 
his  treatise.  An  interesting  metamorphosis  of  the  twin  cystoUths  and  their  htho- 
cysts  (Fig.  179,  C),  however,  must  not  be  omitted  here ;  all  stages  were  observed  by 
Behm  in  the  bast  of  the  material  collected  by  Cuming  (n.  1 1 29,  Herb.  Monac. ).  This 
secondary  metamorphosis  may  extend  to  both  or  only  to  one  of  the  cystohths  with 


SANTALACEAE  737 

the  corresponding  lithocysts,  and  is  initiated  by  the  disappearance  of  carbonate  of 
lime  from  the  cyitoliths.  At  the  same  time  the  cell-waU  of  the  lithocyst  becomes 
sclerosed.  A  further  sta^e  is  found  in  those  cases  in  which  sclerosis  a]so  affects  the 
outer  pOTtion  of  the  cystohth,  so  that  one  might  imagine  there  were  two  sclerosed  cells, 
the  one  inserted  in  the  other  (Fig.  179,  C).  Finally,  in  some  cases  sclerosis  is  carried 
so  far  that  the  sclerosed  wall  of  the  lithocyst  fuses  witii  the  sderosed  outer  portion 
of  the  body  of  the  cystolith  to  form  a  homogeneous  membrane  ;  in  this  final  stage, 
therefore,  we  obtain  a  stone-cell,  the  lumen  of  which  still  shows  the  approximate 
shape  of  the  original  cystolith. 

The  following  points  are  noteworthy  in  the  structure  of  the  leaf  and  axis  of 
Champereia,  The  leaf-structure  is  bifaciaL  The  stomata  are  only  present  on  the 
lower  side  of  the  leaf,  and  possess  several  subsidiary  cells,  placed  parallel  to  the 
pore.  The  vascular  bundles  of  the  smaUer  and  larger  veins  of  the  leaf  are  embedded. 
The  xylem  is  composed  of :  (a)  vessels  with  smaJl  lumina  (diameter  >«  033  mm.), 
simple  perforations,  and  bordered  pitting  in  contact  with  paurenchyma ;  (b)  two-  to 
three-seriate  medullary  rays ;  (c)  wood-prosench3rma  with  rather  thick  walls  and 
bordered  pits ;  and  {a)  a  small  amount  of  wood-parenchyma.  A  composite  and 
continuous  ring  of  sclerenchyma  is  found  in  the  pericycle.  The  cork  arises  in  the  epi- 
dermis, and  consists  of  cells  with  thick  walls  and  narrow  lumina. 

3.  On  the  genus  Grubbia. 

The  genus  Grubbia  has,  on  the  one  hand,  been  referred  to  the  Santalaceae  as 
an  anomalous  genus,  on  the  other  hand  it  has  been  associated  with  other  Orders, 
such  as  Hamamehdaceae  and  Bruniaceae,  and  recently  it  has  also  been  r^arded  as 
a  separate  Order,  the  Grubbiaceae.  It  is  essentially  distinguished  from  ^e  Santa- 
laceae anatomically  by  the  occurrence  of  scalariform  perforations  in  the  vessels,  and 
by  the  absence  of  parallel  subsidiary  cells  in  the  stomatal  apparatus.  Neither  have 
suidfied  groups  of  cells,  nor  terminal  tracheids,  nor  independent  rows  of  tracheids  in 
the  leaf-tissue  been  observed  in  this  genus.  Points  of  resemblance  between  Gfttbbia 
and  the  Santalaceae  are  the  small  lumina  of  the  vessels,  the  wood-prosenchyma  with 
bordered  pits,  and  the  superficial  formation  of  the  cork. 

The  following  facts  may  be  added  regardingthe  more  detailed  structure  of  the 
axis  and  leaf,  ine  leaf-structure  is  bifacial.  The  stomata  are  found  only  on  the 
lower  surface  of  the  leaf,  and  are  surrounded  b)r  a  relatively  large  number  of  irre^- 
larly  arranged  epidermal  cells.  The  wood  consists  of :  (a)  vessels  with  small  lununa 
(diameter  »  03  mm.)  and  scalariform  perforations  with  numerous  bars  (40  or  more), 
and  both  simple  and  bordered  pits  on  the  walls  in  contact  with  parenchyma  of  the  medul- 
lary rays ;  (b)  narrow,  unisenate  or  biseriate  medullary  rays ;  {c)  wood-prosenchyma 
vnxh  bordered  pits ;  and  {d)  a  small  amount  of  wood-parench3rma.  A  composite  and 
continuous  ring  of  sclerenchyma  is  present  at  the  outer  limit  of  the  bast  m  Grubbia 
stricta,  A.  DC.,  while  in  G.  rosmarinifolia,  Berg[  there  are  only  isolated  groups  of  hard 
bast.  According  to  Hieronymus  the  branch  in  the  species  of  the  section  Ofhira  is 
characterized  by  a  hypoderm,  which  is  sharply  dinerentiated  from  the  mtemal 
tissue,  whilst  in  the  species  of  the  section  Strobuocarpus  the  hypoderm  and  cortical 
tissue  merge  into  one  another.  The  cork  arises  subepidermally  and  is  composed  of 
cells  with  rather  thick  walls.  Oxalate  of  Ume  is  found  in  the  form  of  clustered  and 
solitary  crystals.  In  the  leaf  of  Grubbia  rosmarinifolia  the  clustered  crystals  occur 
chiefly  in  septate  cells  of  the  paUsade-tissue ;  while  in  G.  stricta  idioblasts, 
situated  immediately  beneath  the  epidermis  of  the  leaf,  contain  soUtary  or 
more  rarely  clusterea  crystals.  The  hairy  covering  consists  of  simple,  unicellular 
trichomes,  which  sometimes  have  vemicose  thickenings. 

Literature:  ChatiD,  Anat.  comp.,  PI.  parasit,  1856-62,  pi.  Ivi-lxxria  and  ex. — Dalton-Hooker, 
Mytodindron^  Ann.  sc  nat.,  s^.  3,  t.  ▼,  1846,  p.  195  et  seq.  and  pi.  5-9,  and  in  Flora  antarct.,  vol.  ii, 
1844^5,  p.  2^  Tab.  di-crii.— Pitra,  Phan.  Paras.,  Bot.  Zeit.  1861,  p.  69.— Solms-Laabach,  Paras. 
Phan.,  PHngsheim  Jahrb.,  Bd.  vi,  1867-8,  pp.  539-60  and  Tab.  xxxii-xzziii,  and  abstr.  of  Clarke, 
Loranthaceae,  Bot  Zeit.  1874,  p.  145  et  seq. — Moller,  Holzanat.,  Denkschr.  Wiener  Akad.  1876, 
p^  39  and  335. — De  Bary,  Vergl.  Anat.,  1877.— Moller,  Rindenanat.,  1883,  pp.  1 13-14. — Bokozny, 
Dnrchs.  P.,  Flora  1883,  p.  358  et  seq.  and  sep.  copy,  pp.  15-16.— -iSolezeder,  Holzstr.,  1885,  pp. 
335-6. — ^Radlkofiar,  in  Sitz.-Ber.  Miindi.  Akad.  1886,  p.  330. — Hieronymns,  in  Natiirl.  Pflanzenfiun., 


iii.  Tail,  Abt.  i,  1889,  pp.  190-200,  304-306  and  339. — Van  Tieghem,  Champertiay  Ann*  sc.  nat, 
s^.  7,  t.  xyii,  1893,  pp.  355-^. — Hoalbext,  Bois  sec.  dans  les  Ap^tales,  Th^,  Paris,  1893,  pp.  165- 
7a— Van  Tieghem,  NdUogia^  BnlL  Soc  bot.  de  France  1894,  p.  6r  et  ised.— Behm,  Anat.  Charakt. 


d.  S.,  Diss.,  Erlangen,  1895,  56  pp.,  sep.  copy  from  Bot.  CentralbU  1895,  u. — [Engler  and  Volkens, 
Ostafr.  Sanddholz,  Notizbl.  bot  Gart.  n.  Mas.  Berlin  1897,  n.  9.] 
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BALANOPHOREAE. 

The  Balanophoreae,  as  is  well  known,  are  root-parasites  devoid  of  chloror 
phyll ;  they  will  only  be  treated  here  as  far  as  is  compatible  with  the  object  of 
this  book.  For  information  regarding  other  features  the  literature  cited  must 
be  referred  to. 

The  ground-tisstte  in  these  fleshy  plants,  which  have  a  yellowish  or  reddish 
colour,  consists  of  large  parenchymatous  cells ;  these  become  smaller  towards 
the  periphery  both  in  the  rhizome  and  in  the  peduncles.  In  the  genera  Balano- 
phara,  Langsdorffia  and  Thonningia^  this  tissue  contains  a  substance  *  first 
observed  by  Goeppert,  who  gave  it  the  name  balanophorin  ;  according  to 
Poleck,  it  is  a  body  having  the  appearance  of  wax,  but  of  the  nature  of  resin, 
and  essentially  distinguished  from  wax  by  its  stickiness  and  higher  melting 
point.  In  the  other  genera  starch  is  found  m  place  of  the  balanophorin.  Other 
special  cell-contents  in  the  ground-tissue  are  the  clustered  and  solitary  crystals, 
met  with  m  Balanofhora  alutacea  by  Goeppert,  and  the  sphaero-oystalline 
clusters  consisting  ot  oxalate  of  lime  and  observed  in  Lopfuyphytum  mirabile, 
Schott  et  Endl  by  Eichler.  In  certain  species  {Helosis  guianensts^  Rich., 
H.  mexicana,  Liebm.,  Langsdorffia  hypogaea.  Mart.,  Lophophytum  mirabiU, 
Scl^ott  et  Endl.,  RhopalocnemiSy  Scybalium  jamaicense^  Schott  et  Endl.)  stone- 
cells,  which  are  either  isolated  or  united  into  groups,  occur  in  the  ground- 
ti3sue  ;  the  cells  are  sclerosed  on  all  sides,  or  {Langsdorffia  hypogaea)  on  one  side 
only.  In  the  tuberous  rhizome  of  Lophophytum  mirabile  they  become  secon- 
darily corroded  owing  to  a  process  of  solution,  and  ultimately  become  completely 
dissolved  (Eichler). 

The  epidermis  consists  of  small  cells,  and  contains  no  stomata.  In  Balano- 
phora  involucrata.  Hook.  f.  et  Th.  the  epidermis  includes  cells  of  a  papillose 
nature,  occurring  singly  or  united  into  groups  (Hooker).  Trichomes  are  rare 
{Langsdorffia,  Thonningia)  on  the  vegetative  organs ;  where  present  they  are 
unicellular,  have  thin  walls  and  rather  wide  lumina,  and  a  bulbous  basal  enlarge- 
ment. 

The  vascular  bundles  are  alwa}^  collateral ;  the  following  facts  may  be 
mentioned  regarding  their  distribution  n  the  rhizome  and  peduncle.  Owing 
to  the  irregular  course  and  the  branching  of  the  vascular  bundles,  their  arrange- 
ment is  irregular  in  the  tuberous  rhizomes  {Helosis,  Langsdorffia,  Lathrophyhim^ 
Lophophytum,  Rhopalocnemis,  Scybalium)  and  in  the  axis  of  the  inflorescence 
{Cynomorium,  Helosis,  Langsdorffia,  Lophophytum,  Rhopalocnemis,  Sarcophyte, 
Scybalium).  This  irregular  arrangement  is  most  marked  in  Scybalium  fungiforme, 
Schott  et  Endl.  and  Lophophytum  mirabile,  Schott  et  Endl.,  in  which  the  number 
of  bundles  in  the  transverse  section  amounts  to  200-300,  whilst  in  the  axis  of 
the  inflorescence  of  Helosis  guianensis  one  can  distinguish  two  more  or  less 
distinct  rings  of  vascular  bimdles,  and  in  that  of  Langsdorffia  hypogaea  a  main 
ring  with  medullary  and  cortical  bundles.  The  cylindrical  rhizomes  of  Helosis 
and  Langsdorffia  generally  have  only  a  single  ring  consisting  of  a  few  isolated 
vascular  bundles  ;  at  those  points,  however,  at  which  local  tuberous  thickenings 
occur,  the  r^^ular  arrangement  ceases.  In  the  floral  axis  and  cylindrical 
rhizomes  of  Helosis  guianensis  the  vascular  bundles  are  provided  with  a  layer 
of  sclerenchyma  at  the  margin  of  the  wood  and  bast.  Further,  in  the  cylindrical 
rhi^mes  of  Helosis,  the  pith,  situated  internally  to  the  vascular  ring,  consists 
entirely  {H.  guianensis),  or  at  least  in  its  peripheral  portion  {H.  mexicana),  of 
sclerenchymatous  fibres,  and  the  strips  of  ground-tissue,  lying  between  the 
vascular  bundles,  also  become  sclerosed.    The  vessels  of  the  Balanophoreae 


^  The  amount  of  baUnophorin  is  so  considerable  that  the  shoots  containing  this  substance  are 
used  as  torches  by  the  natives. 


BALANOPHOREAE  739 

exhibit  reticvilate  or  striate  thickenings ;  their  perforations  are  simple  in  Helosis 
(£.  Zimmermann).  It  is  doubtful  whether  Eichler's  statement  (which  is 
repeated  by  Engler)  regarding  the  occurrence  of  scalariform  perforations  is 
correct.  Tracheae  with  spiral  thickenings,  which  can  be  unroUed,  and  annular 
vessels  are  said  to  be  absent  in  this  Order ;  mechanical  elements  are  not  deve- 
loped in  the  xylem.  The  sieve-tubes  of  Helosis  have  scalariform  sieve-plates 
at  their  ends  and  on  the  lateral  walls  (E.  Zinunermann). 

The  scale-leaves  of  the  Balanophoreae  consist  of  homogeneous  tissue,  which 
includes  groups  of  stone-cells  in  Langsdorffia  hypogaea  and  Lophophytum  mirabile. 
The  number  of  the  vascular  bundles  which  pass  into  the  scale-leaves  and  there 
undergo  further  branching,  is  three  in  Langsdorffia  hypogaea  and  Lophophytum 
mirabue,  and  one  in  Scybalium  fungiforme. 

Literature:  linger,  Kemxtn.  d.  parasit.  Pfl.,  Ann.  Wiener  Mus.,  Bd.  ii,  1840,  pp.  13-60. — 
Goeppert,  Ban  d.  B.  &&,  Verb.  kais.  Leopold.-KaroI.  Akad.  d.  Naturf.,  Bd.  zWii,  Suppl.  i,  1841, 
p.  219  et  seq.  and  3  tab.,  and  Bhopalocnemis,  loc  cit.,  Bd.  zxii,  i,  1847,  p.  117  et  seq.  and  Tab. 
xi-zT. — Poleck,  Wachsahnl.  Best.  d.  Balanopkcra,  Verb.  kais.  Leopold. -ICarolin.  Akad.,  Bd.  zzii,  i, 
1847,  P-  '59  ^  seq.—Hooker,  Stmct  and  an.  of  B.,  Transact.  Linn.  Soc.,  vol.  xzii,  i,  1855^6,  p.  i 
et  seq.  and  pi.  i-zyi. — Weddell,  Cjmomorium  coccineum,  etc.,  Arcb.  Mns.  d'hist.  nat.,  vol.  z,  1858- 
61,  pp.  360-308. — Cbatm,  Anat.  comp.  d.  v^g^. :  pi.  paiasit.,  pp.  93-101  and  105. — Solms-Lanbacb, 
Parasit.  Phan.,  Piringsbeim  Jabrb..  Bd.  yi,  1867-8,  pp.  539-39.— Eichler,  Latkrophytum,  Bot  Zeit. 


Veigl.  Anat.,  1877. — E.  Zimmermann,  ffehsis guianensis^  Flora  1886,  pp.  371-86  and  400-3,  Tab. 
-Engler,  in  Natiirl.  Pflanzenfam.,  iii.  Teil,  Abt.  i,  1889,  pp.  344-7.^Peirce,  Stmct.  of  banstoria 


&c.»  Ann.  of  bot,  vol.  vii,  1803,  p.  318  et  seq.*-[Pirotta  e  Longo,  Stomi  nel  Cynomorium,  R.  Accad. 
dd  Lienci  1899,  pp.  98-100.  j 

EUPHORBIACEAE 

(excl.  Daphniphyllaceae  and  Buxaceae '). 

I.  Review  of  the  Anatomical  Features.  No  special  anatomical  features 
are  common  to  all  the  Euphorbiaceae.  On  the  other  hand  there  are  numerous 
anatomical  characters,  which  may  be  of  value  in  enabling  one  to  recognise  a 
plant  as  a  member  of  this  Order,  and  also  for  purposes  of  more  precise  deter- 
mination. 

In  the  structure  of  the  leaf  we  may  specially  note  that  the  stomatal  appara* 
tus  is  not  of  uniform  structure.  The  pairs  of  guard-cells  possess  subsidiary  cells 
of  the  type  found  in  the  Cruciferae  or  Rubiaceae,  or  they  are  surrounds  by  a 
number  of  ordinary  epidermal  cells.  In  the  structure  of  the  axis  the  followmg 
features  may  be  mentioned.  The  cork  in  most  cases  develops  subepidermally, 
rarely  in  a  deeper  cell-layer  of  the  primary  cortex,  or  in  the  epidermis.  The 
pericycle  either  contains  no  sclerenchjtea,  or  isolated  bundles  of  bast-fibres, 
sometimes  uniting  to  form  a  ring,  or  a  composite  sclerenchymatous  ring,  which 
is  completely  continuous  or  nearly  so.  Groups  of  bast-nbres  are  frequently 
present  in  the  secondary  bast,  but  only  very  rarely  give  rise  to  stratification  of 
the  latter.  The  primary  and  secondary  bast-fibres  are  often  characterized  by 
a  well-marked  stratification  of  their  walls.  The  xylem  consists  of  :  (a)  medul- 
lary rays  which  are  mostly  narrow  ;  (b)  vessels,  which  either  (in  most  cases)  have 
simple  perforations  only,  or  both  simple  and  scalariform,  or  (very  rarely)  ex- 
clusively scalariform  perforations ;  in  contact  with  parenchs^ma  they  either  bear 
bordered  pits  only,  or  the  latter  are  intermingled  with  simple  pits  of  varying  size ; 
{c)  wood-parenchyma,  which  is  abundant  in  only  a  few  members  of  the  (>rder  ; 
{d)  finally,  wood-prosenchyma  with  thick  walls  and  narrow  lumina,  or  rather 

*  The  Dapbnipbyllaceae  and  Buxaceae  will  be  treated  separately  in  an  appendix  at  the  end  of 
the  Euphorbiaceae. 
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thin  walls  and  wider  Inmina ;  in  the  former  case  the  wood-prosenchyma  is  some* 
times  provided  with  a  gelatinous  layer*  while  in  the  second  case  it  is  septate  ;  in 
the  majoritjr  of  the  Euphorbiaceae  the  walls  of  the  wood-prosenchyma  are 
furnished  with  simple  pits,  while  in  a  small  number  of  genera  <of  the 
Tribes  Caletieae,  Phyllantheae,  Hippomaneae  and  Acalypheae)  they  bear 
bordered  pits. 

Oxalate  of  lime  is  mostly  excreted  in  the  form  of  ordinary  solitary  and 
clustered  crystals ;  in  certain  species  it  is  entirely  absent.  The  following  special 
forms  of  crystals  are  found :  sphaerites  {AcalypMy  Claoxyhn^  Crotan,  CrotonopsiSy 
EremocarpuSy  Gdonium) ;  styloids  {Bernardta^  CoUi^uaya^  Excoecaria^  Pachy- 
stroma,  Phyllanthus) ;  and  rod-shaped  crystals,  bent  like  a  V  or  W  {PhyUanthus). 
In  certain  Ampereae,  Crotoneae,  Acalypheae  and  Hipjx)maneae  clustered  and 
solitary  crystals  occur  in  the  epidermis  of  the  leaf,  while  in  many  Euphorbiaceae 
they  are  found  in  special  idioblasts  in  the  mesophyll,  the  latter  sometimes 
givmg  rise  to  transparent  dots  in  the  leaf.  The  internal  secretory  system 
is  constituted  as  follows  :  I.  laticiferous  cells  (in  CroUm  pro  parte,  some 
Acalypheae,  and  many  Hippomaneae  and  Euphorbieae) ;  II.  laticiferous  vessels 
(in  nevea  and  Manihot  only) ;  III.  rows  of  laticiferous  sacs  (only  in  Micrandra) ; 
IV.  tanniniferous  cells,  sometimes  differing  from  the  surrounding  cells  in  the  size 
of  their  limiina  or  in  their  length,  and  occurring  singly  or  in  rows ;  they  are 
found  principally  in  the  bast,  where  they  appear  as  more  or  less  distinct  idioblasts 
(widely  distributed  in  all  the  Tribes) ;  V.  very  much  elongated  secretory  sacs, 
which  frequently  have  wide  lumina  and  are  mostly  filled  with  brown  contents 
(in  Alchornea  (?),  GivotiUf  MaUotus,  Pausandra,  Pogonophora) ;  they  must  not 
be  confounded  with  the  laticiferous  cells ;  VI.  secretory  cells  with  oily  or 
resinous  contents  (Fig.  i8o,  A-C),  which  show  varied  differentiation,  and  have 
various  shapes,  and  sometimes  give  rise  to  pellucid  dots  in  the  leaf  (in  Ricinus 
and  the  Eucrotoneae,  excepting  some  species  of  Croton  belonging  to  the  section 
As^aea)  ;  VII.  secretory  lacunae,  i.e.  intercellular  secretory  spaces  with  curved 
epithelial  cells  loosely  connected  with  one  another ;  they  usually  give  rise  to 
transparent  dots  in  the  leaf  (in  Cluytia  and  Gdonium) ;  VIII.  mucilage-cavities, 
or  groups  of  mucilaginous  cells  (in  certain  Phyllantheae).  Of  all  these  secretory 
organs,  only  those  numbered  I~III  have  been  shown  to  produce  a  milky  juice. 

The  trichomes  may  be  classified  under  clothing  hairs,  external  glands,  and 
stinging  hairs  (including  the  hairs  containing  clustered  crystals).  The  usual 
form  ofthe  closing  hairs  is  the  simple,  unicellular  or  uniseriate  trichome,  which 
is  frequently  present.  Special  forms  of  such  trichomes  are  the  unicellular,  two* 
armed  hairs  of  Argyrotham/nia  and  Pausandra,  and  the  branched  hairs  of  species 
of  PhyllatUhus  and  Mabea.  The  following  types  of  clothing  hairs  (see  Fig.  i8o) 
have  a  more  complicated  structure :  stellate  and  tufted  hairs  (in  the  Ricino- 
carpeae,  Phyllantheae,  Crotoneae,  Acalypheae  and  Hippomaneae) ;  peltate 
hairs  (in  Aextoxicon  and  certain  Phyllantheae,  Crotoneae  and  Acalypheae) ; 
simple  shaggy  hairs  (in  certain  Phyllantheae  and  Acalypheae) ;  and  candelabra- 
hairs  (in  species  of  Croton,  Fig.  i8o,  K),  Regarding  these  hairs  it  may  be  added 
that  sderenchymatous  ceUs  belonging  to  the  mesophyU  are  sometimes  associated 
with  the  complicated  trichomes  of  the  species  of  Croton  in  such  a  way  that  they 
appear^to  form  a  component  part  of  the  hair  ;  some  of  the  peltate  hairs  (Fig.  i8o, 
L)  are  provided  with  a  small  '  lower  scale.'  Ordinary  glandular  hairs  are  not 
common ;  they  have  been  observed  in  the  tribes  Ricinocarpeae,  Phyllantheae, 
Acalypheae  (nere  more  frecjuent  than  elsewhere)  and  Hippomaneae.  Large, 
variously  shaped  glands  (Fig.  i8o,  M-0),  provided  with  a  secretory  palisade- 
like epidermis,  are  muchmore  widely  distributed;  they  occur  on  the  petiole,  on  the 
surface  of  the  leaf,  on  the  leaf- teeth,  or  on  the  stipules  of  many  species,  and  some 
of  them  are  transitory.  The  genera  Cnesmone,  Leptorhachis  and  Tragia,  be- 
longing to  the  Acalypheae,  and  the  genus  DaUchampui  have  very  characteristic 
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stinging  hairs  (Fig.  180,  P-^),  the  essential  part  of  which  is  a  cell  containing 
a  subulate  crystai  of  oxalate  of  Ume,  suspended  from  beams  of  cellulose; 
Jatropka  has  stinging  hairs  showing  the  same  structure  as  those  of  the  nettle. 
Hairs  or  papillae  with  clustered  crystals  (Fig.  180,  R-S\  i.e.  papillose  projections 
of  the  epidermis,  resembling  stellate  hairs  or  of  spherical  shape,  and  filled  by  a 
clustered  crystal  of  oxalate  of  lime,  are  found  in  the  genera  Acalypha^  Argyro- 
ikamnia^  Caperonia^  Claoxyhn,  Fragariopsis  and  PlukenetiUy  belonging  to  the 
Acalypheae. 

^omalous  structural  features  are  found  in  the  axis  of  certain  Euphorbia- 
ceae  ;  these  consist  in  the  occurrence  of  :  I.  intraxylary  phloem  (in  Croton  excl. 
species  of  the  section  Asiraea,  in  Crotonopsis^  Eremocarpus  and  JulocroUm^  of 
the  Tribe  Crotoneae ;  in  Akhamea^  Conceveiba,  Mallotus  pro  parte  and  Pera,  of 
the  Tribe  Acalypheae ;  in  Dacfylosteman,  Mabea,  Senefddera  and  SebasHania 
pro  parte,  of  the  Tribe  Hippomaneae) ;  II.  secondary  bundles  of  wood  and 
bast  in  the  parenchymatous  pericyde  in  species  of  Dalechampia  and  Fragariopsis ; 
III.  interxylary  phloem  in  Dalechampia ;  IV.  medullary  vascular  bundles  in 
Ricinus, 

Finally,  the  following  anatomical  features  are  of  minor  systematic  value : 
gelatinization  of  the  epiaermis  of  the  leaf;  papillose  differentiation  of  the 
epidermis  on  the  lower  side  of  the  leaf ;  development  of  hjrpoderm  on  the  upper 
side  of  the  leaf  ;  cork-warts  on  the  leaf  (Amanoa) ;  sclerenchymatous  fibres  and 
elongated  spiral  tracheids  (Pogonophara)  in  the  mesophyll ;  crystalloids  and 
sphaero-crystals  of  undetermined  nature,  &c. 

2.  Structure  of  the  Leaf.  The  following  description  of  the  structure  of 
the  leaf  and  axis  is  mainly  based  on  the  various  researches  which  have  been 
carried  out  in  Professor  Radlkofer's  botanical  laboratory  during  the  last  few 
years  *.    The  whole  of  the  Uterature  cited  was  also  taken  into  account. 

The  anatomical  features  of  the  leaf  are  very  varied  ;  this  is  to  be  expected 
when  the  great  extent  of  the  Order  is  taken  into  consideration,  and  is  well  shown 
in  the  structure  of  the  integumental  tissue.  The  lateral  walls  of  the  epidermal 
ceils  may  be  either  straight  or  undulated.  The  thiclaiess  of  the  outer  walls  varies^ 
and  is  often  considerable.  In  some  cases  the  inner  walls  are  strongly  thickened, 
e.g.  in  some  species  of  Croton  (FrdmbUng),  and  also  in  some  Hippomaneae  (species 
of  Actinostemon,  Givotia  and  Senefddera^  according  to  Herbert).    Rothdauscher 


^  In  the  description  of  the  Enphorbiaceae  I  follow  the  classification  of  Mailer  Arg.  in  DC. 
Prodr.,  especially  since  the  systematic-anatomical  papers,  referred  to  aboTe,  followed  the  same 
system  of  classification.  It  will  therefore  be  appropriate  to  enumerate  the  ten  Tribes  of  Mailer's 
system,  and  at  the  same  time  to  give  an  alphabetical  list  of  the  genera  or  species,  which  have  been 
examined  anatomically,  in  each  Tribe :  I.  Caletieae  :  Caletia  hexandra^  Mull.  Arg.  and  Pseudantkus 
piwuleoidiSy  Spreng.  were  examined  by  me. — II.  Ridnocarpeae :  Bertya  gummifera^  Miill.  Are., 
Beyeria  viscosa^  Miill.  Arg.  and  Ricinocarpus  pinifolius,  Desf.  were  examined  by  me. — III. 
Ampereae :  I  examined  Amperea  sparthides,  Brongn. — IV.  Phyllantheae :  FriSmbling  and  Roth- 
daascher  examined  species  of  the  genera :  Actephila,  Amanoa,  Andrachne,  Antidisma,  Aporosa^ 
Baccaurea,  Bischoffia,  Brtynia,  Cyclostemany  Discocarpus,  Drypetes,  H^micyclia,  Hieromtma, 
Hymtnocardia,  Lachnostylis^  Melanthesopsis,  PetalosHgma,  Phytlanthus,  Putranjiva,  Hideria, 
Sauropujf  Savia,  Securinega.^V ,  Bridelieae :  Bridelia  sHpularis,  Bl.  was  examined  by  me. — VI. 
Crotoneae :  Frombling  investigated  species  of  the  genera  Croton^  CrotompsiSy  EremocarpuSy  Julo- 
croton  and  Micrandra, — VII.  Acalypheae :  Rittershansen  examined  species  of  the  genera  Acafyphay 
Adriana,  AgrosHsiachys,  Alchomeay  AUuriieSy  Argyrothamniay  Bemardia^  Caperonia,  Cephah- 
croton,  Claoxylofty  CUidioHy  Cnesmom,  Coccoceras,  Coelodiscus,  Conceveiba,  Croaophoray  DysopsiSy 
Fragariopsis y  Hevea^  ffomonoyOy  Johannesiay  Leptorhachis,  Mctcaranga,  Mallotus,  Mercuriality 
PachystroniOy  Peray  Pluketutia,  RicineUay  Ricinusy  SarcocliniuMy  Symphylliay  Trc^ia  and  Trtwia, 
VIII.  Hippomaneae :  Herbert  investigated  species  of  the  genera  Acidocroton^  Actinostemon,  Adena- 
cUne,  Adinopeltisy  Carwnlfiutny  Chaetocarpus^  Cluytiay  Codicteunty  Colliguayay  DactylostemoHy 
ErismanthuSy  Excoecaria,  Gelonium,  Grootioy  HippomarUy  ffuray  Jatrophay  Mabeay  Manikot, 
Maprounea,  AficrodesmiSy  Ostodesy  Paradenccline,  PtMsandra,  Pogonofhora,  Sebastianiay  SenefelcUra, 
Stiliingia  and  Trigofiostemon. — IX.  Dalechampieae :  Dalechampia  has  been  examined  by  Ritters- 
hansen.— X.  Varioiu  Enphorbieae  by  several  anthors. 


742  EUPHORBIACEAE 

mentions  a  specially  strong  sderotical  differentiation  of  the  outer  wall  of 
the  epidermis  as  occurring  on  the  lower  side  of  the  leaf  in  species  of  Amanoa 
and  Discocarpus,  According  to  the  same  author  marginal  pits  are  found  in 
species  of  Aporosa^  Bischoffla,  Cyclostemon,  Drypetes  and  HemtcycUa.  Another 
noteworthy  anatomical  feature  of  the  epidermis  is  its  gelatini^ation,  which  is 
very  extensive  on  the  upper  side  of  the  leaf  in  the  investigated  species  of  the 
Caletieae.  While  the  lower  epidermis  only  includes  isolated  cells  with  muci- 
laginous inner  walls,  the  corresponding  walls  of  the  upper  epidermal  cells  coalesce 
to  form  a  common  mucilaginous  layer.  Amongst  the  Phyllantheae,  Rothdauscher 
met  with  mucilaginous  epidermal  cells  in  certain  species  of  Actephila,  Andrachne^ 
AfUidesffuif  Aporosa,  Hieronyma^  Hytnenocardia^  Richma,  and  Securinega^ 
whilst  Fromblmg  found  them  in  species  of  PetalosHgma  and  PhyUanthus ;  in 
the  species  examined  by  Rothdauscher,  the  mucilage-cells  are  occasionally  of 
large  size  and  spherical  in  shape  ;  their  lower  ends  penetrate  into  the  mesophyll, 
and  frequently  only  a  small  portion  of  the  wall  reaches  the  surface  of  the  leaf. 
In  the  Crotoneae  and  Hippomaneae  gelatinization  of  the  epidermis  of  the  leaf 
has  not  been  observed,  but  it  occurs  in  the  Acalypheae  (species  of  Acalypha^ 
Claoxylon,  Homonoya^ Leptorhachis, Pera  oiidTragiay  according  to  Rittershausen), 
and  in  the  species  of  Bridelia  (Tribe  Bridelieae),  examined  by  me:  The  nature 
of  the  markings  on  the  cuticle  is  also  very  varied  ;  of  these  we  need  only  men- 
tion the  occurrence  of  thick  cuticular  crests  in  si)ecies  of  Mabea  (Herbert), 
and  of  very  characteristic  markings  on  the  lower  side  of  the  leaf  in  AleuriieSy 
Hevea  and  Johannesia  (Rittershausen).  According  to  Herbert,  groups  of 
silicified  epidermal  cells  are  found  in  species  of  Actiftostemon^  Manihot,  Pau- 
sandra,  Sebastiania  and  Trigonostemon ;  according  to  Rittershausen,  rosettes 
of  silicified  cells  containing  cystolith-like  bodies  (like  those  of  the  Boragineae, 
but  only  silicified  not  calcified)  occur  in  the  epidermis  of  the  leaf  in  the  spjecies 
of  Bemardia  in  the  immediate  neighbourhood  of  the  trichomes.  Papillose 
development  of  the  epidermis  of  the  leaf  is  also  very  widely  distributed. 
Amongst  the  Phyllantheae  it  has  been  observed  on  the  lower  side  of  the  leaf 
in  Amanoa  oblongifolia^  MiiU.  Arg.,  Securinega  AcidothamnuSf  Miill.  Arg.  and 
S.  obovata^  MiiU.  Arg.  by  Rothdauscher,  and  in  numerous  species  of  PhyUanthus^ 
and  in  Melanthesopsis  fruiicosa,  Miill.  Arg.  by  Frombling.  According  to 
Rittershausen,  a  number  of  Acalypheae  show  the  same  feature,  viz. :  Alchornea 
Martiana^  MfiU.  Arg.,  A.  SchomburgkH^  Klotzsch;  Conceveiba  guianensis, 
Aubl. ;  HevM  discolor^  Miill.  Arg. ;  Homonoya  riparia.  Lour. ;  Johannesia 
princeps,  Veil,  (only  the  subsidiary  cells  of  the  stomata) ;  Macaranga  gummi- 
fiuay  MiiU.  Arg.,  M.  Hdferi^  MiiU.  Arg.,  M.  javanica^  MiiU.  Arg.  fi  genuina  (in 
the  neighbourhood  of  the  glandular  hairs),  Af.  indica,  Wight,  Af.  minuiifloray 
MiiU.  Arg.,  M.  populifolia^  MiiU.  Arg.,  M.  tomentosa^  Wight ;  MaUotus  flori- 
bunduSf  MiiU.  Arg. ; — ^in  Macaranga  triloba^  MiiU.  Arg.,  MaUottis  ticinoides^ 
MiiU.  Arg.  and  Ricinus  communis^  L.  the  epidermal  ceUs  on  the  upper  side  of 
the  leaf  are  subpapiUose.  FinaUy,  the  lower  epidermis  of  the  leaf  is  entirely 
or  partiaUy  papillose  in  some  Hippomaneae,  according  to  Herbert,  namely  .- 
Canmbium  populneum^  MiiU.  Arg. ;  Cluytia  daphnotdes^  MiiU.  Arg. ;  Mabea 
angusHfoUa,  Benth.  a  genuina^  M.  fistulifera^  Mart. ;  Manihot  coertdescens^ 
MM.  Arg.  p  genuina^  M,  palmata,  MuU.  Arg.  a  diffusa^  M.  pilosa^  Pohl,  M. 
tripartita^  Miill.  Arg.  fi  porrecta,  Af .  utilissima,  Pohl ;  Maprounea  guianensis, 
Aubl. ;  StiUingia  discolor^  Champ,  et  Benth.,  S.  nutans^  Vahl  and  5.  sebifera, 
Michx.  In  Euphorbia  buxifolia^  Lam.  the  upper  epidermis  of  the  leaf  is  papil- 
lose (Warming).  The  shape  of  the  papiUae  varies,  e.g.  capitate  in  Maprounea 
guianensis^  in  other  cases  frequently  long  and  finger-shaped.  Transitions  from 
the  latter  type  of  papiUae  to  simple,  uniceUmar  trichomes  are  sometimes 
found.  Such  transitional  forms  have  been  observed  by  Frombling  in  PhyUan- 
thus praetervisus,  MiiU.  Arg.  and  by  Herbert  in  Sebastiania  daphnoides^  MiiU. 
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Arg.  a  myrtilhides.  Another  noteworthy  feature  is  the  occurrence  of  hypoderm 
4)0  the  upper  side  of  the  leaf.  Amongst  the  Phyllantheae  a  single  layer  of 
hypoderm  is  found,  according  to  Rothdauscher,  in  Bischoffia  javanica,  Bl., 
Cyclosteman  Cumingii^  Baill.,  Hemicydia  andamanica,  Kurz,  and  locally  also 
in  Hymenocardia  acUa^  Tul. ;  according  to  Frdmbling,  in  Phyttatdhus  indicus^ 
Moll.  Arg.,  P.  obovatus,  MiiD.  Arg.  and  P.  puberus,  MuQ.  Arg.,  and  locally  also 
in  certain  other  species  of  Pkyllanthus.  Rittershausen  mentions  the  occurrence 
of  a  similar  hypoderm  in  the  following  Acalypheae :  Agrostistachys  indica, 
Hiill.  Arg.,  Aleuntes  moluccana^  Willd.,  Pachystrotna  ilidfolium^  Miill.  Arg. ; 
^amongst  the  Hippomaneae  Herbert  found  a  hj^derm  in  all  the  investigated 
species  of  Gdonium  and  in  Excoecaria  AgaUocha^  Miill.  Arg.  The  occurrence 
€A  structures  resembling  cork-warts  can  be  demonstrated  on  the  lower  side  of 
the  leaf  in  Amanoa  oblangifolia^  MiiD.  Arg.  (PhyUantheae).  Other  special 
features  of  the  integumental  tissue,  such  as  secretory  cells  (in  Ricinus)  and 
4T^tals  (in  representatives  of  the  Ampereae,  Crotoneae,  Acalypheae  and 
Hippomaneae)  will  be  fully  treated  in  the  sections  dealing  with  those  subjects. 
G)nceming  the  stomata,  we  may  first  mention  that  in  most  of  the  Tribes 
<exduding  the  Crotoneae)  they  are  usually  confined  to  the  lower  side  of  the 
leaf,  occurring  more  rarely  on  both  surfaces.  In  the  leaf  of  Euphorbia  buxi- 
folia^  Lam.,  in  which  the  lower  half  of  the  mesophyll  is  occupied  by  aqueous 
tissue,  the  stomata  are  found  only  on  the  upper  side  of  the  leaf  (WarmingJT. 
In  very  many  Euphorbiaceae  the  stomatal  apparatus  belongs  to  the  Rubiaceoiis 
type,  the  stomata  being  accompanied  on  either  side  by  one  or  more  sub- 
sidiary cells,  which  are  placed  parallel  to  the  pore.  In  other  cases,  however, 
the  Cruciferous  type  occurs,  or  the  pairs  of  guard-cells  may  be  surrounded  by 
a  relatively  large  number  of  cells,  exhibiting  no  special  arrangement.  Regard- 
ing the  special  distribution  of  the  Rubiaceous  type,  &c.,  amongst  the  Euphor- 
biaceae, the  following  facts  may  be  mentioned.  In  the  Ampereae  (Amperea) 
the  stomata  are  mosfly  surrounded  by  three  epidermal  cells.  In  the  Phyllan- 
theae (excl.  Euphyllantheae)  examined  by  Rothdauscher,  the  Rubiaceous 
type  preponderates  ;  Andrachne,  Aparosa,  Baccaurea^  Lachnostylis  and  Richeria 
constitute  the  sole  exceptions,  the  Cruciferous  type  being  more  or  less  distinct 
in  these  genera.  In  the  Euphyllantheae  Frombling  found  no  uniform  type 
of  stoma,  for  the  cells  adjacent  to  the  guard-cells  in  this  Tribe  appear  as  sub- 
sidiary cells  either  of  the  Cruciferous  or  Rubiaceous  types,  both  types  often 
occurring  side  by  side  on  the  same  leaf-surface.  In  the  Acalypheae  and 
Dalechampieae,  according  to  Rittershausen,  the  Rubiaceous  type  is  present 
in  all  cases,  and  the  same  (exception :  Manihot  caerulescens.  Mull.  Arg.  p 

fenuina)  applies  almost  throughout  the  Hippomaneae,  according  to  Herbert, 
n  the  Euphorbieae  Benecke  mentions  the  occurrence  of  the  Rubiaceous  type 
in  Mercurialis  and  Euphorbia,  It  is  impossible  to  enter  into  details  here 
regarding  the  varied  mode  of  insertion  of  the  guard-cells,  i.e.  whether  they 
are  depressed,  not  depressed,  or  elevated.  Chily  one  noteworthy  feature  will 
be  mentioned,  that  shown  by  the  stomatal  apparatus  in  Caletia  and  Pseudanthus^ 
or,  to  be  more  precise,  by  the  cells  which  adjoin  the  guard-cells  and  penetrate 
beneath  them.  The  walk  of  these  cells,  which  run  at  right  angles  to  the  surface 
of  the  leaf,  and  limit  the  outermost  part  of  the  respiratory  cavity,  appear, 
when  examined  in  a  superficial  section,  to  be  folded  in  a  precisely  similar 
manner  to  the  well-knovm  arm-palisade-cells  (of  Haberlandt)  of  the  type  with 
numerous  arms.  The  object  of  this  arrangement,  which  has  also  been  observed 
in  other  Orders  of  plants,  remains  to  be  determined. 

The  leaf*structure  may  be  either  centric  or  bifacial ;  for  details  reference 
must  be  made  to  the  special  papers  cited.  I  have  met  with  rolled  leaves  having 
two  furrows,  one  on  either  side  of  the  median  vein,  and  showing  a  corresponding 
type  of  structure,  in  the  species  of  Bertya  and  Ricinocarpus  mentioned  above. 


744  EUPHORBIACEAE 

The  following  special  features  of  the  mesophyll  are  worth  mentioning :  the 
occurrence  of  a  kind  of  arm-palisade-parenchyma  in  Phyllanthus  Roxburghii^ 
Miill.  Arg. ;  the  peculiar  differentiation  of  the  lowest  cell-layer  of  the  spongy 
tissue  inmicrode^is  caseariaefolia^  Planch. ;  and  the  occurrence  of  sderenchy- 
matous  elements  running  freely  in  the  mesophyll,  of  spiral  tracheids,  and  of 
enlarged  terminal  tracheids.  In  the  species  of  Microdesmis  mentioned  above, 
the  ktyer  of  cells  referred  to  is  strongly  thickened  on  the  side  facing  the 
interior  of  the  leaf.  Sclerenchymatous  fibres,  running  freely  in  the  leaf,  are 
found  chiefly  in  the  Acalypheae,  viz,  according  to  Rittershausen  in  :  Acalypha 
diversifolia,  Miill.  Arg.  a  popoyaensis ;  Alchomea  Uicifolia^  Miill.  Arg.,  A^ 
laHfolia,  Sw.,  A.  Martiana,  Miill.  Arg.  (according  to  loc.  cit.,  p*  38),  A.  Sdwm- 
bur^kii,  Klotzsch ;  Bemardia  axillaris^  Miill.  Arg.  fi  genuina,  B.  cdastrinea^ 
Miill.  Arg.,  B.  gambosa,  Miill,  Arg.,  B.  scabra^  Miill.  Arg. ;  Conceveiba  guianensis^ 
Aubl.,  C.  irigonocarpa,  Miill.  Arg. ;  MaUotus  Lawii,  Miill.  Arg. ;  Pera  aniso- 
tricha,  Miill.  Arg.,  P.  coccinea,  Miill.  Arg.,  P.  disiichophyUa,  Baill,  P.  heterodoxa^ 
Miill.  Arg. ;  SarcocUnium  longifolium^  Wight ; — ^also  according  to  the  same 
author  amongst  the  Dalechampieae  in  Dalechampia  affinis^  Miill.  Arg.,  D. 
brasiUensis,  Lam.,  D.  cafensis^  Spreng.  f.,  D,  caperonioides,  Miill.  Arg.,  D,  fid^ 
foUa,  Lam.,  Z>.  LMndn^  Baill.,  D.  magnoliaefolia^  Miill.  Arg.,  D.  scandens^ 
Miill.  Arg.  J8  fallax^  D,  semitriloba^  Tausch,  and  D.  triphyUa,  Miill.  Arg.  The 
same  kind  of  sclerenchymatous  fibres,  frequently  showing  well-marked  strati- 
fication of  their  walls,  have  also  been  observed  by  Herbert  in  the  following 
Hippomaneae :  Actinostemon  concolor,  Miill.  Arg. ;  Chaetocarpus  castamae- 
carpus,  Thw.,  C.  Pohlii,  Miill.  Arg. ;  Erismanthus  obliquus,  MiiD.  Arg. ;  Pau-^ 
sandra  Morisiana,  Radlk. ;  Sebastiania  brasUiensis,  Miill.  Arg.,  5.  mulUramea^ 
Miill.  Arg. ;  Trigonostemon  laurifolius^  BaiU. ; — ^and  finally  Rothdauscher  met 
with  them  in  AcUphUa  laiifolia,  Benth.  (Phyllantheae).  Here  we  may 
mention  the  sclerenchymatous  cells  (rod-cells  and  sclerenchymatous  fibres), 
which  occur  in  connexion  with  the  trichomes  in  many  Crotoneae ;  they 
will  be  dealt  with  more  fully  in  the  description  of  the  hairs.  The  spirsd 
tracheids  mentioned  above  occur  only  in  the  spongy  tissue  of  Pogonophora 
Schoffiburgkiana,  Miers ;  they  have  a  tubular  shape,  are  provided  with  a  very 
delicate  spiral  band,  and  are  about  40^1  in  breadth.  Herbert  has  shown  that 
enlarged  terminal  tracheids  occur  in  species  of  the  genera  Givotia,  Mabea, 
Sebastiania  and  StiUingia  (of  the  Hippomaneae).  The  special  crystal-idio- 
blasts  of  the  mesophyll  will  be  described  in  the  section  dealing  with  the  crystal- 
line elements. 

In  the  structure  of  the  veins  we  may  first  point  out  that  the  vascular 
bundles  may  or  may  not  be  accompanied  by  sclerenchymatous  tissue. 
In  some  species  of  Euphorbia  (£.  bahiensisy  Boiss.  and  E.  buxifolia.  Lam.) 
the  bundles  are  surrounded  by  a  parench}rmatous  sheath  of  large,  wide  cells 
(Warming).  Tlie  smaller  veins  are  either  embedded  or  vertically  trans- 
current.  In  the  following  members  of  the  Order  the  latter  is  the  case; 
amongst  the  Phyllantheae  the  genera.^  Amanoa,  LHscocarpus^  Hymenocardia^ 
Lachnostylis,  Richeria  and  Savia,  and  some  of  the  species  of  Aporosa, 
Hemicyclia  and  Securinega;  amongst  the  Crotoneae  some  of  the  species  of 
Croton ;  amongst  the  Acalypheae  Alchornea^  Conceveiba^  Macaranga,  MaUotus^ 
Trewia,  and  Bernardia  celastrinea^  Miill.  Arg.,  and  Hevea  (here  vertically  trans- 
current  on  the  upper  side  only) ;  amongst  the  Hippomaneae  Hippomane  and 
species  of  Manihot  and  StiUingia. 

Oxalate  of  lime  is  generally  excreted  in  the  form  of  clustered  and  solitary 
cr}^tals.  Both  forms  may  occur  side  by  side  in  the  same  plant ;  in  other 
cases  there  are  only  clustered  crystals,  or  (extremely  rarely,  in  Pachystrorna) 
only  solitary  crystals,  or  oxalate  of  lime  may  be  entirely  absent.  The  following 
special  forms  of  crystals  of  oxalate  of  lime  have  been  observed  in  this  Order ; 
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sphaerites,  small  rod-shaped  crystals,  often  bent  like  a  V  or  W,  and  styloids. 
Amongst  the  Crotoneae  Frdmbling  met  with  sphaerites  of  oxalate  of  lune  in 
the  mesophyll  in  Croionopsis,  EremocarbuSy  Croton  capitatus,  Miill.  Arg.  and 
C.  monanthogynusy  Michx. ;  of  the  Acatypheae  Acalypha  and  ClaoxyUm  like- 
wise possesses  sphaerites,  which  lie  in  hemispherical,  projecting  epidermal  cells 
of  the  axis  and  leaf  (Rittershausen) ;  lastly,  they  are  also  fomid  m  the  pith  of 
Gdanium,  according  to  Herbert.  The  small  rod-shaped  crystals,  which  are  bent 
like  a  V  or  W,  and  recall  the  analogous  forms  of  crystals  found  in  the  Papiho- 
naceae,  have  only  been  observed  in  the  mesophyll  of  some  species  of  Phyllanthus. 
Typically  differentiated  styloids  are  found  in  the  bast  in  species  of  PhyUatUhus, 
in  the  leaf  and  axis  in  Pachysiroma^  and  in  the  bast  of  Bemardia ;  styloids, 
showing  less  typical  differentiation,  occur  in  the  bast  in  CoUigtMya  and  Excoe- 
carta.  The  terminal  cells  of  the  stinging-hairs  of  Cnesmone^  Dalechampia, 
Leptorhachis  and  Tragia  contain  crystals  resembling  styloids ;  further  details 
will  be  given  below.  The  ordinary  crystalline  elements  of  oxalate  of  lime, 
especially  the  clustered  crystals,  more  rarely  the  solitary  crystals,  are  con- 
tamed  in  special  idioblasts,  in  certain  members  of  the  Order  ;  these  idioblastd 
are  distinguished  either  by  their  large  or  small  size,  sometimes  also  by  their 
shape.  Very  freauently  they  are  found  in  the  epidermis  of  the  leaf,  either 
singly  or  arranged  in  small  groups,  and  they  are  often  characterized  by  their 
small  size  and  their  rounded  outline  in  surface-view. 

Amongst  the  Ampereae  I  met  with  roundish  crystal-idioblasts  in  both  the 
upper  and  lower  epidermis  of  Amperea  spartiaides^  Brongn. ;  the  clustered  crystals, 
iMOuch  they  contain,  are  embedded  in  a  thickening  of  the  inner  wall.  Amongst 
the  Crotoneae  clustered  crystals  in  the  epidermis  of  tne  leaf  have  only  been  observed 
in  JulocroUm  triqueUr^  MulL  Arg.  On  the  other  hand  they  are  present  in  many 
Acalypheae  and  Hippomaneae.  Amongst  the  Acalypheae  Agrosiistachys,  Aleurites, 
Cleidion,  Coelodisctis,  Conceveiba  pro  parte,  Homonoya  and  Tretvia  possess  idio^ 
blasts,  which  contain  clustered  crystals,  but  otherwise  differ  little  from  the  rest  of 
the  epidermal  cells;  in  Acalypha  pro  parte,  Alchornea,  Claoxylon,  Dalechampia 
and  MaUoius  the  epidermal  cells  containing  the  clustered  crystsds  are  of  consider- 
able  size,  and  consequently  penetrate  into  the  mesophyll ;  the  idioblasts  of  Argyro- 
thamnia  and  Capcronia,  which  also  contain  clustered  crystals,  are  distinguished 
by  having  a  smadler,  roundish  lumen,  and  by  being  arranged  in  small  groups.  In  some 
other  Acalypheae,  llie  idioblasts,  containing  clustered  crystals,  project  Uke  papillae 
or  hairs,  but  these  will  be  desdt  with  in  the  description  of  the  hairy  covering. 
Amongst  the  Acalypheae  solitary  crystals  in  the  epidermis  of  the  leaf  have  hitherto 
only  l^n  observed  in  Cnesmone  javanica^  Bl.  and  in  Dalechampia  scandens,  MuU. 
Arg.  /9  fallax.  Amongst  the  Hippomaneae  small  idioblasts,  containing  clustered 
crystals,  have  been  shown  to  occur  in  the  epidermis  of  the  leaf  in  species  of  Hippo- 
mane^  Manihot,  Ostodes  and  Pausandra,  Herbert,  who  investigated  this  Tribe, 
was  not  able  in  all  cases  to  determine  with  certainty  whether  the  large  crystal- 
idioblasts,  which  occur  in  other  Hippomaneae,  belong  exclusively  to  the  palisade- 
tissue  or  are  epidermal  cells  depressed  to  the  level  of  the  palisade  ;  these  idioblasts 
either  contain  clustered  crystals  {Acidocroton^  Jatropha  pro  parte,  Givotia)  or 
solitary  crystals  (Erismanthus,  Microdesmis,  Pogonophora,  Stiliingia  pro  parte), 
the  latter  being  frequently  inserted  in  a  thickening  of  the  inner  wall. 

Large  crystal-idioblasts,  which  for  the  most  part  have  a  suberized  wall, 
and  are  occupied  by  clustered  or  solitary  crystals,  are  equally  common  in  the 
mesophylJ^  and  sometimes  give  rise  to  transparent  dots  in  the  leaf  *. 

The  mesophyll  in  all  the  investigated  Crotoneae  (FrombUng)  contains  large 
crystal-idioblasts  with  suberized  walls ;    in  the  majority  of  the  Crotoneae  large 

'  Transparent  dots  in  the  leaf  in  the  Enphorbiaceae  are  also  caused  by  secretory  cells  and 
lacunae  (see  below),  and,  in  certain  spedes  of  Excoecaria  and  Euphorbia^  by  special  features  of  the 
mesophyll,  viz*  respiratory  cavities  on  the  upper  side  of  the  leaf,  and  the  meshes  in  the  network  ot 
veins  (Ra<Ukofer). 
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clustered  crystals  are  found  in  these  elements,  while  in  Crotonopsis,  Eremocarpus^ 
Croton  capitatus,  MuU.  Arg.  and  C.  monanthogynus^  Michx.  the  latter  contain  the 
sphaerites  mentioned  above.  In  the  Acalypheae  also,  as  far  as  can  be  gathered 
from  Rittershausen's  statements,  this  feature  is  not  rare,  being  found  for  example 
in  Ricinella,  in  which  Radlkofer  first  pointed  out  the  pellucid  dots  caused  by  ihe 
clustered  crystals.  According  to  my  own  observation  I  may  add  that  large  sacs, 
filled  with  sohtary  crystals,  are  present  in  the  palisade-parench3rma  of  Bridelia 
sHptdaris,  Bl.  (Tribe  Bridelieae). 

A  third  special  feature  presented  by  the  crystalline  elements  in  the  leaf 
is  the  occurrence  of  small  clustered  crystals  in  chambered  cells  of  the  palisade- 
tissue  ;  this  feature  is  recorded  by  Rittershausen  in  species  of  Alcharnea^ 
Cephalocroton  and  Hevea, 

Having  dealt  with  the  oxalate  of  lime  we  may  add  a  few  words  on  the 
occurrence  of  aystalloids,  crystals  of  abietinic  acid,  sphaerites  in  alcohol 
material  of  Euphorbias^  and  fatty  bodies.  Crystalloids  have  been  observed 
by  Fry  in  the  stem  of  Euphorbia  splendens^  where  they  occur  in  the  inner  cell- 
layers  of  the  primary  cortex,  and  also  in  the  leaf  (mainly  in  the  mesophyll 
above  the  vascular  bundles  of  the  veins) ;  beautiful  crystalloids  are  also  found 
in  the  latex  of  Jatropha  (see  p.  747).  Pax  mentions  the  occurrence  of  crystals 
having  the  shape  of  a  whetstone  and  consisting  of  abietinic  acid  in  the  cortical 
tissue  of  Euphorbia  splendens,  Sphaerites  are  met  with  in  alcohol  material 
in  the  tissues  of  the  (Jactus-like  Euphorbias,  e.g.  E,  Caput  Medusae,  and  have 
been  investigated  by  various  authors  (Leitgeb,  Kodier,  Schaarschmidt,  Hansen 
and  Belzung).  To  judge  from  a  microchemical  examination  carried  out  by 
Hansen,  they  consist  of  calcium  phosphate,  but  according  to  a  macrochemicaJ 
investigation  by  Belzimg,  they  are  composed  partly  of  calcium  malophos- 
phate,  and  partly  of  calcium  malate.  Fatty  bodies  are  present  in  the  mesophyll 
in  many  members  of  the  Order. 

The  secretory  elements  of  theEuphorbiaceae  require  a  detailed  description, 
especially  as  some  of  them  were  not  quite  correctly  *  interpreted  by  Pax  (in 
Engler,  Bot.  Jahrb.  1884,  and  Natiirl.  Pflanzenfam.).  The  following  types 
of  secretory  elements  are  found  in  the  Euphorbiaceae,  and  will  be  described 
in  order :  I.  Laticiferous  cells  ;  II.  Laticiferous  vessels ;  III.  Rows  of  latici- 
ferous  sacs  ;  IV.  Tannin-sacs  and  rows  of  tannin-cells  (*  gegliederte  Milchsaft- 
rohren '  and  *  gegliederte  Milchsaftschlauche  '  of  Pax) ;  V.  Elongated  secretory 
sacs  with  wide  lumina,  and  usually  with  brown  contents  ;  VI.  Secretory  cells  ; 
VII.  Secretory  lacunae  ;  VIII.  Mucilage-lacunae. 

I.  The  laticiferous  ceUs  are  connned  to  the  tribes  Crotoneae,  Acalypheae, 
Hippomaneae  and  Euphorbieae.  Amongst  the  Crotoneae  they  are  only  found 
in  some  of  the  species  of  Croton  *  (Frombling) ;   in  the  tribe  Acalypheae  only 

^  It  won  Id  be  out  of  place  here  to  enter  into  a  detailed  criticism  of  Pax*s  statements ;  two  points 
only  mav  be  shortly  referred  to.  The  elements  described  bv  Pax  as  laticiferous  vessels  (^  gegliederte 
Milchrohren *)  or  articulated  sacs  ('gegliederte  Schlanche^)  do  not  correspond  to  what  are  called 
laticiferous  vessels  ('  gegliederte  Milchrohren ')  in  the  plant-anatomy  of  the  present  day,  but  are  only 
rows  of  cells  with  distinct  transverse  walls  and  special  contents  (mostly  brown  and  tanniniferous) ;  more- 
over the  laticiferous  nature  of  these  contents  in  the  living  plant  has  not  yet  been  proved  either  by  Pax 
or  by  other  observers.  In  the  second  place  the  following  statement  on  p.  5  in  the  Natiirl.  Pflanzen- 
familien  is  only  partially  correct :  *  haufig  werden  die  Querwande  resorbiert  und  die  Milchrohren 
nehmem  in  hohem  Grade  das  Aussehen  ungegliederter  Schlauche  an,  so  bei  den  Jatropheae,  Manihoteae 
und  Crotoneae.*  This  is  shown  by  the  fact  that  laticiferous  vessels  are  only  known  in  Hevea  and 
Manihott  'w^iXit  Jatropha ^  Croton^  &c.,  possess  true  laticiferous  cells. — Similarly  in  view  of  the  wide 
distribution  and  general  use  of  MoUer's  book  on  the  anatomy  of  the  cortex  it  seems  advisable  to  refer 
to  the  partly  incorrect  terminology  of  the  secretory  organs  in  the  Euphorbiaceae  employed  in  this 
book  also.  The  laticiferous  cells  are  termed  laticiferous  canals  in  the  bast  of  Andira  brasilitnsis 
(  ^Johannesia  princeps\  secretory  sacs  in  the  cortex  oi Jatropha  Curcas,  and  laticiferous  sacs  in  the 
bast  of  Baloghia  lucida  ( =  Codiaeum  lucidum). 

*  Namely  Croton  atUnophy litis ^  Spreng.,  C.  agrarius^  MUU.  Arg.,  C  argyranthemus,  Michx., 
C.   Cajucara,  Benth.,  C.  Cascarilla,  Benn.,  C.  celtidifolius,  Baill.,  C.  chrysocladus,  MUU.  Arg., 
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in  the  genera  Aleurites,  Johannesta^  Macaranga  and  Packystroma  (but  according 
to  my  own  observations  not  in  Alchomea  and  MaUotus^  where  they  are  stated 
to  occur  by  Rittershausen) ;  in  the  Tribe  Hippomaneae  in  the  genera  Actino- 
siemon^  AtUnocline,  Adenopdtis^  Codiaeum^  Colliguaya^Dactyhsteman,  Excoecaria, 
Hippomane,  Hura^  Jairopha^  Mahea^  Maprounea^  Ostodes^  Paradenodine, 
SAasUania^  Senefeldera,  Stillingia  and  Tri^onostemon  (Herbert).  In  the  Tribe 
Euphorbieae  the  distribution  of  the  laticiferous  cells  has  been  Uttle  investi- 
gated, and  hitherto  these  elements  have  only  been  demonstrated  in  Euphorbia^ 
in  Mercurialis  and  Ricinus  (Hanstein),  and  Poinsettia  (Pirotta  and  Marcatili). 
Regarding  their  course  of  development,  Hanstein  and  Chauveaud  have  shown 
that  they  are  differentiated  at  a  very  early  stage  in  the  plane  of  the  cotyledonary 
node,  their  initial  cells  bein^  situated  in  the  outermost  cell-layer  of  the  central 
cylinder ;  the  initial  cells  either  compose  the  whole  of  this  layer,  or  they  are 
arranged  in  it  in  the  form  of  four  arcs  ;  in  Croton  a  second  ring  of  initial  cells 
is  found  in  the  middle  of  the  primary  cortex.  The  course  of  the  laticiferous 
tubes  in  the  mature  plant  is  as  follows :  in  the  axis  they  occur  in  the  pith  *, 
bast,  and  primary  cortex,  whilst  in  the  leaf  they  are  found  in  the  veins  and 
sometimes*  also  free  in  the  mesophyll.  The  laticiferous  tubes,  which  run 
freely  in  the  mesophyll,  sometimes  exhibit  a  very  striking  relation  to  the  assimila- 
tory  system  (Haberlandt),  and  not  uncommonly  extend  as  far  as  the  epidermis 
of  the  leaf.  The  wall  of  the  laticiferous  tubes  is  sometimes  (e.g.  in  the  fleshy 
Euphorbias)  exceptionally  thick,  and  is  often  provided  with  large  pits.  The 
thick  transverse  walls,  observed  by  De  Bary  and  Dippel  in  the  older  latici- 
ferous tubes  of  Euphorbia  Lathyris^  appear  to  be  secondary  formations.  The 
contents  are  generally  milky  in  the  living  plant ;  in  herbarium-material  they 
have  a  brown  or  grey  colour.  Dietz  has  shown  that  a  number  of  crystal- 
lizable  organic  substances  are  present  in  the  coagulated  latex  of  the  Euphorbias  ; 
the  latex  also  frequently  contains  tannin.  Treub  found  nuclei  in  the  latici- 
ferous tubes  of  the  Euphorbias,  The  following  special  substances  are  found 
in  the  contents  of  the  laticiferous  tubes  :  clustered  crystals  of  oxalate  of  lime 
(in  Hura  and  Mabea^  according  to  Herbert) ;  oystalloids  having  the  form  of 
tetragonal  flakes  with  rounded  corners  (in  Jairopha,  according  to  Tr6cul  and 
Herbert) ;  finally,  rod-  or  bone-shaped  starch-grains  (in  Euphorbia  splendens 
and  other  species,  and  also  in  Hura  crepitans^  Miill.  Arg.). 


C.  etiiato-giandulosus^  Ortega.  C.  comosus,  Miill.  Arg.,  C  CoHesianus,  H.  B.  K.,  CdisccI^,  Willd., 
C  exuberans,  Miiil.  Arg.,  C/Umens,  Miill.  Arg.,  C  Frionis,  Miill.  Aig.,  C./ruticulosus,  Miill.  Arg., 
C,  graeilipes,  Baill.,  C.  humilis,  L.,  C.  incertw,  Miill.  Arg.,  C.  Klotzschii,  MiilL  Arg.,  C.  IocAmo- 
<laaus,  Mart,  C  iifuari/plius,  Miill.  Arg.,  C.  linearis,  Jaca.,  C.  hbatust  Miill.  Arg.,  C  Lundianus, 


MtiU.  Arg.,  C,  morifolius^  Miill.  Arg.,  C  atiganifoiius,  Miill.  Arg.,  CpaUidus,  Miill.  Arg.,  C.  pana- 
mensisy  MOIL  Arg.,  C.  pcarainm,  Miill.  Arg.,  C.  paulintu,  MiUl.  Arg.,  Cjedicellatus,  H.  B.  K., 
C.  Pdhlianus,  Miill.  Arg.,  C.  pulegiodorus,  Baill..  C.  pungem,  MUll.  Arg.,  C.  rhamnifolius,  Miill. 
Axg.,  C  SagraeoHUSf  Miill.  Arg.,  C.  sclerccafyx,  Miill.  Arg.,  C.  sendvestiim,  Miill.  Arg.,  C.  Soliman, 
Cham,  ct  Schlecht.,  C.  sHpulaceus,  H.  B.  K.,  C.  subacutus,  Miill.  Arg.,  C  subviliosusy  Mull.  Arg., 
C.  tridentatust  Mart.,  C.  Urucurana,  BailL,  C,  Vauthierianus,  Bail!.,  C.  vepretorum,  MttU.  Arg., 
C.  fVilsonU,  Griaeb.,  C.  xalapensis,  H.  B.  K. 

^  The  laddferons  cells  are  never  found  solely  in  the  pith.  Rittershausen's  statements  regarding 
their  occorring  exclusively  in  the  pith  in  Alchorrua^  AUuriies  and  Mallotus  require  correction,  as 
shown  by  the  following  data  :  firstly,  in  Alchomea  (according  to  my  own  examination  of  A,  cordaia, 
Miill.  Arg.)  latidferous  tubes  are  not  present— elongated  secretory  sacs  may  possibly  be  present  in 
some  of  the  species  examined  by  Rittershausen,  and,  if  so,  were  incorrectly  interpreted  by  him ; 
secoDdly,  the  laticiferous  cells  of  AUuriUs  {A,  moiuccatta,  Willd.)  occur  not  only  in  the  pith,  but 
also  in  the  bast  and  primary  cortex ;  and  thirdly,  the  laticiferous  cells,  mentioned  b^  Rittershausen 
as  occurring  in  the  pith  of  Mallotus,  are  really  secretory  sacs  (see  under  V)  accordmg  to  my  own 
examination  of  Af.  orecphilus,  Miill.  Aig. 

*  According  to  Rittershausen,  amongst  the  Acalypheae  in  Pachystrofna  only;  according  to 
Fxombling,  in  almost  all  species  of  Croton ;  according  to  Herbert,  ouite  generally  in  the  Hippomaneae ; 
according  to  Marcatili  and  Pirotta,  in  Euphorbia  and  Poinsettta  (cf.  also  Haberlandt,  Groom  and 
Scott,  11.  cc.). 
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II.  The  laticiferous  vessels  are  only  found  in  two  genera,  viz.  Hevea  (well- 
known  caoutchouc-plants)  and  Manihot,  where  they  were  first  observed  by 
Scott,  Calvert  and  Boodle.    They  occur  chiefly  in  the  bast  of  the  vascular 


Fig.  i8o  (a).  A,  Crateriform  secretory  cell  of  Croton  monanthogynus^  Michz.  B,  Prrirorm  secretoiy  cell 
oi  JniocroUm /useeMtHs^  Baill.  C,  Secretory  cell  in  the  \eaS  oi  Croion  ertmophilus^  MQll.  Pix^.  D-P,  Stellate 
or  tufted  hairs  with  aecretonr  cells  at  their  base :  D,  Croton  subocuttUy  Mall.  Ar^. ;  b-p,  C  puUgriodoruSy^^aSiX. 
G-L,  Various  trichomes:  G,  C.  Mxubirans^  MQll.  Arg.;  h,  C,  agoettsU^  Baill. :  l^  juloeroton  fuscesuns^  BailL  ; 
K,  Croton  discolor,  W.;  u  C.  Jloi^bundus.  Spren?.  ic,  Patelliform  friand  of  C.  gfanduhsuSy  MGU.  Argf.,  section. 
N,  Glandular  margin  of  the  leaf  of  C.  refraduOjWiW.  Kx%.  in  section,  o,  Monilose  j^land  of  C,  dliato-giandti' 
losus,  Ort.  p-Q,  Stinjpng  hairs  of  Tragia  cUsotdes,  MQU.  Argr.  r-s,  Hairs  containing  clustered  ciystals,  from 
Ptukonotio.—A'-i},  G-H  and  M-o  after  Fr&mbling,  B-P,  l-K  and  p^  Original,  L  after  Bachmann,  R-S  after 
Rittcrshansen. 

bundles  in  the  axis  and  leaf ;  but  they  have  ako  been  met  with  in  the  primary 
cortex  in  Hevea  (Rittershausen),  and  at  the  margin  of  the  pith  and  in  the 
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primary  cortex  in  Manikot.  In  the  living  plant  their  contents  are  milky  in 
aevea^  of  the  nature  of  a  watery  sap  m  Manihoi.  Nudei  have  been 
demonstrated  in  the  laticiferons  tubes  of  iianihoL 


Pio.  180  (b). 


III.  The  rows  of  latidferous  sacs  are  confined  to  the  ^enus  Micrandra 
(Frombling).  The  cells  forming  these  rows  have  rather  wide  lumina,  show 
various  degrees  of  elongation,  and  in  herbarium-material  are  filled  with  granular 
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contents  having  a  grey  colour.  In  the  ajcis,  they  are  present  in  the  pith,  bast, 
and  primary  cortex,  while  in  the  leaf  they  run  independently  of  the  veins, 
being  free  in  the  mesophyll,  where  they  form  long  chains  of  cdk.  The  expres- 
sion '  rows  of  laticiferous  sacs '  is  justified  by  the  fact  that  the  species  of 
Micrandra  are  described  as  trees  vntii  latex,  and  that  other  secretory  organs 
are  not  present. 

IV.  Elements  very  widely  distributed  in  almost  all  the  Tribes  are  cells 
filled  with  brown,  tanninlferous  contents  (in  herbarium  material) ;  these 
elements  are  often  distinguished  from  the  adjoining  cells  by  the  size  of  their 
lumina,  or  by  their  ^[reater  elongation,  and  either  occur  smgly  or  united  in 
groups ;  they  are  chiefly  found  in  the  bast,  but  are  also  present  in  the  pith 
and  primary  cortex  of  the  branch.  Pax  terms  these  elements  articulated  sacs 
(geghederte  Schlauche),  articulated  laticiferous  sacs  (gegliederte  Milchsaft- 
scblkuche),  or  even  (inadmissibly)  articulated  laticiferous  tubes  (g^iederte 
Milchsaftrohren),  and  ascribes  great  systematic  importance  to  them  for  the 
subdivision  of  the  Euphorbiaceae  according  to  his  scheme  of  classification. 
According  to  more  recent  observers,  and  my  own  views  also.  Pax  has  certainly 
gone  too  far  in  this  respect.  The  elements  in  question  are  frequentlv  connected 
with  ordinary  tanninif erous  cells  by  transitionau  forms,  so  that  it  is  often  difficult 
to  decide  whether  the  tanniniferous  cells  of  a  given  plant  should  be  regarded 
as  Pax's  elements  or  not.  The  contents  of  these  elements,  at  any  rate  in 
herbarium-material,  give  no  more  assistance  than  does  their  shape  towards 
making  a  dear  diagnosis ;  moreover  not  a  single  case  has  hitherto  been 
recorded  in  which  the  contents  have  proved  to  be  characteristic  and  of  the 
nature  of  latex,  in  the  living  plant. 

V.  The  fifth  kind  of  secretory  organ  is  formed  by  elongated  sacs,  which 
mostly  have  wide  lumina,  and  are  generally  filled  with  brown  contents  in 
herbarium-material.  They  are  often  very  long,  and  are  then  easily  confounded 
with  laticiferous  cells,  unless  their  development  is  investigated,  especially  as 
the  laticiferous  cells  often  possess  similar  brown  contents.  In  order  that  such 
mistakes  may  be  avoided,  it  maybe  noted  that  the  secretory  sacs  usually  occur 
solely  in  the  pith,  while  this  is  never  the  case  with  the  laticiferous  cells,  and 
that  they  generally  have  a  larger  diameter  (reaching  gSfi)  than  the  latter. 
In  some  cases  (MaUottis  oreophuus,  Miill.  Arg.)  the  secretory  sacs  in  a  trans- 
verse section  of  the  branch  are  surrounded  by  a  ring  of  cells,  having  small 
lumina  and  resembling  an  epitheUum.  They  occur  in  the  pith,  and  sometimes 
also  in  the  bast,  pericyde,  and  primary  cortex.  They  have  been  observed  in 
species  of  Mallotus  and  Alchamea  (Tribe  Acalypheae),  and  species  of  Givotia^ 
Pausandra  and  Pogonophora  (Tribe  Hippomaneae,  according  to  Herbert). 

VI.  Secretory  cells,  viz.  idioblasts  with  oily  or  resinous  contents,  are  only 
known  to  occur  in  Ricinus,  and  in  the  genera  Croton,  Julocrotan,  Crotonopsis 
and  Eremocarpus  of  the  Crotoneae,  that  is  to  say  in  all  the  Eucrotoneae  (with 
the  exception  of  a  few  spedes  of  Croton^  belonging  to  the  section  Astraea). 
In  the  Eucrotoneae  they  frequently  give  rise  to  transparent  dots  in  the  leaf. 
The  secretory  cells  of  Ricinus  communis,  L.  are  large  cells  present  in  the  epider- 
mis on  both  sides  of  the  leaf,  and  penetrating  somewhat  into  the  mesophyll, 
whilst  only  a  small  portion  of  the  wall  of  these  cells  reaches  the  surface  of  the 
leaf ;  they  are  more  commonly  met  with  on  the  under  side  of  the  lamina,  where 
they  usually  have  an  elongated  shape ;  they  contain  a  secretion,  which  is 
yellowish-brown  in  the  dried  plant,  but  bright  and  strongly  refractive  in  the 
living  plant.  The  following  statements  may  be  made  regarding  the  secretory 
cells  of  the  Eucrotoneae.  They  are  absent  in  only  a  few  species  of  Croton 
belonging  to  the  section  Astraea  (C.  camosus,  Miill.  Arg.,  C.  Kloizsckiij  Miill. 
Arg.,  C.  lobatuSy  Miill.  Arg.  and  C.  paulinus,  livH.  Arg.) ;  a  further  peculiarity 
of  these  species  is  the  absence  of  the  intraxylary  soft  bast  characteristic  of  the 
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Eucrotoneae,  and  for  these  reasons  they  should  probably  be  excluded  from 
the  latter  Tribe.  In  herbarium-material  the  secretory  cells  of  the  Eucrotoneae 
have  bright-yellow  translucent,  oily  contents  readily  soluble  in  alcohol  and 
ether ;  their  walls  are  suberized ;  in  many  cases  they  emit  an  aromatic 
scent,  which  is  usually  agreeable,  and  is  recognizable  even  in  herbarium- 
material.  They  are  found  both  in  the  leaf  and  axis.  In  the  axis,  they  occur 
in  the  epidermis,  pith  and  primary  cortex,  and  also  in  the  bast ;  in  the  first 
three  tissues  they  are  mostly  spherical  in  shape,  while  the  secretory  cells  in  the 
phloem  are  elongated  and  tubular.  In  the  leaf,  they  are  found  in  the  epidermis 
and  mesophyll.  In  the  latter  tissue  they  have  a  spherical  or  long  oval  shape, 
according  as  they  belong  to  the  spongy  or  palisade-tissue.  The  epidermal 
secretory  cells  vary  greatly  in  shape,  and  according  to  FrombUng  the  following 
forms  may  be  distinguished  :  (i)  secretory  cells,  situated  on  a  level  with  the 
epidermis,  and  only  distinguished  from  the  rest  of  the  epidermal  cells  by  their 
spherical  shape  and  their  contents ;  (2)  secretory  cells  projecting  above  the 
epidermis  as  papillae,  but  again  possessing  a  completely  spherical  shape ; 
(3)  papillose  secretory  cells,  projecting  more  strongly,  and  either  crateriform 
(Fig.  180,  A)  or  pjrriform  (Fig.  180,  B) ;  (4)  depressed  secretory  cells,  lying  on 
a  lower  level  than  the  remaining  epidermal  cells  ;  only  a  small  portion  of  the 
wall  of  these  elements  reaches  the  surface  of  the  leaf,  and  thus  limits  part  of 
the  pit-like  depression  situated  above  the  secretory  cell ;  the  latter  has  a 
spherical  or  long  tubular  shape  and  penetrates  into  the  mesophyll  (Fig.  180,  C). 
Regarding  the  distribution  of  the  secretory  cells  in  the  tissues  of  the  leaf,  the 
following  points  remain  to  be  mentioned.  The  secretory  cells  are  found  in  the 
epidermis  of  the  leaf  *  in  all  species.  They  are  never  restricted  to  the  upper 
epidermis,  for  when  present  there  they  are  also  found  in  the  lower  epidermis. 
Iney  are  of  rare  occurrence  in  the  mesophyll  (CroUm  amabiUsj  MtiU.  Arg., 
C.  compressuSj  Lam.,  C.  corylifoUi4s,  Lam.,  C.  gratissimus^  Burch.,  C.  hemiar- 
gyreusj  Miill.  Arg.,  C.  Mubango^  MiUl.  Arg.  and  C.  retiadatus^  MiiD.  Arg.,  and 
also  JtdocYoton  fuscescens^  Baill.).  A  specially  noteworthy  feature  is  the 
presence  of  secretory  cells  in  the  epidermis  of  the  pedestals  of  the  stellate  and 
tufted  hairs  (Fig.  180,  D-F).  It  is  impossible  to  establish  a  definite  rule  regard- 
ing the  distribution  of  the  various  forms  of  epidermal  secretory  cells,  since 
different  types  are  frequently  present  side  by  side  in  the  same  plant.  According 
to  Frombling,  however,  tubular  secretory  cells  traversing  the  entire  thickness 
of  the  leaf,  and  those  of  crateriform  shape,  appear  to  be  characteristic  of  definite 
groups  of  species  ;  this  is  seen  to  be  the  case  if  the  list  of  species  *  enumerated 
for  this  purpose  in  the  foot-note  below  be  compared  with  the  classification 
given  by  Miiller  Arg.  It  may  be  added  that  the  crateriform  secretory  cells 
are  in  most  cases  (exception  Croion  astroiUs^  Miill.  Arg.)  found  only  on  the 


■  Frombling^s  statement  (on  p.  49  of  his  treatise)  that  in  Croton  reticulaius  secretory  cells  occur 
only  in  Uie  spongy  tissue  is  a  mistake,  which  may  be  corrected  here. 

*  The  folloiidng  species  possess  crateriform  secretory  cells :  Croton  agoensis^  Baill.,  C.  amainlis, 
Miill.  Arg.,  C.  astrmtes,  MiUl.  Arg.,  C,  betulinus,  Vahl,  C.  huxifolius.  Mull.  Arg.,  C.capitaius, 
Mull.  Arg.,  C.  Catinganus,  Mull.  Arg.,  C.  ceanothifoiius,  Baill.,  C,  cneorifolius.  Miill.  Arg.,  C,  corn- 
prtsms.  Lam.,  C.  Corchoropsis,  Baill.,  C,  fltfribunduSy  Spreng.,  C.  Gaudickaudi^  Baill.,  C.  gratissi- 
mus,  Burch.,  C.  hemiargjreus,  Miill.  Arg.,  C,  hnginervius,  Miill.  Arg.,  C.  mariiimus^  Walt.,  C. 
micans,  Miill.  Arg.,  C.  migrans,  Casar.,  C.  Mubango,  Miill.  Arg.,  C.  Paiamstigma,  Klotzsch, 
C.  tenellus,  Miill.  Arg.,  C.  verbenaefolitu,  MiUl.  Arg.,  C.  Widgrenianus,  Miill.  Arg. ;  Juhcroton 
argenUus,  Fr.  Didrichs.,  /.  fuscescens,  Baill.,  /.  stipularis,  Miill.  Arg.,  /.  triqueter,  Miill.  Arg. ; 
Eremocarpus  sttigerus,  Benth.  Elongated  secretory  cells,  which  traverse  a  portion,  or  often  Uie 
whole  of  the  mesophyll,  have  been  observed  in  Croton  Binthamianus,  Miill.  Arg.,  C.  Setulaster, 
Miill.  Arg.,  C,  cerimhdentatusy  Mull.  Arg.,  C,  dichotomns.  Mull.  Arg.,  C,  tremophUus,  Miill.  Arg., 
C.  ^inosuiy  Miill.  Arg.,  C.  grewiarfoltns,  Miill.  Arg.,  C.  Hjalmarsomiy  Griseb.,  C.  lucidus,  L., 
C.  Lundianus,  Miill.  Arg.,  C.  matottrensis.  Mail.  Arg.,  C.  muscicapa,  Miill.  Arg.,  C  oxyphyllus, 
Miill.  Arg.,  C.  selerocaiyx,  MiilU  Arg.,  C.  sincorensis,  Mart.,  C,  timandroides,  Miill.  Arg.,  C. 
virgu/tosus,  MtUl.  Arg. 
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lower  side  of  the  leaf,  and  only  in  species  the  leaves  of  which  bear  a  dense 
hairy  covering.  Regarding  the  general  distribution  of  the  forms  of  secretory 
cells  described  above  amongst  the  genera  of  the  Eucrotoneae,  the  following 
statements  may  be  taken  from  Frdmbling's  work.  In  Croton  all  the  different 
types  occur,  viz.  secretory  cells  in  the  mesophyll  (in  a  few  of  the  species,  see 
above),  and  the  various  forms  of  secretory  ceUs  found  in  the  epidermis ;  in 
Julocroton  there  are  secretory  cells  in  the  mesophyll  {Julocrotan  fuscescens^ 
BaiU.),  and  those  of  crateriform  shape  in  the  epidermis ;  in  Crotonopsis  the 
second  and  fourth  types  of  epidermal  secretory  cells  are  present ;  finally  in 
Eremocarpus^  crateriform  secretory  cells  only. 

VIL  The  secretory  lacunae,  observed  by  Herbert  in  almost  all  species 
of  the  two  genera  Cluytia  and  Gdonium  (exception  :  Cluytia  akUernoides, 
Miill.  Arg.)  belonging  to  the  Hippomaneae,  are  unique ;  they  frequently 
give  rise  to  well-marked  transparent  dots  in  the  leaf,  and  their  structure 
recalls  that  of  the  intercellular  secretory  receptacles  of  Derris,  Lonchocarpus 
and  other  Leguminosae.  The  spongy  tissue  of  the  two  genera  mentioned 
above  contains  rather  large  intercdlular  spaces,  filled  with  a  colourless, 
or  yellow,  or  brown  secretion,  and  surrounded  by  secretory  cells,  which  for 
the  most  part  have  a  serpentine  form.  Closed  intercellular  secretory  spaces, 
provided  with  an  epitheUum,  have  not  been  observed. 

VIII.  Mucilage-lacunae,  or  rather  groups  of  cells  with  mucila^ous  walls, 
were  first  met  with  by  Vesque  in  the  prinaary  cortex  of  Bischoffia  javanica, 
and  subsequently  by  Rothdauscher  in  other  Phyllantheae  also  (viz.  species  of 
Antidesffta^  Baccaurea,  Hieronyma^  Hymenocardia  and  Securinega),  and  by 
Rittershausen  in  Adriana  (Acalypheae). 

Having  described  the  secretory  organs,  we  may  now  deal  with  the  tri- 
chomes,  which  may  be  divided  into  three  groups:  I.  Clothing  hairs;  II.  External 
glands  ;  III.  Stinging  hairs  (including  the  hairs  containing  cliistered  crystals). 

I.  The  clothing  hairs  include  a  large  number  of  forms.  In  the  simplest 
case  they  are  unbranched  unicellular  or  uniseriate  structures.  A  type  of 
clothing  hairs  foimd  by  Rothdauscher  in  the  Phyllantheae  consisted  of  simple 
and  unicellular  or  septate  hairs,  the  latter  being  divided  by  a  few  walls ; 
according  to  my  own  investigation  Bridelia  stipiUaris,  Bl.  (Tribe  Bridelieae) 
possesses  uniseriate  trichomes ;  the  Crotoneae,  accordmg  to  Frombling,  have 
unicellular  hairs,  but  (excepting  species  of  Croton  belonging  to  the  section 
Astraea)  these  hairs  never  occur  alone,  but  are  always  accompanied  by  other 
more  complicated  trichomes  (stellate  and  tufted  hairs) ;  according  to  Ritters- 
hausen both  forms  of  hairs  are  widely  distributed  in  the  Acalypheae,  whilst 
unicellular  trichomes  are  present  in  Dalechampia  (Tribe  Dalechampieae) ; 
finally  Herbert  also  mentions  simple  unicellular,  or  rarely  uniseriate  trichomes 
as  occurring  in  the  Hippomaneae.  The  following  special  forms  of  the  simple 
clothing  hairs  are  noteworthy :  (a)  unicellular  two-armed  trichomes,  which 
have  thick  or  thin  walls,  and  have  narrow  lumina  in  the  former,  and  wider 
lumina  in  the  latter  case  ;  they  occur  in  the  genus  Argyrothamnia  (Acalypheae), 
and  in  the  genus  Pausandra  (Hippomaneae) ;  (b)  the  trichomes  of  Sarcoclinium^ 
which  are  quite  short,  and  have  rather  wide  lumina  and  thick  walls,  and  the 
trichomes  of  Coelodiscus^  which  are  likewise  very  short  and  have  thick  walls, 
and  are  mostly  bent  Uke  a  hook  at  the  apex ;  lastly  (c)  the  branched  multi- 
cellular trichomes  found  in  Phyllanihus  reticulaius^  Miill.  Arg.,  and  in  the  genus 
Mahea  (Hippomaneae).  The  trichomes  of  PhyUanthus  reticulatus  are  dichoto- 
mously  branched,  the  axis  and  branches  consisting  of  a  row  of  thin-walled  cells. 
The  branched  hairs  of  the  species  of  Mabea  are  shaped  like  antlers  ;  the  main 
axis  and  its  branches  are  formed  by  a  row  of  cells,  which  have  thick  walls  and 
narrow  luminj^  the  terminal  cells  of  the  branches  being  provided  with  narrow 
lateral  protrusions,  an  indication  of  branches  of  the  second  order.   The  following 
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types  of  clothing  hairs  exhibiting  a  more  complicated  structure  are  found  in 
this  Order :  (a)  tufted  and  stellate  hairs  with  transitions  to  peltate  hairs  (the 
former  in  the  Ridnocarpeae,  Phyllantheae,  Crotoneae,  Acalypheae  and  Hippo-^ 
maneae,  the  latter  in  certain  representatives  of  the  PhyUantheae,  Crotoneae, 
Acalypheae  and  in  the  doubtfm  genus  Aextoxicon^  which  is  referred  to  the 
Ettphorbiaceae  by  Bentham  and  Hooker) ;  (b)  simple  shaggy  hairs,  i.e.  bi«  or 
midtiseriate  trichomes  (in  representatives  of  the  PhyUantheae  and  Acal3rph6ae) ; 
and  (c)  candelabra-hairs  with  a  multiseriate  main  axis  (in  Croton^  Fig.  180,  it). 
We  majr  add  that  the  stellate^  tufted  and  peltate  hairs  are  often  seated  on 
multiseriate  stalks  of  varying  length. 

In  the  following  paragraphs  the  more  complicated  trichomes  will  be  described 
in  detail  under  the  inoividual  Tribes.  Amongst  the  Ricinocarpeae,  I  have  observed 
tufted  hairs  in  Ricinocarfms,  Beyeria  and  BeSrtya,  where  they  nil  the  furrows  of  the 
roBed  leaves.  The  ray-ceUs  in  this  case  are  either  sunk  in  the  epidermis  of  the 
leaf  or  are  seated  on  a  short,  multiseriate  stalk.  Stellate  hairs  are  also  mentioned 
by  systematists  as  occurring  in  the  genus  Beyeriopsis^  which  belongs  to  the  same 
Tribe. 

In  the  PhyUantheae,  clothing  hairs  of  complicated  structure  are  not  com- 
mon. According  to  Rothdauscher,  Andrachne  aspera^  Spreng.  possesses  uniseriate 
trichomes  with  a  short,  almost  spherical,  though  apparently  not  secretory,  terminal 
cell,  and,  accompanying  these,  similarly  constructed  shaggy  hairs,  which  are  bi- 
seriate  at  the  base,  but  either  b^me  uniseriate  above,  and  terminate  in  a  spherical 
cell,  or  fork  into  two  uniseriate  branches,  each  of  these  having  a  spherical 
terminal  cell.  Peltate  hairs  occur  in  the  genus  Hieronyma ;  the  shield  is  composed 
of  a  large  number  (up  to  36)  of  thick-walfed  ray-ceUs,  which  bend  downwards  near 
the  centre  of  the  shield,  and  thus  form  the  stalk,  the  latter  being  sunk  in  the  epi- 
dermis ;  the  peltate  hairs  of  the  genus  Hymenocardia  (which  is  likewise  described 
as  scaly)  are  bladder-like  and  glandular,  and  will  be  described  in  greater  detail 
amongst  the  external  glands.  Stellate  or  tufted  hairs  appear  to  be  very  rare 
among  the  PhyUantheae  ;  the  only  record  I  am  aware  of  is  a  statement  made  by 
MuUer  Arg.  in  DC.  Prodr.  on  the  rare  occurrence  of  stellate  hairs  in  the  genus 
Baccaurea. 

In  the  Crotoneae,  the  third  Tribe  to  be  considered,  the  forms  of  the  trichomes 
are  very  varied.  T3rpical  simple  hairs  are  extremely  rare  in  this  Tribe,  as  remarked 
above,  and  where  they  occur,  they  mostly  appear  as  rudimentary  forms  of  more 
complicated  trichomes  (Fig.  180,  (j).  Frombiing,  whose  description  I  foUow  here, 
divides  the  trichomes  having  a  more  complicated  structure  into  two  groups : 
(a)  hairs  with  a  distinctly  developed  central  ceU ;  and  (b)  hairs  without  a  central 
cell,  or  those  in  which  a  central  ceU,  though  originaUy  present,  is  not  recognizable 
in  the  mature  condition.  In  those  hairs,  which  have  a  distinctly  developed  central 
ceU,  the  latter  is  either  not  speciaUy  prominent,  or  forms  a  '  central  ray '  of  vari- 
able length  and  structure.  The  hairs  with  a  central  ceU  belong  either  to  the 
peltate  or  stellate  type ;  amongst  the  latter  FrdmbUng  only  indudes  those  tri- 
chomes in  which  the  rays  run  in  a  flat  or  funnel-shaped  plane,  and  are  only  connected 
with  one  another  basaUy.  Numerous  transitions  are  to  be  found  between  the 
stellate  and  peltate  hairs.  The  stalk  of  the  trichomes  in  question  is  short  or  of  some 
little  length,  and  consists  of  several  rows  of  ceUs  ;  not  uncommonly  the  component 
ceUs  are  suberized  at  a  certain  level  throughout  the  whole  thickness  of  the  stalk. 
According  to  O.  Bachmann  and  Radlkofer  the  occurrence  of  a  smaU  lower  scale 
is  speciaUy  characteristic  of  the  peltate  hairs  (Fig.  180,  L)  and  of  the  forms  of 
stellate  hairs  most  nearly  related  to  them ;  below  the  actual  shield  in  these  cases 
one  finds  a  second  centnd  layer  of  smaUer  ceUs,  which  are  mostly  provided  with 
large  pits.  The  composite  trichomes  with  no  central  ceU  are  divided  by  FrdmbUng 
into :  (a)  tufted  hairs,  in  which  the  ray-ceUs  are  directed  upwards,  and  are  usuaUy 
sunk  in  the  epidermis,  or  are  attached  to  a  more  or  less  elevated  portion  of  the 
latter,  Le.  to  a  kind  of  pedestal ;  (6)  stalked  star-shaped  hairs,  in  which  the  ray- 
ceUs  are  borne  on  a  stalk  (usuaUy  rather  long),  and  extend  irregularly  in  aU  direc- 
tions ;  finaUy,  {c)  candelabra-hairs  (Fig.  180,  K),  consisting  of  a  cyUndrical,  multi- 
seriate  main  axis,  some  of  the  superficial  cells  of  the  latter  being  produced  into 
rays,  which  are  often  arranged  in  tiers.  Between  these  three  forms  of  trichomes 
transitions  are  found.    Their  stalks  often  possess  suberized  cell-areas  like  those 
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in  the  stalks  of  the  peltate  and  stellate  hairs.    Epidermal  secretory  cdls  are  fre« 

ELtly  ^  present  in  the  pedestals  of  the  tufted,  star-shaped  and  candelabra-hairs 
1 80,  D-F),  In  many  species  of  the  Crotoneae  parenchymatous  or  pros- 
ymatous  sclerenchyma-ceUs  are  associated  with  all  the  forms  of  tiichomes 
mentioned  above  as  occurring  in  this  Tribe,  with  the  exception  of  the  candelabra- 
hsdrs ;  these  sclerench3rmatous  cells  belong  to  the  mesoph^l,  but  are  so  intimately 
cQimected  with  the  hairs  that  they  may  be  regarded  as  an  integral  part  of  the 
latter.  In  sessile  hairs  the  sclerenchyma-cells  immediatdty  adjoin  the  oase  of  the 
hair,  whilst  in  the  stalked  hairs  they  traverse  the  stalk.  'Die  precise  nature  of  the 
sclerenchyma-cells  varies  according  to  the  species.  In  the  simplest  case  they  are 
8li|;htly  sclerosed  cells  of  the  palisade-tissue  (e.g.  in  Croton  exuberans^  MulL  Arg. 
(Fig.  180,  G),  or  C.  chamaedryfMiAs^  Griseb.).  In  other  cases  (e.g.  C.  cuneaius, 
Klotzsch)  they  are  of  the  same  nature,  but  are  more  strongly  sclerosed.  In  C. 
atUisiphyliHcus,  MulL  Ar|^.,  for  example,  the  sclerenchyma-cdls  penetrate  further 
into  the  mesophyll  than  m  the  cases  mentioned  above ;  at  some  points  they  even 
traverse  nearly  uie  entire  thickness  of  the  spongy  tissue,  thus  coming  into  contact 
with  the  epidermis  on  the  other  side.  Not  uncommonly  the  groups  of  scleren- 
chymatous  fibres,  connected  with  two  tiichomes,  situated  opposite  one  another 
on  the  upper  and  lower  ade  of  the  leaf  respectively,  have  their  ends  dovetailed, 
so  that  they  unite  to  form  a  sclerenchymatous  column,  traversing  the  entire  thick- 
ness of  the  leaf  perpendicularly  (Fig.  180,  /).  It  remains  to  mention  the  case, 
iOustrated  for  exampe  by  C.  agoAisis^  BailL  (Fig.  180,  H),  in  which  the  sclerenchy- 
matous fibres,  connected  with  the  tiichome,  terminate  in  the  mesophyll  like  roots. 
Regarding  the  distribution  of  the  sclerenchyma-cells  in  question,  amongst  the 
Orotoneae  it  may  be  stated  that  they  have  been  observed  only  in  Croton  and  /u/o- 
croton;  for  further  details  the  reader  is  referred  to  the  foot-note'  and  to  I^m- 
bling's  statements.  To  conclude  the  subject  of  the  trichomes  of  complicated  type 
found  in  the  Crotoneae,  it  remains  to  mention  that  they  occur  in  all  the  genera  of 
this  Tribe  except  Micrandra,  but  that  peltate  hairs  have  been  met  with  m  CroUm 
and  Croionopsis  only,  and  candelabra-hairs  in  Croton  only. 

In  the  Acal3rpneae,  according  to  Rittershausen,  tufted,  stellate  and  p^tate 
hairs  are  present,  as  well  as  shaggy  hairs.  The  tufted  hairs  are  the  most  widely 
distributed  {Acalypha,  Alchomea^  Areyrothamnia^  Bemardia,  Cephalocroton,  Coe^ 
lodiscusy  Conceveiba^  Crozophora^  MaUotus  and  Pera),  They  generally  consist  of 
a  large  number  of  unicellular  trichomes,  which  are  sunk  side  by  side  in  the  epider- 
mis.   In  some  cases  {Crozophora,  MaUotus)  they  possess  multiseriate  stalks  of  var3ang 


*  Crotmi  agrmriuSf  Miill.  Arg.,  C.  Cascarilla,  Benn.,  C.  celttdifoHusy  Baill.,  C.  chrysodadus^ 
MiilL  Aig.,  C,  ciHato-glanduUsus,  Ortega,  C.  Cortuiatms,  H.  B.  K.,  C  discolor^  Willd.,  C.  fiavens, 
MulL  Arg.,  C.  Frionis,  Miill.  Arg.,  C.frtUiculosm^  Miill.  Arg.,  C.  graeiiipes,  BailL,  C.  kumilis,  L., 
C.  imertus,  MUll.  Arg.,  C.  lach$mladus^  Mart.,  C.  Imearis,  Jacq.,  C,  mar^oUus,  MiilL  Arg.,  C  ori- 
gunifoUuSf  MtilL  A^.,  Cpallidus^  MiilL  Arg.,  C  ptmtunemist  MiilL  Arg.,  CpataJtmis^  MiilL  Arg., 
C.  PokUanus,  Mull.  Arg.,  C,  pulegiodarus^  BailL,  C  pungem,  MiilL  ^.,  6\  rhamntfolius,  MiUI. 
Arg.,  C.  Sagraeanus,  MulL  Arg.,  C  semwestiius,  MiiU.  Arg.,  C.  SdUman,  Cham,  et  Schlecht., 
C,  stipulacius,  H.  B.  K.,  C.  subacutus,  Miill.  Arg.,  C.  tuMUosus,  Miill.  Arg.,  C,  Urucurana,  BailL, 
C.  VanUhieranus^  Baill.,  C  vepretorum^  MiilL  A^.,  C,  xalapemis,  H.  B.  K.  All  these  species  have 
laticiferons  cells  also  (see  p.  746,  footnote  a). 

'  In  the  following  enumeration  of  the  species  exhibiting  a  distinct  connexion  of  sclerenchyma 
with  the  trichomes,  the  words  '  column,'  ^  root-like*  and  *  palisade-cells,'  which  are  added  in  brackets, 
indicate  a  columnar  connexion  of  the  sclerenchvma  of  two  opposite  trichomes,  a  root-like  branching 
of  the  sclerenchyma  in  the  mesophyll,  or  a  paUsade-like  difllerentiatiQn  of  the  sclerenchvma  as  the 
case  may  be.  It  may  be  added  that  various  modes  of  differentiation  of  the  sclerenchyma  often 
occur  side  by  side  in  the  same  species.  The  species  having  sclerenchvma  connected  with  their 
trichomes  are  as  follows :  Croton  agoenm^  BailL  (root-like\  C  antistphyiiticust  MiilL  Aig.,  C 
argyrawtkemust  Michx.,  C.  asperrimuSf  Benth.  (palisade-oeUs),  C.  euiroittSf  Miill.  Aig.  (columns), 
C.  BnUkamianus^  MiilL  Arg.,  C.  betulinus^  Vahl  (root-like),  C,  BiUbergfanm.  MiilL  Arg.,  C.  topi- 
tatus,  MiilL  Arg.  (columns),  C,  caryophyllus^  Benth.,  C  Catingatms^  Mull.  A^.,  C,  catuSuus,  MulL 
Arg.,  C,  ceanMifolius,  BailL,  C.  ckaetocalyx^  Miill.  Arg.,  C»cneorifolius^  Mull.  Arg.,  C.  C9wtpressm^ 
Lam.  (columns),  C  Corckorepsisy  BailL  (root-like),  C.  cumatus,  ^otzsch,  C.  Jhribundm^  Spreng. 
(columns),  C,  gUmduhsus,  Miill.  Arg.  (paUsade-oells),  C,  graiissimMS^  Burch.  (palisade-cells),  C. 
/oMgtmrvias,  MulL  A^.  (root-like),  C.  maritimus,  Walt.,  C.  micans^  MiilL  Arg.,  C.  migrans, 
Casar.,  C.  momaUhogynus,  Mlchx.  (columns),  C.  Muban^o^  Miill.  Arg.  (palisade-cells),  C.  Poland 
stigma^  Klotzsch,  C.  ptdictllatusy  H.  B.  K.,  C  tenelJus,  MUll.  Arg. ;  Juiocrotm  argenteus,  Fr. 
jyidnx^,  J, fusciseens,  Baill.,y.  stiptilaris,  Miill.  Arg.,/,  triqueter^  Miill.  Arg.  (columns  in  all  four 
species). 
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length.  In  some  species  of  Alchornea  the  tufted  hairs  graduate  into  stellate  hairs 
by  the  spreading  out  of  the  ray-cells  in  a  plane  paralld  to  the  epidermis.  In  the 
stellate  hairs  of  Aleurites  the  ray-cells  have  thin  walls  and  wide  lumina»  and  are 
oancrescent  for  half  their  length.  Peltate  hairs  are  described  by  Baillon'as  occurring 
in  Crozophora  (on  the  ovary  only),  and  by  O.  Bachmann  in  species  of  Homonoya 
and  Pera.  The  peltate  hairs  of  Homonoya  have  a  f our-ceO^  basal  plate,  and 
a  shield  of  narrow  thin-walled  ray-cells,  winch  are  united  so  as  to  form  a  cup ;  the 
peltate  hairs  of  Pera  are  characterized  by  the  presence  of  a  small  lower  scale. 
Shaggy  hairs  graduating  into  spines  have  been  met  with  in  Caperonia,  The  follow- 
ing types  of  hairs  require  furtner  investigation :  the  stellate  hairy  covecing  found 
in  the  ^;enera  Adriana,  Epiprinus,  Manniophyion^  NeobotUonia,  Symphyuia  and 
Sumhavia^  and  the  scales  of  Crotonogynet  Leucocroton  and  Pseudocroton  (see  Muller 
Arg.  in  DC.  Prodr.,  and  Bentham  and  Hooker,  Gen.  plant.). 

In  the  Hippomaneae,  as  in  the  Phyllantheae,  the  trichomes  of  the  type  with 
which  we  are  dealing  are  not  common.  Herbert  records  stellate  hadrs  with  a  multi- 
seriate  stalk  and  many  rays  in  only  one  species  each  of  Givoiia  and  TrigonosUmon^ 
whilst  a  stellate  hairy  covering  is  mentioned  by  systematists  as  occurring  in  the 
genera  Endospermum,  Paracroion  and  Ricinoaendron  as  welL  O.  Bachmann's 
statement  that  peltate  hairs  occur  in  Pausandra  is  incorrect.  The  trichomes 
which  Herbert  met  with  in  Jatropha  urens^  L.,  must  be  classed  as  shaggy  hairs. 
They  consist  of  (a)  a  multiseriate,  columnar  pedestal,  which  becomes  slightly  nar- 
rower  upwards,  and  apparently  encloses  an  intercellular  canal,  and  (b)  a  rod-shaped 
terminal  cell  with  thin  walls. — ^In  connexion  with  the  Phyllantheae  it  may  be  men- 
tioned that  the  peltate  hairs  of  the  anomalous  genus  Aextoxicum  possess  a  small 
lower  scale. 

II.  Ordinary  glandular  hairs  are  not  very  common  amongst  the  Euphor* 
biaceae.  In  the  Ridnocarpeae  small  glandular  hairs  are  found  in  nertya 
gummifera,  Miill.  Arg.  and  Beyeria  viscosay  MiiU.  Arg. ;  they  are  composed 
of  a  short,  unicellular  stalk  and  a  spherical  unicellular  head,  and  in  both  cases 
give  rise  to  a  considerable  deposit  of  secretion  on  the  surface  of  the  leaf ;  besides 
these,  club-shaped  glands,  consisting  of  a  row  of  cells,  also  occur  in  the  fturows  on 
the  leaves  of  Bertya  gummifera.  Amongst  the  Phyllantheae,  only  glandular, 
vesicular  scales,  sunk  in  sniall  pits  in  the  epidermis,  have  been  recorded  (in 
Hymenocardia).  The  shield  is  composed  of  radially  arranged  cells,  and  the 
secretion  collects  beneath  the  cuticle.  In  the  Crotoneae  glandular  hairs  may  be 
said  to  be  present  only  in  so  far  as  one  may  thus  describe  the  epidermal  secretory 
cells  projecting  like  papillae  and  mentioned  above.  Amongst  the  Acalypheae 
glandular  hairs  are  represented  in  somewhat  greater  abundance.  External 
glands  of  var3nng  size,  and  having  a  uni-  or  biseriate  stalk  of  varied  lengthy 
and  a  spherical  or  ovad  head  of  few  or  many  cells,  have  been  shown  to  occur 
in  species  of  Acalypha^  CephalocroUmy  CnesmonCj  RidnMa  and  Tragia,  In 
Caperonia  there  are  long-stalked  glandular  shaggy  hairs,  which  are  visible 
to  the  naked  eye ;  the  ellipsoidal  head  encloses  clustered  crystals,  and  is 
sheathed  by  a  secretory  epidermis  composed  of  a  few  elongated  prismatic 
cells.  The  genera  Coccoceras,  Cododiscus^  Macaranga  and  MaUotus  have  large 
spherical  external  glands,  which  are  sunk  in  the  siirface  of  the  leaf,  and  have 
the  structure  of  the  well-known  Kamala,  derived  from  MaUotus  phUippinensis^ 
i.e.  they  exhibit  abundant  formation  of  secretion  beneath  the  cuticle.  Amongst 
the  Hippomaneae,  glandular  hairs  have  only  been  observed  in  Acidocroton 
-addioides,  Griseb.  They  are  small  structures  sunk  in  the  surface  of  the  leaf, 
and  consist  of  a  stalk-cdl  and  a  head,  the  latter  being  divided  by  vertical  walls 
arranged  crosswise ;  the  four  cells  of  the  head  project  slightly  as  papillae. 

Glandular  organs  of  a  different  type  are  much  commoner  among  the 
Euphorbiaceae  than  the  glandular  hairs  described  above,  namely  rather  large 
external  glands  (nectaries),  which  are  visible  to  the  naked  eye,  and  have  already 
occupied  the  attention  of  systematists  (Baillon,  MiiUer  Arg.,  Bentham  and 
Hooker  *).    Firstly  they  occur  at  the  base  of  the  petiole,  where  two  or  more  of 

^  See  also  Delpino,  Mem.  Accad.  Bologna,  1888,  p.  30  et  seq. 
3C2 
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them  are  situated.  Not  uncommonly^  however,  they  replace  the  stipules,  or  in 
certain  species  they  surmount  them,  the  stipules  in  this  case  being  laciniate 
and  filamentous  (e.g.  in  Crotan  cUiojUhdandulosuSj  Ort^.  or  Jatrapha  mulH- 
fida,  L.).  In  other  cases  they  are  found  at  the  base  of  the  lamina,  sometimes 
occurring  on  a  special  lobe  of  the  latter.  Occasionally  they  are  shifted  higher 
up  on  the  lamina,  two  or  more  of  them  being  present  on  the  lower  side  of  the 
leaf ;  they  are  rarely  met  with  on  the  upper  side,  but  frequently  occur  on 
the  leaf-teeth.  For  details  of  their  distribution  reference  must  be  made  to 
the  monograph  of  Miiller  Arg. 

The  anatoniical  structure  of  these  large  glands  has  hitherto  been  little  investi- 
gated ;  the  chief  work  is  that  of  Fr5mbling  on  the  Crotoneae.  This  author  classifies 
the  glands  as  pateUiform  and  moruloae.  The  shape  of  the  pjatelliform  glands 
{CroSrn^  Fig.  i8o,  M)  recalls  that  of  the  perithecium  of  the  Discomycetes ;  the 
glands  may  be  either  stalked  or  sessile.  The  epidermis  of  the  lower  arched  portion 
has  sderenchymatous  walls,  and  the  superficial  cells  of  the  somewhat  raised  margin 
of  the  upper  disc-shaped  portion  have  a  similar  structure.  The  discoid,  d^ressed 
surface  of  the  g[land  is  formed  by  an  epidermis,  differentiated  like  a  palisade,  and 
having  a  subcuticular  deposit  of  secretion  ;  beneath  this  is  a  second  layer  of  palisade- 
cells  with  thicker  walls,  followed  by  spongy  tissue  with  cells  contaming  clustered 
crystals,  and  surrounding  the  termination  of  a  vein.  The  pateUiform  glands  on 
the  upper  side  of  the  leaf  of  Micrandra  bracieosa,  Benth.  have  an  analogous  structure, 
but  do  not  project  as  hairs.  The  glandular  margin  of  the  leaf  in  Crotan  r efr actus ^ 
MulL  Arg.  (Fig.  i8o,  N)  may  be  regarded  as  a  transition  to  the  morulose  glands ; 
in  C.  refracti4s  the  margin  of  the  leaf  is  composed  solely  of  a  prominent  arched  group 
of  epidermal  ceUs,  elongated  like  a  palisade.  In  other  cases,  where  the  curvature 
of  the  surface  of  the  gland  is  greater,  spongy  tissue,  or  even  the  termination  of 
a  vascular  bundle,  enters  into  the  composition  of  the  glandular  body,  which  thus 
becomes  club-shaped  ;  in  this  way  we  obtain  morulose  glands  (Fig.  i8o,  O),  which 
are  either  sessile  or  possess  a  multiseriate  stalk  traveiied  by  a  vascular  bundle. 
The  secretion  of  these  glands  is  often  considerable  and  lasting ;  in  some  cases 
however  the  glands  are  only  functional  during  the  early  stages  of  the  organs  on 
which  they  occur. 

Morini  examined  the  nectaries  of  Ricinus  communis,  L.,  Croxophora  tinctoria,  L. 
and  Homalanthus  populifolia,  Reinw. ;  a  secretory  palisade-like  epidermis  is  found 
in  these  species  also. 

III.  Stinging  hairs  have  been  observed  in  the  genera  Cnesmone^  Lepto- 
rhachis  and  Tragia  (Acal3q>heae),  in  Dalechampia  and  in  Jatrapha.  According  to 
Rittershausen  the  stinging  hairs  in  these  three  genera  of  the  Acalypheae  and 
in  DalechanMa  have  a  very  characteristic  type  of  structure,  first  noticed  by 
Criiger  in  Tragia,  and  subsequently  by  Kom  and  Stahl.  In  their  simplest 
form  (Fig.  i8o,  F)  they  consist  of  a  simple  unicellular  hair,  which  frequently 
exhibits  a  ventricose  basal  enlargement,  whilst  the  upper  pointed  portion 
contains  a  subulate  crystal  of  oxalate  of  lime  attached  to  the  wall  of  tne  hair 
by  strands  of  cellulose ;  the  upper  end  of  the  crystal  is  sharply  pointed,  and 
the  lower  end  is  somewhat  enlarged,  while  the  very  base  is  provided  with  two 
or  three  small  rounded  teeth.  These  simple  stinging  hairs  are  accompanied 
by  others  of  more  complicated  structure  (Fig.  i8o,  Q)  and  consisting  of  two 
parts,  viz.  (a)  a  fairly  long  pedestal,  composed  of  five  contiguous  cells,  of  which 
one  lies  in  the  middle,  and  differs  from  the  four  peripheral  cells  in  having  thin 
walls  and  possibly  containing  a  secretion ;  and  {b)  a  terminal  cell,  having  its 
basal  wall  pitted,  and  its  enture  length  occupied  by  a  crystal  showing  the  same 
structure  and  the  same  mode  of  attachment  as  m  the  simple  stinging  hairs. 
The  stinging  hairs  of  Jatrapha  urenSy  Miill.  Arg.,  &c.,  agree  in  structure  with 
the  well-known  hairs  in  the  nettle.  They  are  unicellular,  conical  trichomes, 
about  4  mm.  in  length,  and  are  surrounded  basally  by  a  multicellular  pedestal, 
the  upper  part  of  which  is  differentiated  like  a  cupule.  At  the  apex  of  the 
hair  there  is  a  head,  which  is  seated  obliquely  on  the  end  of  the  trichome ; 
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the  head  drops  off  readily  owing  to  the  presence  of  a  thin  area  on  the  concave 
side,  and  a  thickened  area  on  the  convex  side  of  the  wall  just  below  the  head. 

As  structures  allied  to  the  stinging  hairs  we  may  now  describe  the  hairs 
containing  clustered  crystals  (which  were  observed  by  Rittershausen  in  Plidie* 
netia  and  FragaHopsis)  and  similar  trichomes,  wmch  no  doubt  constitute 
a  protection  against  herbivorous  animals.  The  hairs  containing  clustered 
crystals  (Fi^.  180,  R-^)  are  epidermal  cells,  which  are  differentiated  as  papillae 
or  short  hairs,  and  contain  a  clustered  crystal  of  oxalate  of  lime ;  the  ktter 
fills  the  lumen  of  the  hair,  its  few  (3-6)  ix>inted  spines  being  all  directed  out- 
wards, and  enclosed  by  the  extremdy  thin  outer  wall  in  such  a  way  that  the 
entire  structure  assumes  the  appearance  of  a  stellate  hair ;  beneath  the  cell 
containing  the  clustered  crystal  tiiere  is  usually  a  narrow  cell,  which  penetrates 
to  a  considerable  depth  in  the  mesophyll;  this  cell  possibly  contains  an 
irritant  substance.  Transitions  to  such  hairs,  containin|;  clustered  crystals, 
occur  in  other  Acalypheae.  Caperonia  and  Argyrothamnia  possess  epidfermal 
cells  containing  clustered  crystals,  and  having  thin  outer  walls,  wmch  pro- 
ject somewhat  externally ;  in  Acalypha  and  ClaoxyUm  epidermal  cells,  which 
(NToject  as  hemispherical  structures,  and  are  filled  with  a  sphaerite  of  oxalate 
of  lune,  have  been  observed  in  the  leaf  and  axis. 

3.  Structure  of  the  Axis.  The  structural  features  of  the  axis  are  not 
very  uniform,  as  is  to  be  expected  in  so  large  an  Order. 

The  vascular  bundles  generally  have  a  simple,  collateral  structure.  The 
following  genera  possess  intraxylary  phloem :  amongst  the  Eucrotoneae,  the 
genera  CroUm^  CroUmopsis^  Eremocarpus  and  Julocrotan^  with  the  exception 
of  a  few  species  of  Crotan^  which  belong  to  the  section  Astraea^  and  are  peculiar 
in  other  respects  also  (C.  comosus^  MiiU.  Arg.,  C.  Klotzschii^  MiiU.  Arg.,  C.  lobaiuSy 
Hull.  Arg.  and  C.  Patdinus,  MiiU.  Arg.) ;  amongst  the  Acalypheae,  the  genera  * 
Alchornea,  Concevetba^  Pera  and  MaUotus  integrifolius,  Miill.  Arg.  (but  not 
other  species  of  MaUotus) ;  and  amongst  the  Hippomaneae,  the  genera  Dactykh 
stemon,  Mahea^  Senefeldera^  as  well  as  some  of  the  species  of  Sebastiania '. 

Some  of  the  Euphorbiaceous  lianes  exhibit  normal  structure  even  in  thick 
stems  (species  of  Bridelia,  Croton^  DaUchampia^  Omphalea^  Phyllanthus  and 
Tragia,  according  to  Criiger  and  H.  Schenck).  Anomalous  structure  is  only 
known  in  Dalechampia  and  FragariopsiSy  where  it  was  discovered  by  H.  Schenck. 
In  both  genera  (Dalechampia  ficifolia.  Lam.  in  branches  1-5  cm.  thick,  Fragari- 
opsis  mofUana^  Taub.  and  F.  scandens^  St.  Hil.)  the  anomaly  consists  in  the 
appearance  of  secondary  strands  of  wood  and  bast  in  the  pericyde,  whilst  in 
Dalechampia  there  is  the  additional  anomaly  of  the  development  of  interxylary 
pUoem.  The  latter  has  been  demonstrated  not  only  in  Z>.  ficifolioy  but  also 
in  D.  Leandfij  Baill.,  Z>.  pentaphylla^  Lam.  and  £>.  triphylla^  Lam.  It  is  enclosed 
in  bands  of  thin-walled  parenchjona,  which  are  concentrically  arranged,  and 
is  given  off  by  the  cambium  internally.  It  may  be  added  that  medullary 
vascular  bundles  have  been  met  with  in  Ricinus  (Sachs,  Dutailly). 

The  following  points  may  be  mentioned  regarding  the  structure  of  the 
wood.  The  medullary  rays  are  in  most  cases  narrow ;  broader  rays  are  found 
in  species  of  Aporosa^  Dalechampia  and  Phyllanthus.  The  mode  of  arrange- 
ment of  the  vessels  and  the  size  of  their  lumina  vary  (maximum  diameter  in 
Phyllanthus  reUculatus^  Miill.  Arg.  =  -2  mm.,  in  Hemicydia  sepiaria^  Wight  et 
Am.  =  •014  mm.).  The  perforations  of  the  vessels  may  be  either  exclusively 
simple,  or  both  simple  and  scalariform,  or  scalariform  only,  in  one  and  the 
same  species.    The  bordered  pits  on  the  walls  of  the  vessels  are  sometimes 


*  Pax*t  statement  regarding  the  occurrence  of  internal  soft  bast  in  all  the  species  of  Ma/Uttu  and 
in  Aleuriies  is  incorrect. 

'  See  Herbert,  loc  cit.  p.  49. 
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of  considerable  sue  (diameter  of  border » -004  mm.  in  Crotan  pedicellatus^ 
H.  B.  K.,  and  '007  mm«  in  Jairopha  divancaia^  Sw.).  Scalarifonn  bordered 
pits  are  occasionally  {PhyllatUhus)  present  on  the  common  wall  of  two  con- 
tiguous vessels.  In  contact  with  parenchyma  of  the  medullary  raj^  the  walls  of 
the  vessels  either  bear  bordered  pits  only,  or  bordered  accompanied  by  simple 
pits,  the  latter  being  sometimes  of  large  size.  The  following  paragraphs  give 
a  synopsis  of  the  distribution  of  the  perforations,  and  of  the  structure  of  the 
vessel-wall  in  contact  with  parenchyma  in  the  individual  genera. 

Perforations :  I,  Simple  perforations  only  are  present  in :  Caletieae  :  Caleiia. — 
Ricinocarpeae :  Beyeria^  Ktcinocarpus, — Ampereae :  Amperea. — Phyllantheae  : 
AcUphiia  pro  parte,  Amanoa^  Andrachne^  Antidesma  pro  parte,  Breynia^  Disco^ 
carf!us,  Hymenocardia  pro  parte,  Lachnostylis^  MelafUhesopsis^  PetalosHgma,  Phyl^ 
lanthuSf  Sauropus  pro  parte,  Savia,  Securinega  pro  parte. — Crotoneae. — ^Acal3rpheae  : 
Acalypha^  Adriana^  AUuriteSt  Argyrothamnia^  Bemardia^  Caperonia^  Cephcuocroton, 
Claoxyhn,  Cleidian^  Coccoceras,  Coeiodiscus^  Conceveiba,  Crosophara,  Hamonoya, 
Tohannesiat  Macaranga,  Pera^  Plukenetia,  RicineUa^  Ricinus,  Symphyllia^  Tragia^ 
Tfswia. — ^Hippomaneae :  ahnost  aU  genera,  except  those  given  in  II  and  III. — 
Dalechampieae :  Dalechampia. — Euphorbieae  :  Euphorbia^  Pedilanthus. — ^Gen. 
anomaL  :  Lophopyxis, — II.  Scalariiorm  perforations  only  in :  PhyUantheae : 
AcUphiia  pro  parte,  Aparosa  pro  parte,  Baccaurea^  CyclosUmon  pro  parte,  Hemd-^ 
cycltap  Pufranpva, — Hippomaneae :  Microdesmis  ;  Aexioxicum, — III.  Both  scalari- 
fonn and  simple  perforations  have  been  observed  in  :  Phyllantheae  :  Actephila  pro 
parte,  Antidesma  pro  parte,  Aparosa  pro  parte,  Bischoffla^  CyclosUmon  pro  parte, 
DrypeUSt  Hievonyma^  Hymenocardia  pro  parte,  Richeria,  Sauropus  pro  piurte,  Savia 
pro  parte. — Acalypheae :  Agrosiistachys^  Alchomea^  Cnesmone,  Hevea^  Lepiorkachis^ 
MaliotuSf  MercunaliSf  Pachystroma,  Sarcoclinium, — Hippomaneae:  Adenocline, 
BenneHa,  Hura,  Manihoi^  OstodeSy  Paradenocline,  Pausanara,  Pogonophora. 

Pitting  of  the  vessel-wall  in  contact  with  parenchyma:  I.  Bordered  pits 
only :  Caletieae :  Caletia, — Ampereae :  Amperea. — ^PhyUantheae :  in  most  cases, 
excepting  those  genera  quoted  under  II. — Crotoneae  (see  II). — Acalypheae :  Agro- 
stistachys^  Argyrothamnia,  Caperonia^  Crosophora^  Mercurialis  (accordmg  to  Ritters- 
hausen,  p.  102),  Sarcoclinium. — Hippomaneae :  Acidocroton,  AciinosUmon^  Adeno- 
peltiSf  Bennetia^  CoUiguayat  Excoecaria^  Gelonium,  GivoHa^  Hippomane,  Mabea  pro 
parte,  Microdesmis^  Pausandra,  Sebasliania,  Senefeldera^  Siillingta,  TrigonosUmon, — 
ll.  Simple  pits  often  of  large  size,  sometimes  accompanied  by  bordered  pits  and  by 
transitional  forms  between  both  kinds  of  pits :  Ricinocarpeae :  Ricinocarpus. — 
Phyllantheae :  Antidesma,  Aporosa,  Baccaurea,  Bischoffia,  Hieronyma,  Hymeno- 
cardia, Richeria,  Securinega. — ^Bridelieae  :  Bridelia. — Crotoneae :  sometimes  smaU 
(never  large)  simple  pits. — Acal3rpheae :  Acalypha,  Adriana,  Alchomea,  AleuriUs 
(according  to  Rittershausen,  p.  46),  Bemardia,  Cephalocroion,  Claoxylon,  Cleidion, 
Cnesmone,  Coccoceras,  Coelodiscus,  Conceveiba,  Hevea,  Homonoya,  Johannesia, 
Leptorhachis,  Macaranga,  Malloius,  Pachystroma,  Pera,  Plukenetia,  Ricinella, 
Ridnus,  Symphyllia,  Trapa,  Trewia. — Hippomaneae:  Carumbium,  Chaetocarpus, 
Cluytia,  Codiaeum,  DactyfosUmon,  Erismanthus,  Hura,  Jairopha,  Mabea  pro  parte, 
Manihot,  Maprounea,  Ostodes,  Pogonophora. — Dalechampieae  :    Dalechampia, 

The  wood-parenchjona  is  generally  scantily  developed.    It  is  found  in 

S 'eater  quantity  amongst  the  Phyllantheae  in  species  of  Amanoa,  Aporosa, 
accaurea,  Cydostemon^  Drypetes,  Memicyclia,  Lachnostylis,  Richeria,  Sauropus 
and  Savia ;  also  in  Ridnus  (Acalypheae) ;  and  in  Adenocline,  Givotia^  Hip- 
pomane,Paradenocline  zndPogonophora  (Hippomaneae).  The  wood-prosenchyma 
may  have  either  thick  or  thin  walls ;  in  the  former  case  it  is  sometimes  provided 
with  a  gelatinous  layer,  while  in  the  latter  case  it  is  occasionally  septate.  The 
pits  of  the  prosenchyma  are  generally  simple.  Wood-prosenchjona  with 
bordered  pits  has  only  been  demonstrated  ih  certain  genera  of  the  Tribes 
Caletieae,  Phyllantheae  and  Hippomaneae. 

Septation  of  the  wood-prosenchyma  has  been  observed  in:  Phyllantheae: 
AcUphtla,  Andrachney  Antidesma,  Bischoffia,  Discocarpus,  Hieronyma^  Hymeno* 
cardia,  Sauropus. — BrideUeae  :   BnrfWia.— Acalypheae  :  Acalypha. 
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The  f oUowing  genera  have  wood-prosenchyma  with  simple  pits :  Ricinocarpeae : 
Beyeria,  Ricinoa^pus  (very  small  bordered  pits  as  well). — Pnyllantheae :  AcUphUa^, 
Amanoa,  Andrachne  pro  parte,  Antidesma^  Baccaurea,  BischoMa,  Breynia^  Disco* 
carpus^  Drypetes,  Hemicyclia^  Hym&nocardiat  Lachnostylis,  Melanthesapsis^  Petalfh' 
stigma^  Phyuanthus^  Richeria^  Sauropus,  Savia,  Securinega. — Bridelieae :  Bridelia.—^ 
Crotoneae. — Acalypheae  :  Acaiypha^  Adriana^  AgrosHstachys,  Alchomea,  AUuriUSp 
Argyrothamnia,  Bemardia,  Caperonia^  Cephalocroton,  Claoxylan,  CoccoceraSt  Coehdis- 
cus,  Crojtophora,  Hivea^  Honumoya^  Johannesia^  Leptarhachis,  Macarangat  MaUotus^ 
Pachystroma^  Pera,  PlukensHat  RicineUa^  Ricinus^  Sarcodinium^  SymphyUia,  Tragia. 
— ^Hippomaneae :  Acidocroion^  AcHnastemon,  Canmbium,  Chaetocarpus  pro  parted 
ErismatUhus,  Excoecaria^  GivoHa^  Hippomane^  Hura^  Mabea,  Pofodenociine^  Pogono* 
phora^  SebasHaniaf  Sansfeldera^  Trigonostemon, — Dalechampieae :  Dalechampta.—' 
Enphorfaieae :  Euphorbia,  Pedilanthus.—<iea.  anomaL  :  Lophopyxis, 

Wood-prosenchyma  with  bordered  pits  is  present  in  the  following  0enera : 
Caletieae:  CaUHa, — ^Phyllantheae :  Hteronytna^  most  species  of  Andrachne^ 
Aporosa  sphatrocarpa,  WaiSL  An;. — ^Hippomaneae :  Adenoaine^  Adenopeltis,  Ben* 
netia^  Chaetocarpus  pro  parte,  Codiaeum,  CoUiguaya^  Cluytia  (indistinct),  Dacfylo* 
stemoHf  Gelonium,  Jatropha,  Manihoi  (narrow  borders),  Maprounea^  MicrodesmiSp 
OstodeSy  Pausandra,  SttUingia. — Acal3rpheae :  Conceveiba  (according  to  Bitters- 
hausen,  p.  67). 

The  following  genera  have  wood-prosenchyma  with  both  simple  and  bordered 
pits  :  Ampereae  :  Amperea. — Phyllantheae :  Cyclostemon. — Acalypheae :  Chidion^ 
Cnestnone,  Mercurialise  Trewia, 

Those  structural  features  in  the  cortex  which  are  common  to  the  Order 
were  mentioned  in  the  general  diagnosis.  The  development  of  cork  takes  place 
in  the  outermost  cell-layer  of  the  primary  cortex  in  a  large  number  of  genersi, 
belonging  to  the  Tribes  Ricinocarpeae^  Phyllantheae,  Bridelieae,  Crotoneae, 
Acalypheae,  Hippomaneae  and  Dalechampieae  (see  the  special  papers).  In 
AcUphila  the  cork  develops  in  the  epidemtiis ;  while  in  Baccaurea,  Andrachne 
Roemeriana,  Miill.  Arg.  (but  not  the  other  species  of  Andrachne)  and  Amperea 
spartioideSy  Bron^.  the  cork  is  produced  at  a  considerable  depth  in  the  primary 
cortex.  Tlie  varied  structure  of  the  cork-cells  can  only  be  referred  to ;  the 
cells  may  be  flat  or  provided  with  wide  lumina,  they  may  have  thick  or  thin 
walls,  and  may  be  sclerosed  on  one  side  or  on  all  sides.  The  outer  portion  of 
the  primary  cortex  is  frequently  collenchymatous,  and  often  contams  stone- 
cells  (e.g.  in  special  abundaiice  in  Aporosa  and  Hemicyclia) ;  according  to  Pax 
the  stone-cells  in  Hyaenanche  and  Richeria  are  distinguished  by  being  strongly 
elongated  in  the  vertical  direction.  Other  points  requiring  special  mention 
are :  (a)  the  occurrence  of  an  apparently  phellodermal  rin^  of  stone-cells  in 
Johannesia ;  (b)  the  presence  of  a  ring  of  stone-cells  in  the  mnermost  part  of 
the  primary  cortex  and  in  contact  with  the  primary  hard  bast  in  Pogonophora ; 
and  (c)  the  peculiar  cortical  collenchjrma  found  in  species  of  Pera  having 
its  small  intercellular  spaces  filled  with  a  peculiar,  doubly  refractive 
substance  (Rittershausen).  In  most  cases  the  pericyde  is  formed  by  isolated 
groups  of  bast-fibres,  which  in  young  branches  frequently  unite  to  form  a  ring, 
or  by  a  continuous  and  composite  sclerenchjonatous  ring.  In  Hura  there 
is  a  broad  parenchymatous  pericycle  with  abundant  tannin,  situated  on  the 
inner  side  of  the  sclerenchyma-ring.  The  bast-fibres  of  the  pericycle  are  in 
many  cases  distinguished  by  an  exceptionally  well-marked  stratification  of 
their  walls,  which  are  either  white  or  yellow.  In  some  cases  (in  Amperea 
spartioidesy  Brongn.  and  probably  also  in  a  number  of  the  herbaceous  Euphor* 
biaceae)  the  sclerenchymatous  pericycle  is  entirely  wanting. 

A  composite  and  completely  or  nearly  completely  continuous  ring  of  scleren* 
chyma  is  stated  to  occur  m :  Phyllantheae :  Amanoa,  Aporosa  pro  parte,  Cyclo* 
stemon^  Drypeies^  Hemicyclia^  Hieronyma  pro  parte. — Acalypheae:  Alchornea  pro 
parte,  Cletdion,  Conceveiba^  Hevea,  Homonoya,  Macaranga  pro  parte,  Pera^  Sytn- 
phyllia, — Hippomaneae:   AcHnostemon  pro  parte,  Chaetocarpus  pro  parte,  Cluytia 
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(slightly  interrupted),  1>octyiest$$nan^  OiMiiiii*,  MvLjnvmmm. 
tiania  pro  parte  and  SsnefMera  (in  G^omhtm  mad  SmufMtr^^  the  ring  of 
chyma  is  composed  of  stone-cells,  and  at  its  o«ter  mn^  the  groups  of  primaiy 
bast-fibres  are  situated). — An  interrupted  and  composite  n&g  of  sderenchyma  occurs 
in:  Phyllantheae:  Actephila^  Aporosa  pro  parte,  DiscoewpuSy  Hymenoeardiu^ 
fiiefonyma  pro  parte,  Lachnostylis. 

It  ha3  already  been  pointed  out  cm  p.  739  that  typical  stratification  of 
the  bast  into  hard  and  soft  bast  appears  to  be  of  rare  occurrence  (Briddia 
^^idaris^  Bl.).  In  many  members  of  the  Order,  belonging  to  the  various 
Tnbes  one  finds  small  groups  of  bast-fibres  or  isolated  bast-fibres,  the  latter 
sometimes  exhibiting  a  reticulate  arrangement  in  transverse  section.  The 
bast-fibres  found  in  the  secondary  bast  resemble  those  of  the  pericyde  in  fre- 
quently possessing  well-marked  stratification  of  their  waDs.  Two  specially 
noteworthy  features  may  be  mentioned  :  the  bast  in  Sectmnega  Addothamnus^ 
Miill.  Arg.  shows  sclerosis  of  the  parenchyma  lying  between  the  groups  of 
secondary  bast-fibres,  so  that  a  composite  and  continuous  sderenchymatous 
ring  is  formed ;  and  the  bast  in  the  species  of  RicineUa  (according  to  Radlkof er's 
verbal  statements)  is  distinguished  by  the  fact  that  the  innermost,  annular 
portion  has  a  characteristic  reddish-brown  or  brown  colour  owing  to  the  pre- 
sence of  a  secretion.  The  crystals  found  in  the  bast  (mostly  solitary  or  clus- 
tered crystals)  are  contained  in  chambered  fibres. 

The  cells  of  the  pith  may  or  may  not  be  lignified.  Stone-cells  are  not 
uncommonly  present  in  the  pith.  In  tluytia  akUernoides^  Miill.  Arg.,  the  cells 
of  the  pith  are  specially  characterized  by  the  curious  fact  that  their  transverse 
walls  are  provided  with  large,  circular  or  elliptical  perforations  at  the  points 
of  junction  with  the  vertical  walls. 

Hoarding  the  features  presented  by  the  aystals  and  secretory  organs  in 
the  axis,  see  above,  pp.  744  and  746  et  seq. 

DAPHNIPHYLLACEAE. 

At  this  point  we  may  briefly  deal  with  the  anatomical  features  of  the  genus 
DaphniphyUum,  which  was  raised  to  the  rank  of  a  separate  Order  by  Muller  Arg. 
on  account  of  its  small  embryo,  but  is  included  amount  the  Phyllantheae  by  Ben- 
tham  and  Hooker.  I  have  examined  the  leaf  and  axis  of  D,  laurinum.  Bail!.,  and 
the  leaf  of  D.  glaucescens,  Bl.  There  are  no  special  anatomical  characters  separating 
the  genus  DaphniphyUum  from  the  Euphorbiaceae.  The  characteristic  features 
in  the  structure  of  the  axis,  viz.  the  scalariform  perforations  of  the  vessels,  and  the 
bordered  pitting  of  the  wood-prosenchyma,  are  also  found  in  the  Euphorbiaceae ; 
the  same  appUes  to  the  special  structural  features  of  the  leaf,  viz.  the  presence  of 
subsidiary  cells  placed  parallel  to  the  pore  of  the  guard-cells,  and  the  occurrence 
of  small  cells,  containing  clustered  crystals,  in  both  the  upper  and  lower  epidermis. 
Trichomes  and  secretory  elements  are  not  present.  The  septation  of  the  pith  (with- 
out sclerosis)  in  the  tivo  species  mentionea  above  is  specially  noteworthy. 

The  following  statements  may  be  added  regarding  the  structure  of  the  axis 
and  leaf.  The  wood  possesses  narrow,  uni-  to  triseriate  medullary  rays,  the  cells  of 
which  are  somewhat  elongated  in  the  vertical  direction.  The  vessels  of  the  wood 
have  small  lumina  (diameter  reaching  036  mm.),  perforations  with  very  numer- 
ous bars,  and  bordered  pitting  (especially  scalariform  bordered  pits)  in  cootact  with 
parenchyma  of  the  medullary  rays.  The  wood-parenchyma  is  only  scantily  de- 
veloped. Isolated  groups  of  sclerenchymatous  fibres  are  present  at  the  outer  limit 
of  the  bast.  Clustered  crystals  occur  in  the  bast  and  in  uie  primary  cortex.  The 
leaves  of  the  two  species  mentioned  above  have  bifacial  structure.  The  stomata 
are  found  only  on  the  lower  side  of  the  leaf.  The  vascular  bundles  of  the  veins  are 
accompanied  by  sclerenchyma.  In  D.  glaticescens  the  epidermis  on  the  lower  side 
of  the  leaf  shows  papiUose  differentiation. 
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The  f oUowing  statements  are  based  on  my  own  examination  of  the  axis  and 
leaf  in  Simmondsia  califomica^  Nutt.  (described  as  Brocchia  glauca  in  my  '  Holz- 
struktur  ')»  Sarcococca  pruni/ormis,  Lindl.»  Buxus  sempervirens,  L.  and  Pachysandra 
procwnbens,  l^chx. 

As  characters  common  to  the  whole  group,  we  may  point  out  that  the  wood- 
prosenchyma  invariably  bears  bordered  pits,  the  vessels  always  have  bordered  pits 
on  the  walls  in  contact  with  parenchyma,  the  stomata  are  never  provided  with 
parallel  subsidiary  cells,  and  external  glands  are  absent.  The  perforations  of  the 
vessels  are  usually  scalariform  only,  but  are  simple  in  Simmonasia.  The  place  of 
orisin  of  the  cork  varies  ;  in  Buxus  it  is  subepiaermal,  whilst  in  Simmondsia  the 
o&A  arises  in  the  parenchymatous  pericyde,  immediately  internal  to  the  pericydic 
groups  of  sclerenchymatous  fibres.  Oxalate  of  lime  is  excreted  in  the  form  of 
clustered  crystals,  ordinary  or  styloid-like  solitary  crjrstals,  or  as  civstal-sand. 
Internal  secretory  organs  are  only  present  in  the  form  of  secretory  ceUs  {Pachy- 
sandra^ Simmondsia),  and  never  show  typical  differentiation.  The  following  features 
require  special  mention:  the  anomalous  structure  of  the  axis  in  the  monotypic  genus 
Simmondsia  (appearance  of  successive  lings  of  growth),  and  the  corticsu  vascular 
bundles  in  Buxus  sempervirens. 

Regarding  the  structure  of  the  leaf  in  the  species  mentioned  above,  the  following 
facts  may  be  added.  The  leaf  is  bifacial  in  Buxus,  Pachysandra  and  Sarcococca, 
whilst  in  Simmondsia  the  entire  mesophyll  consists  of  pahsade-tissue.  The  species 
exhibiting  bifacial  structure  have  stomata  only  on  the  lower  side  of  the  lesa ;  in 
Simmondsia,  on  the  other  hand,  they  are  equally  distributed  on  both  surfaces.  The 
stomata  of  Simmondsia  are  somewhat  depressed,  and  have  no  subsidiary  cells. 
In  the  remaining  genera  the  guard-cells  are  surrounded  by  a  rosette  of  more  or  less 
distinct  subsidiary  cells.  Buxus  sempervirens  is  distinguished  by  the  specially 
strong  development  of  crests  on  the  guard-cells.  The  epidermis  in  the  leaf  of 
Simmondsia  snows  some  noteworthy  characters :  its  cells  nave  a  small  polygonal 
outline  in  surface-view,  whilst  in  a  transverse  section  of  the  leaf  they  have  the 
shape  of  paUsade-cells,  but  with  a  conical  tapering  of  the  cell-lumen  towards  the 
upper  sid^,  and  a  thick  outer  wall.  Sclerenchyma  may  {Buxus,  Simmondsia)  or  may 
not  {Pachysandra)  accompany  the  vascular  bundles  of  the  veins.  In  the  leaves  of 
Buxus,  Pachysandra  and  Sarcococca  I  found  no  oxalate  of  lime,  whUe  in  Simmondsia 
1  observed  that  it  occurred  abundantly  in  the  peripheral  portions  of  the  leaf  in  the 
form  at  clustered  crystals,  and  in  the  middle  region  in  the  form  of  soUtary  crystals, 
some  of  which  were  differentiated  like  styloids.  In  the  dried  leaf  of  Simmondsiatbe 
palisade-parench3rma  contains  relatively  large  cells,  filled  with  a  yellowish  secretion, 
which  at  once  acquires  a  brown  colour  with  Eau  de  Javelle,  owing  to  the  presence 
of  tannin.  Trichomes  have  been  observed  on  the  leaves  of  Pachysandra  and  Sim- 
mondsia. The  hairs  of  Pachysandra  are  simple,  have  pointed  ends,  and  consist 
of  from  two  to  three  ceUs ;  those  of  Simmondsia  are  likewise  uniseriate,  but  are 
composed  of  a  larger  number  of  cells,  which  have  thick  walls,  and  mostly  exhibit 
a  certain  amount  of  articulation,  whilst  the  last  one  or  two  cells  are  relatively  short 
and  have  thin  walls  (glandular  ?). 

In  the  structure  of  the  axis  the  anomaly  presented  by  Simmondsia  calif  ornica 
first  requires  a  somewhat  detailed  description.  Even  branches  from  herbarium 
material  show  successive  rings  of  growth ;  these  are  arranged  concentrically,  and 
are  separated  from  one  another  by  narrow  rings  of  lignified  parenchyma  (con- 
junctive tissue).  The  soft  bast  in  the  individual  vascular  rings  does  not  form  a 
continuous  annular  zone,  but  consists  of  isolated  groups  arranged  in  concentric 
series,  with  parenchymatous  conjunctive  tissue  penetrating  between  the  groups. 
The  secondary  rings  of  bundles  arise  in  the  parenchymatous  portion  of  the  peri- 
cycle,  internal  to  tne  pericychc  groups  of  sclerenchymatous  fibres. 

A  transverse  section  of  the  wood  in  the  Buxaceae  shows  narrow  medullary 
rays,  one  or  two,  rarely  three  cells  in  breadth.  The  vessels  are  generally  isolated, 
and  their  diameter  is  not  great  (015-03  mm.).  The  bordered  pits  on  the  vessels 
are  smaU  in  B%€xus  and  Simmondsia,  but  relatively  large  in  Pachysandra  and 
Sarcococca.  Bordered  pits  are  also  found  on  those  walls  of  the  vessels  which 
are  in  contact  with  tissue  of  the  medullary  rays.  .  The  scalariform  perforations 
have  rather  numerous  bars  (30  or  more)  in  Pachysandra,  Sarcococca,  and  in  Buxus 
subcolumnaris,  MuU.  Arg.,  which  belongs  to  the  section  Tricera  ;    the  bars  are 
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less  numerous  (not  exceeding  15)  in  the  investigated  species  of  Buxus  belonging 
to  the  section  Euimxus  {B.  baleartca^  Vfilid.,  B,  japomca^  MulL  Arg.»  B.  semper^ 
virens^  L.  and  B,  WaUichiana^  Baill.) ;  Simtnondsia  has  simple  perforations  only. 
The  size  of  the  bordered  pits  on  the  wood-prosenchyma  agrees  vdtb  that  of  the  pits 
on  the  vessds.  Spiral  thickening  is  found  on  the  walls  of  the  vessels  in  Simmonasia 
and  on  the  walls  of  the  wood-prosenchyma  in  Pachysandra.  The  wood-paren- 
chyma is  in  most  cases  scantily  developed,  being  somewhat  more  abundant  in  Buxus 
only.-— Turning  now  to  the  structure  of  the  cortex,  we  must  first  refer  to  the  cor- 
tical vascular  Bundles  of  Buxus  sempervirens,  which  were  mentioned  above.  Whether 
they  are  present  in  other  species  of  this  genus  remains  to  be  determined.  They  are 
found  singly  in  the  four  comers  of  the  branches,  and  according  to  J.  £.  Weiss  each 
bundle  is  a  leaf-trace,  which  ends  blindly  in  the  primary  cortex.  In  Pachysandra 
procumbens  the  primary  cortex  includes  groups  of  sderenchymatous  cells,  which 
are  either  sclerosed  on  all  sides  or  on  one  side  only  ;  the  sclerenchyma-cdls  of  the 
latter  type  enclose  soUtary  crystals  of  oxalate  of  hme.  In  Simtnondsia^  Sarcococca 
and  Pachysandra  the  bast  is  limited  towards  the  primary  cortex  by  groups  of 
sclerenchymatous  fibres,  but  these  are  not  present  in  Buxus  sempervirens.  1  have 
also  observed  isolated  sclerenchymatous  fibres  in  the  secondary  bast  in  Sarcococca, 
The  mode  of  development  of  the  cork  has  already  been  mentioned  above.  Secretory 
elements  have  been  met  with  in  the  primary  cortex  of  Pachysandra  procumbens 
(herbarium-material),  where  they  occur  in  the  form  of  secretory  cells  arranged  in 
longitudinal  rows.  Oxalate  of  lime  is  found  in  the  axis  of  Simmondsia  in  the  form  of 
clustered  crystals ;  in  Pachysandra  the  pith  and  primary  cortex  contain  crystal-sand, 
and  the  primary  cortex  has  solitary  crystals  as  well ;  m  Buxus  sempervirens  solitary 
crystals  and  small  crystalline  granules  are  found  in  the  bast,  occurring  side  by  side 
in  the  same  cells  ;  in  Sarcococca  pruniformis  oxalate  of  lime  is  not  present. 

Liieraiure  :  Crtiger,  in  Bot  Zeit.  1855,  p.  618  et  aeq.  and  Tab.  viii. — Baillon,  £l  g^n.  du  groope 
des  Euph.,  Paris,  1858,  pp.  230-40. — Hanstein,  Milchsaftgef.  etc.,  Berlin,  1864,  pp.  zip  76  etc.  and 
Tab.  X. — Dippel,  Milcbsaftgef.,  Rotterdam,  1865.— Tr^cul,  Lactidferes  etc.  dans  les  Eaph.  etc., 
Compt.  rend.,  t.  Iz,  1865,  p.  1349  ^t  seq.,  also  Adansonia  vii,  pp.  1 59-64. ~ A.  Weiss,  Pflanzenhaare, 
1867,  p.  464.— David,  Milchz.  d.  Enph.  etc,  Breslau,  1872,  pp.  18-38. — Vesqae,  in  Ann.  sc  nat, 
sir.  6,  t.  ii,  1875,  p.  130.— J.  MoUer,  Holzanat,  Denkschr.  Wiener  Akad.  1876,  pp.  93-4  and  38a— 
Keinke,  Sdcretionsorg.,  Pringsbeiro  Jahrb.,  Bd.  x,  1876,  pp.  164-7. — De  Bary,  Vergl.  AnaL,  1877, 
especially  p.  205  and  452  et  seq.— Schmalhausen,  Milcbsaftbeb.,  Mto.  Acad.  imp.  de  sc  de  St. 
petersbourg,  scr.  7,  t.  xxiv,  n.  2,  1877,  pp.  4-17  and  Tab.  i-ii. — ^Dntailly,  Apparit.  Urd.  d*diments 
nouv.  dans  les  tiges  etc/Fh^,  Paris,  1879,  p.  56  et  seq.  and  pi.  iii. — Zacharias,  in  Bot.  Zeit.  1879, 
p.  625. — [E.  Scnmtdt,  Et.  comp.  des  forces  etc.  de  qn.  Enpborbes  exot  etc.,  Paris,  1880,  68  pp. 
and  6  pLj — Trenb,  in  Arch,  ntoland.,  t.  xv,  1880. — Scbaarschmidt,  Spharokr.  der  Enph.  etc, 
Magyar  novenyt.  Lapok  1881,  p.  134,  Hungarian ;  abstr.  in  Bot.  Centralbf.  1882,  i,  p.  46,  and  Jnst 
1882,  i,  p.  4i2.^Dietz,  MilcLsaft,  insbes.  d.  Euph.,  M.  Tod.  Akad.  £rtekez^sek  a  Term.  tad. 
koribol.  xti,  1882,  k.  8  sz.,  23  pp.,  2  Tab.,  Hnngarian;  abttr.  in  Bot  Centralbl.  1883,  iv,  p.  133 
et  seq. — Moller,  Kindenanat.,  1882,  pp.  295-303.— Petersen,  Bicoll.  Gefassb.,  Engler,  Bot.  Jahrb., 
Bd.  iii,  1882,  p.  380.— Schullems,  Milchs.  von  Euphorbia  Lathvris,  Abb.  bot  Ver.  Prov.  Branden- 
burg, Bd.  xxTi,  1882,  p.  27.— Haberlandt,  Phys.  Anat  d.  MUcbr.,  Sitz.-Ber.  Wiener  Akad.,  Bd. 


Ixxxvii,  Abt  1, 1883,  pp.  51-69  and  2  Tab.— J.  E.  Weiss,  Markst  Gefassbundelsyst,  Bot  Centralbl. 
1883,  iii,  p.  ^11  and  Tab.  i.— Scott,  Latidf.  tissne  of  Mamhot  GUaiemi^  Laticif.  tissue  of  Hivea 
Spructana^  The  quarterly  Joum.  of  microsc  sc,  vol.  xxiy,  1884,  pp.  i93-2o6.-~Pax,  Anat  d.  Euph. 


etc.,  Engler,  Bot.  Tahrb.,  Bd.  v,  1884,  pp.  384-421  and  Tab.  vi-vii. — Dingier,  Flachsprosse,  i. 
PhylUtntkuSy  Munchen,  1885,  p.  29  et  seq.— Mentoyich,  Mark,  Klausenbnrg,  1885,  Hungarian;  abstr. 
tn  Just  1885,  i>  P*  787.— Scott,  ArticuL  laticif.  vessels  in  Hevea,  Joum.  Linn.  Soc,  vol.  xxi,  1885,  pp. 
566-5 73.--Solereder,  Holzstr.,  1885,  pp.  236-41.— O.  Bachmann^  Schildh.,  Flora  1886,  sep.  copy, 
PP*  5-13  >u>d  Tab.  vii.— Haberlandt,  Brennhaaie,  Sitz.-Ber.  Wiener  Akad.,  Bd.  xciii,  Abt  i,  1886. 
p.  123  et  seq.  and  Tab. — Morini,  Nett  eitrannz.,  Mem.  Accad.  Bologna  1886,  pp.  343, 346  and  347, 
UY.  i-ii.— PirotU  e  Marcatili,  Vasi  laticiferi  ed  il  sist  assimil.,  Annuario  K.  1st  bot  di  Roma  1886, 
n.  2  ;  abstr.  in  Jnst  1886,  i,  p.  922  and  Bot.  Centralbl.  1886,  ii,  pp.  212-13.— Radlkofer,  Dmchs. 
Pnnkte  anf  Blatteni,  Sitz..Ber.  Munch.  Akad.  1886,  pp.  330-8.— Volkens,  Aegypt-arab.  Wiiste,  1887, 
p.  143.— Calvert  and  Boodle,  Laticif.  tissne  in  the  pith  of  Manikat  etc.,  Ann.  otbot.,  toL  i,  1887,  pp. 
55-62  and  pi.  V. — Stahl,  Pfl.  u.  Schnecken,  Tena,  1880,  p.  70.— Hansen,  Sphaerokr.,  Arb.  Wiirxburger 
Inst.,  Bd.  iii,  1888,  p.  93  et  seq.- Groom,  Laticif.  tubes,  Ann.  of  bot,  vol.  iii,  1889,  PP*  i^i*3  ^^ 
pi.  xi. — Kohl,  Kalks.  u.  Kiesels.,  1889,  p.  164 ;  here  cited  Johow,  in  Sitz.-Ber.  neiderrbetn.  Gesellsch. 
f.  Natur-  u.  Heilknnde,  4.  Juni  1888.— Leitgeb,  Sphiirite,  Mitt.  bot.  Inst.  Graz,  Heft  2, 1888.— Ross, 
Tess.  ass.  e  periderma,  Nuov.  Giom.  bot.,  vol.  xxi,  1880,  pp.  236-7. — Scott,  Laticif.  tissue  in  the 
leaf,  Ann.  of  bot,  vol.  iii,  1880,  pp.  445-6. — Lalanne,  iWlIes  persist,  Act.  Soc  Linn.  Bordeaux, 
s^r.  5,  t.  iy,  1890,  p.  tfl  and  pt  iii.— Pax,  in  Naturl.  Pflanzenfam.,  iU.  Teil,  Abt  5,  1890,  pp.  3-5 
et  seq.— Rodier,  Spheroeristaux,  M^m.  Soc  sc  phys.  et  nat  de  Bordeaux  1890.— Chauveaud,  App. 
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lact.  des  £nph«  etc.,  Aim.  ic.  nat.,  s^r.  7,  t.  xiy,  1891,  p.  35  tad  ia8  ct  seq.  and  pi.  1-6. — Fry, 
Aggr^.  of  proteid  in  the  cells  oiEufkorbia  sfUndtns,  Ann,  qI  bot,  vol.  ▼,  i8j>i,  pp.  415-18  «n<i 
pi.  zxiT.— Benecke,  Nebenz.  d.  Spaltottn.,  Bot  Zeit.  i8(^a,  pp.  fS^-^i  and  Tab.  viii.— Kitt^shanien, 
Anat-syst.  Untera.  yon  Bl.  o.  Axe  d.  Acalynheen,  Diss.,  Eriangen,  189a,  123  pp.  and  i  Tab.— 
Bekung,  Sph^rocristanx  des  Enph.  cactif.,  Journ.  de  bot.  t.  yii,  1893,  p.  aai  and  a6i  et  se(). — 
H.  Sctoick,  Anat  d.  Lianen,  1893,  po.  143-7  and  Tab.  viiL — Engler,  Icacineae,  Sitz.-Ber.  Berliner 
Akad.  1893,  pp.  365-6  and  Tab.  {£^fMvxis}.^Hethslt,  Markstr.,  Bot  Centralbl.  1894,  i,  pp.  338-9. 
— Fidmbling,  Anat.-8yst  Unteis.  yon  BL  u.  Axe  d.  Crotoneen  u.  EnphyUantheen,  Diss.,  Munchen, 

1896,  76  pp.  and  3  Tab. ;  sep.  copy  from  Bot  Centralbl.  1896. — Rothdaoscher,  Anat.-syst  Unters. 
yon  BL  n.  Axe  der  Fhyllantheen  etc..  Diss.,  Miinchen,  1896,  89  pp. ;  sep.  copy  from  Bot  Centralbl. 
1896.— Wittlin,  Kalkoxalattasch.,  Bot.  Centralbl.  1896,  iii,  p.  68.---Wanning,  Fenilles  de  X Euphorbia 
bmxifoUa,  Danske  VkL  Selsk.  Oversigt  1896;  abstr.  in  Bot  Centr^bl.  1897,  il,  p.  379.— Herbert, 
Anat.  Unters.  v.  Bl.  n.  Axe  d.  Hippomaneen,  Diss.,  Miinchen,  1897, 6a  pp.>-Reiche,  Chilen.  Holzpfl., 
Jahrb.  £  wias.  Bot.,  Bd.  xxx,  1897,  p.  9a — Kuhia,  Pheiloderm,  Bot  Centralbl.  1897,  iii,  p.  190. — 
Moller,  Ugnnm  Aloes,  Pharm.  Post  1897.^ Warming.  Halofyt  Stnd.,  K.  Danske  Vid.  Selsk.  Skr. 

1897,  pp.  190,  33 1  and  aaa. — [Chanyeand,  Caract  anat.  des  Buphorbia  Peplus  etc.,  Journ.  de  bot. 
1897,  p.  534. — ^Ponlaen,  loc.  cit.] 

BALANOPSEAE. 

There  are  scarcely  any  statements '  in  the  literature  regarding  the  anatomy 
of  this  small  Order,  which  consists  of  the  single  genus  Balanops,  and  is  regarded 
as  a  Tribe  of  the  Cupuliferae  by  Baillon.  ine  following  remarks  are  based  on 
my  own  examination  of  fragments  of  certain  of  Bsdansa's  type-specimens 
kindly  sent  to  me  by  Prof,  l^ban  (axis  and  leaf  of  Balanops  BdansaCj  Baill. 
and  B.  microstachya^  Baill.,  and  leaf  of  B.  Pancheriy  Baill.  and  B.  VieUlardi, 
Baill.).  The  following  features  are  characteristic  of  the  ^enus  :  vessels  with 
extremely  small  lumina,  and  scalariform  perforations  having  numerous  bars  ; 
a  composite  and  continuous  ring  of  sclerenchyma  at  the  outer  margin  of  the 
bast ;  superficial  development  of  cork ;  excretion  of  oxalate  of  lime  in  the 
form  of  clustered  and  soUtary  crystals ;   and  the  absence  of  trichomes. 

The  smooth  leathery  leaves  have  bifacial  structure.  The  epidermis  of  the 
leaf  is  distinguished  by  having  a  considerably  thickened  outer  wall  and  by 
the  polygonal  outline  of  its  cells  in  smrface-view.  In  two  of  the  investigated 
species,  viz.  B.  Balansae  and  B,  microstachyay  a  single  layer  of  hypoderm  is 
present  beneath  the  upper  epidermis.  The  stomata  occur  only  on  the  lower 
side  of  the  leaf ;  their  guard-cells  are  provided  with  strongly  developed  cuti- 
cular  ridges,  and  are  siurounded  by  several  epidermal  cells.  The  vascular 
bundles  of  the  veins  are  embedded,  and  are  surrounded  by  a  ring  of  scleren- 
chyma. Enlarged  terminal  tracheides  are  sometimes  found  at  the  ends  of 
the  vascular  bundles.  In  B.  Pancheri  and  B.  Vieillardi  clustered  crystals  are 
rather  abimdant  in  tiie  mesophvU. 

According  to  Petit,  the  basal  portion  of  the  petiole  inB.  VieiUardi  contains 
three  arc-shaped  vascular  bundles ;  these  become  closed  higher  up  to  form 
three  rings,  but  finally  open  out  again. 

The  wood  in  the  genus  Balanops  consists  of  :  (a)  vessels  which  have  very 
small,  rounded  lumina  (only  attaining  a  diameter  of  -021  mm.),  and  are  mostly 
isolated;  (b)  wood-prosenchjmia  with  thick  waUs  and  narrow  lumina;  and 
(c)  very  narrow  medullary  rays.  The  vessels,  as  stated  above,  have  scalariform 
perforations  with  numerous  bars  in  all  cases.  In  contact  with  parenchjmaa 
of  the  medullary  rays,  the  walls  of  the  vessels  bear  rounded  or  slit-shaped 
pits,  which  may  be  described  as  unbordered.  In  B,  microstachya  the  wood- 
prosenchyma  has  simple  pits,  but  in  B.  Balansae  the  pits  may  be  recognized 
as  distinctly  bordered  when  seen  in  section.  The  cells  of  the  medullary  rays 
are  often  considerably  elongated  in  the  vertical  direction  ;  they  are  sometimes 
low,  but  never  show  considerable  radial  elongation. 

*  Petit,  Petiole,  Actes  Soc  Linn,  de  Bordeaux,  t.  xliii,  1889,  p.  18  and  pi.  i. 
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Regarding  the  structure  of  the  cortex,  the  foUowing  statements  may  be 
made.  The  cork  arises  subepidermally  (B.  microstachya)^  and  consists  of 
narrow,  tabular  ceUs  with  rather  thick  walls.  In  B.  microstackya  a  ring  of 
stone-ceUs  is  found  adjoining  the  cork-cambium ;  this  ring  is  perhaps  of  the 
nature  of  a  phelloderm.  In  B.  Balansae  numerous  slightly  sclerosed  cells 
occur  in  the  primary  cortical  parenchyma.  The  outer  limit  of  the  bast  is 
formed  by  a  composite  and  continuous  sclerenchjonatous  ring,  which  also 
includes  crystal-cells  (with  solitary  crystals).  In  the  bast  we  occasionally  find 
solitary  crystals,  or  structures  resembling  clustered  crystals.  True  chambered 
fibres  containin£[  solitary  or  clustered  crystals  are  not  present  in  the  bast ; 
secondary  bast-nbres  are  dso  absent,  at  least  in  such  material  of  the  branch 
as  has  been  investigated. 


URTICACEAE. 

The  most  satisfactory  method  of  dealing  with  the  anatomical  features  of 
this  Order  will  be  to  describe  them  under  different  groups,  viz. :  *  i.  Ulmaceae  ' 
(to  include  the  Tribes  Ulmeae  and  Celtideae) ;  2.  Cannabineae '  (the  Tribe 
Cannabineae) ;  '  3.  Moraceae '  (the  Tribes  Moreae,  Arctocarpeae  and  Cono- 
cephaleae) ;  and  '  4.  Urticeae'  (the  Tribe  Urticeae).  The  Tnbe  Thdygoneae 
will  be  considered  in  an  appendix  to  these  groups,  since  it  differs  anatomically 
from  the  rest  of  the  Urticaceae  in  possessing  bimdles  of  raphides. 

At  this  point  we  may  give  a  brief  review  of  the  most  important  anatomical 
features.  ITie  occurrence  of  silicified  or  calcified  cell-walls,  and  of  similarly 
constituted  cystoliths  or  cystolith-hke  structures  is  very  general.  In  some 
cases  the  cystoliths  occur  independently  of  the  trichomes,  this  type  being  found 
chiefly  in  epidermal  cells  (independent  cystoliths) ;  in  other  cases  they  are 
met  with  in  the  hairs  (hair-cystoliths).  Independent  cystoliths  have  in  the 
first  place  been  found  in  certain  Ulmaceae  and  Moraceae,  but  attain  their 
widest  distribution  in  the  Urticeae.  A  second  anatomical  feature,  viz.  the 
occurrence  of  laticiferous  cells,  is  confined  to  Cannabis  and  representatives 
of  the  Moraceae.  The  following  important  anatomical  characters  are  common 
to  aU  Urticaceae :  the  superficial  development  of  the  cork  in  most  cases ; 
the  considerable  length  of  the  bast-fibres  * ;  the  simple  perforations  of  the  vessels ; 
the  usuaUy  simple  pits  on  the  wood-prosenchyma  ;  the  lack  of  a  uniform  type 
of  stoma ;  the  excretion  of  oxalate  of  hme  in  the  form  of  ordinary  solitary 
and  clustered  crystals  (except  in  Thdygonum,  see  above).  The  hairy  covering 
consists  of  simple,  mostly  unicellular  clothing  hairs,  and  glandular  hairs  of 
varied  structure.  Special  forms  of  hairs  are  :  the  bracket-hairs,  occurring  in 
some  genera  ;  the  two-armed  climbing  hairs  of  Humulus ;  the  stinging  hairs 
of  certain  Urticeae ;  and  the  pearl-glands.  In  addition  to  laticiferous  tubes 
and  external  glands,  the  secretory  system  consists  of  resin-cells  and  mucilage- 
receptacles  (mucilaginous  cells  and  mucilage-canals). 

I.  Ulmaceae. 

The  Ulmaceae  agree  with  the  rest  of  the  Urticaceae  in  certain  features  pre- 
sented by  the  structure  of  the  axis  (viz.  the  superficial  development  of  cork, 
the  almost  exclusively  simple  perforations  in  the  vessels,  and  the  nearly  universal 
occurrence  of  simple  pits  on  the  wood-prosenchyma) ;  also  in  the  frequent  occur- 
rence of  calcification  and  silicification,  and  more  especially  of  cystoUth-like 


^  These  long  bast-fibres  are  multiDncleate  in  Urtica  dioica  and  Cannahis  sativa  (Treub  and 
Kallen). 
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structures.  The  latter  are  either  independent  cystoliths,  or  hair-cystoliths»  or 
cvstotyles.  As  a  point  of  distinction  from  the  Cannabineae  and  Moraceae, 
the  absence  of  laticiferous  cells  in  the  Ulmaceae  deserves  notice.  The  only 
internal  secretory  elements  which  have  been  observed  are  mucila^e-cells  (in 
the  bast  of  ^)ecies  of  Ulmus,  and  in  the  mesophyll  of  species  of  CoHs^  Giroft" 
niera  and  Phyllostylon)^  if  we  exclude  the  gelatinization  of  the  epidermis  of 
the  leaf  found  in  many  species.  The  type  of  stoma  is  not  uniform  ;  similarly 
the  pericycle  shows  varied  differentiation.  Oxalate  of  lime  occurs  in  the  form 
of  clustered  and  solitary  crystals,  the  latter  sometimes  resembUng  styloids  in 
shape  as  in  the  neighbourhood  of  the  primary  hard  bast  of  CeUis.  llie  hairy 
covering  consists  of  clothin|[  and  glandular  hairs,  both  of  which  show  little 
diversity  of  form,  the  clothmg  hairs  being  mostly  unicellular.  Other  special 
features  in  the  structure  of  the  leaf  are  :  papillose  differentiation  of  the  lower 
epidermis  (species  of  CeUis) ;  and  development  of  hypoderm  on  the  upper  side 
of  the  leaf  (species  of  Apkananthe^  CeUis,  Gironniera,  Hohpteleay  Parasponia, 
Trema). 

The  leaf-stmctnre  of  the  Ulmaceae  has  been  investigated  especially  by 
Priemer^  The  following  statements  may  be  cited  regarding  the  integu- 
mentary tissue  of  the  leaf.  The  lateral  margins  of  the  epidermal  cells  are  either 
straight  or  imdulated.  Certain  species  of  Ulmus  and  CeUis  are  distinguished 
by  the  development  of  strong  cuticular  ridges,  especiallv  on  the  lower  side  of 
the  leaf.  Papillae  are  found  on  the  lower  side  of  the  leaf  in  certain  species 
of  CeUis  \  All  the  investigated  species  of  Ulmus,  PkyUostylon,  Planera, 
Zdkova  ind.  Hemiptelea,  Ampelocera,  CeUis,  Parasponia,  Gironniera,  Chaetacme, 
and  some  of  the  species  of  Trema  exhibit  gelatinization  of  the  epidermis  of 
the  leaf.  Another  feature  is  the  '  two-layered  epidermis '  found  in  species  of 
Aphananthe,  CeUis,  Gironniera,  Holopteiea,  Trema  and  Parasponia ',  the  lower 
layer  of  cells  usually  differing  from  the  upper.  The  stomata  are  generally 
present  only  on  the  lower  side  of  the  leaf,  but  in  Trema  aspera,  Bl.  and  some 
species  of  CeUis  they  also  occur  on  the  upper  side.  The  guard-cells  usually 
lie  on  a  level  with  the  epidermis,  but  in  the  species  with  a  papillose  epidermis, 
and  in  Hemipteiea  Daviaii,  PI.  they  are  depressed,  while  in  Trema  anumnensis, 
Bl.  and  other  species  they  are  elevated.  With  regard  to  the  subsidiary  cells, 
Priemer  makes  the  following  rather  vague  statement :  '  The  stomata  are 
invariably  enclosed  by  accessory  subsidiary  cells  * ;  in  Ulmus  campesiris,  L. 
I  found  the  stomata  surrounded  irregularly  by  a  number  of  ordinarv  epidermal 
cells,  while  in  CeUis  tetrandra,  Roxb.  one  of  the  neighbouring  cells  on  either 
side  of  the  pore  is  placed  parallel  to  the  latter.  The  leaf-structure  is  mostly 
bifacial,  but  is  subcentric  in  some  species  of  CeUis,  The  palisade- tissue  consists 
of  one  or  more  layers,  the  number  being  sometimes  constant  for  certain  species, 
or  even  genera.  In  some  species  of  Cdiis  the  lateral  walls  of  the  pahsade-cells 
are  finely  undulated.  The  spongy  tissue  either  contains  large  lacunae  (Planera, 
Ulmus,  Zelkova)  or  is  dense.  In  certain  species  oi  ^Ct&is,  Gironniera  and 
Phyllostylon  *,  mucilage-cells  occur  in  the  mesophyll  •.    The  vascular  bundles 


'  Priemer's  woik  deals  with  the  foUowing  genera  :  ( 1 )  Ulmeae :  O'lmus,  Hohpttlea,  PhyttostyloH^ 
PUxnera;  (3)  Celtideae :  ZiUuva  incl.  HtmiptiM,  Ampelocsra,  CeUis,  Trema,  Paraspmia,  Apha- 
nanthe, Girpnntera,  Chaeiacme  and  CeltuUpsis  {Mertemia  pubesctns,  Kth.,  incorrectly  named 
Mertensia  cUrifolia  or  Ceitidopsts  ciirifolia  by  Prianer).  Priemer's  nomenclature  of  the  species  is 
on  the  whole  retained  here,  although  in  his  work  the  same  species  sometimes  figures  under  several 
synonyms ;  I  have  only  corrected  the  numerous  misprints. 

'  See  Priemer,  loc.  dt,  p.  462. 

*  See  Priemer,  loc.  dt.,  p.  424,  foot-note  i. 

*  CtUis  andiaia,  Sw.,  C,  dUhotoma,  Ruts.  CJamaicimis,  PI.,  C,  laiifoiia,  PL,  C,  maun'tiana, 
PL,  C,  paniculata,  PI.,  C.  rigisctm,  PL  ;  Gironniera  celtidifolia.  Gaud. ;  Phylhs^lon  brasiiiensis, 
Capan.,  P,  rhamnoides,  Taub. 

'  I  do  not  know  what  Priemer  means  by  the  <  finee  sclerenchymatous  elements  *  of  some  spedes 
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of  the  veins  are  either  accompanied  by  sclerenchyma  only  (Ulmus^  Planera^ 
Zdkovaj  Celtis  pro  parte,  Gironniera,  Aphananthe  pro  parte)  or  by  a  sheath  of 
large  parenchymatous  cells  devoid  of  chlorophyll  {Hemiptdea^  Phyttostylon, 
CMis  pro  parte,  Tretna^  Parasponiay  Aphananthe  pro  parte) ;  in  other  cases 
neither  sclerenchyma  nor  a  parenchjmiatous  sheath  is  present  (CelHs  cinna- 
momea^  Lindl.,  Ampdocera^  AphanatUhe  pkUippinensis^  PL).  Vertically  trans* 
current  veins  are  found  in  the  genera  Gironntera^  HemipUUa^  Parasponiay  Planer  a,, 
Trema,  Ulmus^  Zelkova,  Celtis  pro  parte,  and  Phyllosiylon  rhamnoides,  Taub. 

Oxalate  of  lime  is  present  in  the  form  of  ordinary  solitary  and  clustered 
crystals.  Both  forms  of  crystals  are  found  in  the  leaf  in  the  genera  Apha- 
nantkey  CeUis^  Gironniera^  Holaptelea  \  Phyllostylon  and  UlmuSy  the  clustered 
crystals  occairring  in  the  mesophyll,  the  solitary  crystals  accompanying  the 
vascular  bundles  of  the  veins.  Solitary  crystals  alone  have  been  observed  in 
the  leaf  in  Ampelocera  (only  in  the  petiole)  and  Zelkova,  clustered  crystals 
alone  in  Hemiptelea,  Parasponiay  Planera  and  Trema,  while  in  Ampelocera 
neither  clustered  nor  solitary  crystals  are  present. 

The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The  former 
have  pointed  apices,  and  are  mostly  unicellular,  or  as  an  exception  (C.  Krauss- 
iana,  Bemh.)  bicellular.  The  walls  of  the  hairs  are  mostly  thick,  and  are 
frequently  calcified  or  silicified;  the  outer  surface  is  sometimes  (species  of 
Aphananthe,  Celtis,  Gironniera,  Trema)  furnished  with  calcified  warts,  and  not 
uncommonly  a  crystolith-like  body  springs  from  the  lateral  wall.  Special  forms  of 
trichomes  are :  the  long  and  narrow  clothing  hairs  of  Celtis  boliviensis,  PL, 
C.  Tala,  Gill,  and  Zelkova  creiica,  Spach  ;  the  trichomes  of  Ampelocera  Ruizii, 
Klotzsch,  which  have  thin  waUs,  and  are  broadest  at  the  middle,  not  at  the 
base ;  and  the  hairs  of  certain  species  of  Trema  (such  as  T.  amboinensis,  BL), 
which  likewise  have  thin  walls,  sometimes  contain  cystoliths,  and  form  a  felt- 
like covering  on  the  lower  side  of  the  leaf.  Glandular  hairs  are  present  in  all 
the  genera  examined  by  Priemer.  They  generally  have  a  unicellular  or  uni- 
seriate  stalk  of  variable  length,  and  a  head  composed  of  one  or  several  cells. 

The  shape  of  the  glandular  hairs  varies  even  within  the  limits  of  a  genus.  In 
the  simplest  case  (speaes  of  Celtis  and  Trema)  the  glandular  hairs  consist  of  a  row 
of  cells  with  a  more  or  less  distinct  demarcation  of  the  terminal  ceU.  In  other 
species  of  Trema  the  hairs  are  composed  of  a  double  row  of  cells.  Ulmus,  Planera, 
Phyllosiylon,  Aphananthe  and  Hemiptelea  have  club-shaped  glandular  hairs  con« 
sisting  of  about  three  cells  lying  in  a  row,  the  terminal  cell  bein^  occasionally 
somewhat  swollen.  In  A  mpelocera  there  are  glandular  hairs  with  a  umcellular  stalk, 
and  a  club-shaped  head  divided  bv  horizontal  and  vertical  walls ;  in  Gironniera 
there  are  hammer-shaped  external  glands  with  a  unicellular  stalk,  and  a  head 
divided  by  vertical  walls  only,  whilst  in  certain  species  of  Celtis  the  glandular  hairs 
are  derived  from  umseriate  hairs  by  enlargement  of  the  distsd  cells  which  further 
undergo  vertical  divisions. 

In  some  cases  the  marginal  teeth  of  the  young  leaves  also  produce  a  secretion, 
e.g.  in  Ulmus  campestris,  according  to  Reinke.  These  teeth  include  the  termination 
of  a  vein ;  mucilage  is  found  in  the  epidermis  and  the  subjacent  tissue,  and  a  few 
stomata  occur  above  the  end  of  the  vein 

Silidflcation  and  calcification  are  common  phenomena,  as  stated  above. 


of  Celtis,  described  on  p.  438  ;  possibly  the  enlarged  terminal  tracheides  are  referred  to.  In  tbe  two 
species  which  I  had  at  my  dispcMal  for  checking  this  observation  (C  paniculcUa,  PI.  and  C.  tctrandra^ 
Roxb.)  I  fonnd  nothing  to  which  such  a  term  would  be  applicable. 

^  In  the  general  part  of  Priemer's  work  Phyllostylon  is  not  included  amongst  the  genera  enume- 
rated as  having  both  solitary  and  clustered  crystals  in  the  leaf ;  in  place  of  this  senus,  however, 
Hemiptelea  is  quoted,  involving  a  contradiction  of  the  statements  in  the  special  portion  of  the  same 
treatise.  In  the  general  part  HohpteUa  is  given  amongst  the  genera  which  have  clustered  crystals 
only,  while,  according  to  the  special  part,  solitary  crystals  are  present  in  the  petiole  of  Holoptelea^ 
Such  contradictions  are  unfortunately  not  uncommon  in  Priemer's  work. 
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In  some  cases  the  silicification,  besides  affecting  the  walls  of  the  hairs,  frequently 
extends  to  the  outer  walls  of  the  epidermal  c€^  and  the  adjacent  lateral  walls. 
In  other  cases  the  silicified  parts  are  protuberances  of  the  cell- wall,  the  shape 
of  which  may  graduate  into  that  of  cystoliths.  These  protuberances  occur 
not  only  in  the  integumental  tissue,  but  also  in  the  mesophyll.  The  sihcifica* 
tion  is  specially  strong  in  CeUis^  Chaetactne^  Hemiptdea^  Holoptdea  and 
Trema.  in  many  cases  calcification  accompanies  the  silicification.  The 
calcification  of  the  walls  of  the  hairs  has  already  been  mentioned  above.  We 
may  follow  Priemer  in  dividing  the  calcified  cystolith-like  structures  into 
cystotyles  and  cystoliths.  According  to  Priemer  the  cystotyles  comprise 
ail  encrusted  structures  which  have  no  stalk  and  no  stratification,  while 
the  cystoliths  are  those  which  are  provided  with  a  stalk,  or  are  stratified, 
or  e^bit  both  these  features.  The  cystolith-like  structures  are  almost  always 
confined  to  the  integumentary  tissue;  they  are  restricted  to  the  mesophyll  in 
CeUidopsis  only.  Cystoliths  have  been  observed  in  the  genera  Ampdocera^ 
CeUis,  Chaetacme^  Hemiptelea^  Holoptdea^  Parasponia,  PhyUostylon  and  Trema, 
and  cystotyles  in  all  the  investigated  genera.  The  cystoliths  are  either  inde* 
pendent,  or  occur  in  the  hairs.  The  independent  cystoliths  are  found  in  epidermal 
cells,  which  are  enlarged  towards  the  mesophyll,  onlv  a  small  portion  of  the 
wall  of  the  cell  in  most  cases  reaching  the  sinrf ace  of  the  leaf ;  it  is  to  this  por- 
tion of  the  wall  that  the  stalk  of  the  cystolith  is  attached.  Cystoliths  of  the 
second  type,  viz.  hair-cystoliths,  occur  in  the  trichomes.  The  lithocysts  con- 
taining the  independent  cystoliths  usually  lie  with  their  outer  wall  on  a  level 
with  the  epidermis,  and  rarely  {CdHs  brasUiensis,  PL)  occur  in  a  superficial  depres- 
sion. The  independent  cystoliths  are  as  a  rule  botryoidal,  cylindrical,  or 
spherical  in  shape,  all  these  different  forms  being  found  in  the  genus  CeUis. 
Among  rarer  forms  are  reniform  or  arc-shaped  cystoliths  {CdHs  pubescens, 
H.B.K.,  &c.),  or  mushroom-like  cystoliths  (Chadacme  aristata,  PI.).  The 
cystoliths  in  the  hairs  are  pear-shaped,  and  are  seated  on  the  lateral  wall, 
near  the  base  of  the  hair.  The  occurrence  of  cystoliths  in  mucilaginous  epi- 
dermal cells  is  specially  noteworthy  (species  of  Chadacme  and  Trema). 

In  dealing  with  the  systematic  value  of  these  structures  Priemer  distinguishes 
the  following  types  of  cystoliths,  employing  the  terms  introduced  by  Mez  in  his 
study  of  the  cystoliths  of  the  Cordiaceae :  I.  Independent  cvstoliths,  i.e.  such  as 
occur  independently  of  the  hairs ;  at  the  most  the  outer  wall  of  the  lithocyst  ter- 
minates in  a  small  point.  A  mpdocera  (containing  very  little  lime  and  only  occurring 
in  the  upper  epidermis  of  the  leaf) ;  Cdtis  (except  C  Kraiissiana^  Bernh. ;  some 
of  the  species  also  have  types  II  and  III) ;  Chaetacme  (mushroom-shaped,  mostly 
in  mucilaginous  epidermal  cdls,  and  only  on  the  upper  side) ;  Holoptdea  (oidy  in 
the  lower  epidermis) ;  PhyUostylon  (accompanying  type  II) ;  Trema  (in  mucilaginous 
epidermal  cells  in  a  few  of  the  species ;  accompanied  by  type  II,  and  in  some  of 
the  species  by  III  also) ;  Celtidopsis  (only  in  the  mesophyll).  II.  Hair-cystoliths  : 
Cdtis  pro  parte  (accompanied  by  type  I) ;  PhyUostylon  (accompanied  by  I) ;  Trema 
(accompanied  by  I,  and  in  some  of  the  species  also  by  III).  III.  Spherical  cysto- 
liths, i.e.  hair-cystoliths,  surrounded  by  epidermal  cells  containing  cystotyles,  tiie 
whole  group  forming  small  false  scales  :  Celtis  Kraussiana,  Bernh.  and  other  species 
of  Cdtis  (the  latter  also  having  types  I  and  II) ;  Hemiptdea  ;  Parasponia  (accom- 
panied by  II) ;  Trema  (accompamed  by  I  and  II).  Iv.  SmaUer  cystoliths,  often 
poor  in  carbonate  of  lime  and  rich  in  silica,  and  seated  in  groups  of  2-5  in  the  comers 
of  adjacent  epidermal  cells :   in  all  the  genera  and  of  no  special  S5rstematic  value. 

According  to  Priemer  the  base  of  the  petiole  contains  either  an  arc-shaped 
vascular  bundle  {CeUis,  Trema,  Zdkova,  Holopielea,  Aphananthe),  or  a  ring  of 
wood  and  bast  (Ulmus,  Planera,  PhyUostylon,  Hemiptdea,  Chadacme),  or  three 
vascular  bundles  (Gironniera).  According  to  Petit,  three  vascular  bundles 
enter  the  petiole  in  species  of  CeUis,  Ulmus  and  Planera. 

The  structure  of  the  axis  has  been  specially  examined  by  me  with  reference 
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to  the  nature  of  the  wood  in  Ulmus  campestris,  L.,  Holopidea  iniegrifolia,  PI., 
Planera  aquatica,  Gmel.,  Celiis  occidenkUis^  L.  and  Aphananthe  aspera^  PL,  and 
by  M5Uer  with  reference  to  the  cortex  in  species  of  Ulmus  and  Celtis,  In  Ulmus 
the  medullary  rays  of  the  wood  reach  a  breadth  of  seven  cells  even  in  material 
from  branches,  the  cells  being  much  elongated  radially,  and  exclusively  in  that 
direction  ;  in  the  remaining  genera  the  medullary  rays  are  narrower,  reaching 
a  breadth  of  three  cells,  and  some  of  the  cells  are  elongated  in  the  vertical, 
some  in  the  radial  direction.  The  vessels  vary  as  to  the  size  of  their  lumina 
and  the  mode  of  their  arrangement.  In  Holoptelea,  the  vessels,  which  are  mostly 
isolated,  more  rarely  arranged  in  radial  series  of  2-3,  attain  a  diameter  of 
•09  mm. ;  in  Planera  the  majority  of  the  vessels  form  radial  rows,  and  their 
diameter  only  reaches  -04  nun. ;  in  Ulmus  the  diameter  of  the  vesseb 
in  the  spring-wood  reaches  -15  mm.,  and  they  are  isolated,  while  the  vessels 
of  the  autumn-wood  have  snudler  lumina  and  form  tangential  groups.  On 
the  common  walls  between  contiguous  vessels  rather  large  borders!  pits  occur 
(diameter  of  border  in  Ulmus  as  much  as  -009  mm.,  in  other  cases  -004  nun.). 
In  contact  with  parenchyma  of  the  medullary  rays,  the  walls  of  the  vessels  are 
also  mostly  provided  with  distinct  bordered  pits.  Spiral  thickening  of  the 
vessel-wall  has  been  observed  in  Ulmus  campestris  (according  to  Hesselbarth 
in  17.  pedunculata  also),  and  in  AphanatUhe  aspera.  The  perforations  of  the 
vessels  are  simple,  and  round  or  elliptical.  Scalariform  perforations  with  i^ 
bars  have  only  been  met  with  in  Planera  aquaiica^  where  they  occur  in  the 
neighbourhood  of  the  primary  wood,  elongated  elliptical  perforations  being 
also  present.  The  wood-parenchyma  is  sometimes  {Cdiis^  Holoptelea)  developed 
in  considerable  quantity.  In  Planera  the  wood-prosenchyma  is  provided  with 
pits  having  a  small  border  (similar  to  those  of  Betula),  but  m  other  cases  it  bears 
simple  pits.  The  wood-fibres  frequently  have  relatively  wide  lumina  and  rather 
thick  walls.  In  some  cases  (species  of  Cdtis^  Hohpielea  and  Ulmus)  the  size 
of  the  lumen  is  diminished  by  the  presence  of  a  gelatinous  layer.  It  remains 
to  mention  that  in  the  heart-wood  and  pith  of  certain  species  of  Ulmus  and 
Celtis  it  has  been  demonstrated  that  carbonate  of  lime  forms  a  component  part 
of  the  cell-contents  (Molisch  and  Priemer). 

The  outermost  cell-layer  of  the  cortex  is  sometimes  {CeUis,  Ulmus)  silici- 
fied.  According  to  MoUer,  the  development  of  cork  takes  place  subepidermally. 
The  cork  consists  of  cells  with  wide  lumina,  and  in  Celtis  contains  stone-celk. 
As  is  well  known,  Ulmus  suberosa,  Mch.  is  characterized  by  a  massive  develop- 
ment of  the  superficial  periderm.  The  pericycle  contains  isolated  bundles  of 
bast-fibres  in  Ulmus,  and  a  composite  and  continuous  ring  of  sclerenchsmia  in 
CeUis.  In  both  genera  the  secondary  bast  includes  groups  of  long,  smooth 
bast-fibres,  which  occasionally  give  rise  to  a  stratification  of  the  bast.  In  the 
older  cortex  of  Cdtis  the  bast-parenchyma  becomes  sclerosed.  The  sieve-tubes 
have  simple  sieve-plates  with  coarse  meshes.  The  medullary  rays  of  the  bast 
contain  no  crystals,  but  soUtary  and  clustered  crystals  are  fairly  common  in 
other  parts  of  the  cortex  ;  in  Ulmus  the  solitary  crjrstals  in  the  neighbourhood 
of  the  primary  bast  are  rod-shaped  (resembling  styloids).  Of  secretory  ele- 
ments, mucilage-cells  are  foimd  in  the  bast  of  Ulmus  ;  they  have  large  rounded 
lumina,  and  are  somewhat  elongated  in  the  vertical  direction  ;  according  to 
MoUer  they  vary  in  abundance,  and  are  quite  absent  in  some  specimens. 

According  to  Gris,  the  pith  in  Planera  is  entirely  composed  of  active  cells 
with  thick  walls,  whilst  in  Ulmus  and  CeUis  the  central  portion  consists  of 
rather  large,  empty  cells  with  thin  walls,  and  the  peripheral  portion  is  formed 
by  relatively  small  active  cells  with  thick  walls  '. 


^  It  is  not  easy  to  understand  how  Gris  comes  to  the  conclosion,  from  these  data,  that  Ctitis 
should  be  separated  from  Ulmus  and  Platura  as  an  independent  group. 


769 

2.  Cannabineae. 

Cannabis  and  Humulus,  like  the  other  Urticaceae,  exhibit  the  following 
featui'es  :  simple  perforations  in  the  vessels  ;  wood-prosenchyma  with  simple 
pits  ;  secondary  ikrd  bast ;  long  bast-fibres  (as  much  as  22  mm.  in  length-  in 
Cannabis) ;  c3^tolith-like  structwes ;  miicellular  clothing  hairs  often  con- 
taining cystoliths  ;  and  glandular  hairs,  the  heads  of  which  are  mostly  divided 
by  vertical  walls  only.  Laticiferous  cells  have  only  been  observed  in  numulus, 
Tlie  stomata  have  no  special  neighbouring  cells.  Oxalate  of  lime  takes  the 
form  of  clustered  crystals. 

To  this  brief  diaiposis  we  may  add  some  information  regarding  the  lati- 
ciferous tubes,  the  hauy  covering,  the  cystoliths,  &c.,  and  the  structure  of  the 
petiole.  The  laticiferous  tubes  of  Humulus  are  found  in  the  parenchyniatous 
pericycle,  on  the  inner  side  of  the  primary  groups  of  hard  bast.  According  to 
Hokner  the  laticiferous  tubes  do  not  appear  to  be  present  in  the  embryo. 
Further  investigation  is  required  to  determine  whether  these  elements  occur 


Fig.  181.    A-p,  ffummhu  Lu^uhUy  L.:  A-d,  Glandalar  tiAin 
g:iaa<b ;  p,  Climbing  hairs,    o,  Transverse  section  throas;h  the  ] 
satwoy  L.— A-D  ana  P  after  Holmer,  b  after  Kny,  O  OrijpnaL 


in  Cannabis^  or  are  really  absent,  as  is  apparently  the  case  *.  The  clothing 
hairs  are  mostly  unicellular,  more  rarely  {numtilus)  uniseriate  ;  they  vary  in 
length.  As  in  other  Orders  possessing  cystoliths,  we  find  an  antagonistic 
relation  between  the  development  of  hairs  on  the  one  hand,  and  of  cystoliths 
on  the  other  (Fig.  181,  G),  The  large  cystoUths  on  the  upper  side  of  the  leaf 
of  Cannabis  sativa^  L.  are  contained  in  trichomes,  the  bassd  portion  of  which 
is  strongly  swollen,  and  penetrates  into  the  mesophyU,  while  the  actual  body 
of  the  hair  is  often  considerably  reduced  ;  on  the  other  hand  the  longer  hairs 
on  the  lower  side  of  the  leaf  only  include  small  cystoliths,  and  in  these  the 
stalk  of  the  C3^tolith  may  be  said  to  be  formed  by  the  body  of  the  hair,  which 
has  become  soUd  owing  to  calcification  and  silicincation  ;  in  other  cases  these 

'  Chaaveaiid's  statement  (loc.  dt,  p.  119)  that  laticiferous  tabes  occur  in  Cannabis  is  based  on 
the  £act  that  Englo'  ascribes  them  quite  generally  to  the  members  of  his  Order  Moraceae  (including 
the  Camiabiiieae).  Aocoiding  to  Chauveaud  laticiferous  tubes  are  not  present  in  the  embryo  of 
Catmabu» 
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long  hairs  only  possess  a  calcified  apex.  In  the  cells  adjoining  the  large  hair- 
cystolithSy  cystotyles  sometimes  occur.  The  climbing-hairs  found  in  the  hop 
(Fig.  i8iy  2^  are  a  special  form  of  clothing  hair.  'Diey  are  unicellular  mal- 
pighian  hairs  with  equal  or  unequal  arms,  and  a  strongly  silicified  wall,  and 
are  either  directly  inserted  in  the  epidermis  or  seated  at  the  apex  of  a  multi- 
cellular pedestal.  These  hairs  are  connected  with  the  ordinarj^  clothing  hairs 
by  transitional  forms.  The  glandular  hairs  of  Humulus  exhibit  a  series  of 
forms,  which  have  been  descnbed  in  detail  by  Holzner  (Fig.  i8i,  A-E) ;  the 
following  types  are  found  :  {a)  stalked  capitate  extemstl  glands,  with  a  uni- 
cellular, or  uniseriate  and  then  locally  (i.e.  in  the  upper  part)  biseriate  stalk,  and 
a  spherical  head,  which  is  composed  of  four  or  more  cells  separated  by  vertical 
walls,  or  is  divided  into  a  still  larger  number  of  cells  by  both  horizontal  and 
vertical  walls ;  (6)  discoid  glands  with  a  unicellular  stalk  and  a  disc^haped 
head  consisting  of  a  single  layer  of  cells ;  (c)  finalljr  glands  with  a  crateriform 
head,  composed  of  a  single  layer  of  cells,  and  exhibiting  an  abundant  accumula- 
tion of  secretion  beneath  the  cuticle.  Cannabis  has  discoid  glands  similar 
to  those  of  Humulus^  and  also  small  external  glands  with  a  unicellular  stalk, 
and  a  head  which  is  either  unicellular  or  bicellular,  owing  to  the  presence  of 
a  vertical  wall.  The  teeth  on  the  young  leaf  of  Humulus  are  also  glandular, 
being  provided  with  a  secretory  palisade-like  epidermis.  The  characteristic 
region  of  the  petiole  contains  an  arc-shaped  fibrovascular  system  in  Cannabis 
and  Humulus;  in  the  latter  genus  the  seven  component  vascular  bundles 
which  enter  the  petiole,  can  be  distinctly  recognized  in  the  arc  of  vascular  tissue. 

3.   MORACEAE. 

The  Moraceae  are  specially  distinguished  by  the  presence  of  laticiferous 
cells.  Certain  other  features  they  have  in  common  with  the  rest  of  the  Urti- 
caceae ;  these  are :  the  simple  perforations  in  the  vessels ;  the  simple  pitting  of 
the  wood-prosenchyma;  the  superficial  development  of  the  cork;  the  presence 
of  cystolith-like  structures ;  and  the  frequent  occurrence  of  very  long  bast- 
fibres.  The  stomata  usually  have  no  special  subsidiary  cells.  The  hairy 
covering  consists  of :  (a)  simple  unicellular  hairs,  which  are  sometimes  {Arto- 
carpus,  Darstenia,  BroussoneHa,  Cecropia)  bent  like  a  hook  at  the  apex ;  (6) 
uniseriate  hairs  (Ficus  pro  parte,  Cecropia) ;  and  {c)  glandular  hairs  of  varied 
structure  (in  some  cases  pearl-glands).  Oxalate  of  lime  is  excreted  in  the  form 
of  soUtary  and  clustered  crystals.  The  following  internal  secretory  organs 
are  present :  resin-cells  (Aftocarpus\  tanniniferous  idioblasts  (Ficus)^  and 
mucilage-canals  (Cecropia,  Conocephalus),  Special  features  in  the  leaf  are  the 
occurrence  of  hs^poderm  (species  of  Ficus  and  Conocephalus),  and  of  clustered 
crystals  in  the  epidermis  (species  of  Aniiaris,  Artocarpus,  Ficus,  Madura). 

A  detailed  investigation  of  the  structure  of  the  leaf  has  not  yet  been  made. 
In  the  representatives  of  the  three  Tribes  examined  by  me  (Morus  alba,  L., 
Artocarpus  incisa,  L.  f.  and  Conocephalus  suaveolens,  Bl.)  the  stomata  are 
surrounded  in  the  first  two  species^  by  a  number  of  epidermal  cells  irre- 
gularly arranged,  in  Conocephalus  suaveolens  *  by  three  subsidiary  cells.  Gela- 
tinization  of  the  epidermis  of  the  leaf  has  been  observed  in  Morus  alba,  and 
by  Richter  in  Antiaris  toxicaria,  Lesch.  and  species  of  Cecropia.  Hypoderm 
has  been  found  in  Conocephalus  suaveolens,  species  of  Cecropia  and  numerous 
species  of  Ficus  (see  De  Bary  and  Mobius) ;  it  occurs  either  on  both  sides  or 

^  The  same  is  the  case  in  Antiaris^  according  to  A.  Richter,  and  in  Ficus,  according  to  Stras- 
boiger.  In  Ficus  the  cells  immediately  snrroanding  the  pairfr  of  gnard-oells  are  cat  off  by  secondanr 
dlTisions  from  the  cells  adjoining  the  mother-cell  of  the  guard-cells  (Strasbuiger,  in  Pringsheim  s 
Jahrb.,  Bd.  t,  1866-7,  P-  33^  and  Tab.  xli). 

'  Also  in  JDorsttma,  according  to  Benecke. 
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0Dly  on  the  upper  side  of  the  leaf.  In  Brosimopsis  lacUscenSy  Sp.-Moore  and 
Ficus  Cofica  the  upper  epidermis  consists  locally  of  two  layers.  The  genus 
Cecrapia  has  verticaJly  transcurrent  veins  (Richter).  A  noteworthy  feature 
is  the  occurrence  of  clustered  crystals  in  the  integumentary  tissue.  These 
crystals  occupy  small  epidermal  cells  in  AfiHafis  sacdodora.  Dak.  and  ArtO' 
ewrpus  communis^  Forst.,  according  to  A.  Richter,  and  in  Madura  tricuspidaia 
«id  '  Ficus  indica^*  according  to  Mdbius ;  in  the  first  three  species  these  cells 
form  small  groups.  In  Ficus  dasHca  and  F.  macrophyUa  diustered  crystals 
are  found  in  the  hypoderm  (Hobius).  It  remains  to  mention  the  pecuhar 
small  pits,  warts  or  spots  (forming  hydathodes),  which  are  found  in  many 
^pedes  of  Ficus^  in  Conoccphalus  ovaius  and  Cecropia  Sckiedeana ;  they  are 
situated  on  the  upper  side  of  the  leaf»  and  generally  occur  above  the  points 
of  junction  of  the  veins^  or  more  rarelv  are  restricted  to  the  margin  of  the 
leaf.  They  are  due  to  the  presence  of  a  group  of  cells  resemblii^  an  epi- 
thema  and  containing  the  termination  of  a  group  of  tracheae  belonging  to  the 
vascular  system;  above  the  epithema  there  is  a  group  of  water-pores  (De 
Bary,  Habierlandt,  Hdbius). 

The  distribution  of  the  laticiferons  tubes  has  hitherto  been  insufficiently 
investigated  from  an  anatomical  point  of  view.  By  no  means  all  the  Moraceae 
are  stated  bj^  systematists  to  have  latex,  but  that  does  not  exclude  the  possi- 
bility of  laticifdrous  tubes  occurring  throughout  the  Tribe,  though  in  some  cases 
with  contents  which  are  not  milky.  In  Bentham  and  Hookor's  Gen.  Plant., 
and  in  DC.  Prodr.  the  following  genera  are  described  as  lactescent :  amongst  the 
Moreae — Bleekrodia^Taxotrophis,  MaiUardia^BroussoneUa^  AUaeatUhuSfBagassa, 
CUorophora^  Madura^  Pachytrophe  (succo  opalino),  Parairophis^  Pseudomorus^ 
Morusy  Ampalis  (succo  opalino),  Trophis,  SloeUa  and  DarsUnia ;  amongst  the 
Artocarpeae — Ficus,  Brosimum,  Lanessania,  AtUiaris,  Olmedia,  CasUUoa^ 
Perebea,  Noyera,  Artocarpus,  Sahaguniat  Clarisia,  Balanostrebus  and  Sorocea ; 
and  amongst  the  Conocephaleae — Cecropia  and  Coussapoa.  According  to  Pdppig, 
Trymaiococcus  (Morea)  has  no  latex ;  the  genera  Pseudotmedia,  Hdicostylis  and 
Batocarpus  (Artocarpeae)  are  described  as  (?)  lactescent.  According  to  Tr6cul, 
laticiferons  tubes  are  not  present  in  Conocephalus  suaveolens,  but  they  have 
been  shown  to  occur  in  the  recently  established  Artocarpeous  genus  Brosim" 
opsis,  Sp.-Moore.  According  to  Schmalhausen  and  Chauveaud,  the  initials 
of  the  laticiferons  system  in  the  Moraceae  are  found  in  the  nodal  plane  of  the 
embryo ;  they  form  two  groups,  each  composed  of  4-5  ceUs,  which  are  situated 
peripherally  in  the  central  cylinder  at  points  corresponding  to  the  depressions 
between  the  two  cotyledons.  In  the  mature  plant  they  are  present  both 
in  the  axis  and  leaf ;  those  in  the  axis  occur  in  the  pith,  primary  cortex,  pm- 
cycle  and  bast.  The  medullary  laticiferons  tubes  are  often  connected  with 
those  in  the  cortex  through  the  medidlary  rays.  Those  occurring  in  the  secon- 
dary bast  are  not  of  secondary  origin,  but  are  merely  branches  of  the  cortical 
laticiferons  system.  The  course  of  the  laticiferons  tubes  in  the  leaf  has  only 
been  examined  in  detail  in  Ficus ;  we  may  follow  Purotta  and  Marcatili,  as 
well  as  Groom  and  Scott,  in  distinguishing  two  cases.  In  some  of  the  species 
of  Ficus  (e.g.  F.  laurifolia)  the  laticiferons  tubes  are  only  found  accompanying 
the  vascular  bundles  of  the  veins  ;  in  other  species  (e.g.  F.  elasHca,  F.  reUgtosa, 
&c.)  the  main  branches  of  the  laticiferons  tubes  do  not  leave  the  vascular 
bundles  of  the  veins,  but  they  send  out  branches  into  the  mesophyll,  and  these 
sometimes  traverse  the  hypodermal  aqueous  tissue  as  far  as  the  epidermis,  or 
even  (F.  retusa)  reach  the  cuticle.  In  Ficus  Carica,  F.  dastica,  Broussondia 
papyrifera,  Madura  aurantiaca  and  Morus  mgra  the  contents  of  the  latici- 
ferous  tubes  include  large  grains,  the  nature  of  which  has  not  been  determined  ; 
these  grains  frequently  show  stratification,  which  was  first  observed  by  Camel. 
The  laticiferons  tubes  also  contain  nuclei,  according  to  Treub, 
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The  spherical  secretory  cells  with  resinous  contents  mentioned  above 
have  been  observed  by  A.  Richter  in  the  spongy  tissue  of  the  leaf  in  Ariocarpus 
communis,  Forst.  and  A.  echinaia,  Roxb.  (but  not  in  A,  integrifolia,  L.).  The 
mucilage-canals  are  probably  of  l3^igenous  origin,  and  are  found  in  the  pith  in 
species  of  Cecropia  and  in  Conocephcuus  suaveoUns  (see  also  Trdcul).  The  tanni- 
niferous  idioblasts,  which  were  described  by  Mobius  as  mucilage-cells,  have 
contents  which  are  strongly  refractive  in  the  living,  and  reddish-brown  in  the 
dry  plant ;  these  elements  are  present  in  the  palisade-tissue  (as  enlarged  cells 
of  this  tissue),  and  in  the  neijghbourhood  of  the  vascular  system  of  the  veins 
in  Ficus  australis  ( =F.  rubiginosa). 

Calcification  and  sUidfication  of  the  cell- wall  are  two  common  phenomena 
in  the  Moraceae,  and  often  accompany  one  another.  The  silicification  affects 
cells  of  the  different  tissues,  the  hairs  and  cystoUths.  The  following  cases  of 
silicification  may  be  mentioned  as  examples :  the  walls  of  the  epidermal  cells  in 
species  of  Ficus  and  Marus  are  silicified ;  so  also  are  the  walls  of  the  outermost 
cell-layer  of  the  primary  cortex  in  species  of  Ariocarpus,  Brosimum,  Coussapoa, 
Ficus,  Morus,  Pourouma,  Sorocea,  irophis  and  TrymatococcuSi  and  the  walls 
of  the  hairs  in  Ficus  \  according  to  Kohl,  the  walls  of  the  papillose  epidermal 
cells  and  of  the  trichomes  in  Dorstenia  nervosa,  Desv.  are  siUdfied  to  such  an 
extent  that  the  lumina  of  the  cells  almost  entirely  disappear.  In  the  case  of 
the  cystoliths,  silicification  sometimes  (Ficus  Sycomorus,  according  to  Miliarikis) 
affects  the  Uthoc3^ts,  and  very  frequently  the  stalk  and  the  adjacent  pjortion 
of  the  nucleus  of  the  cystohth.  In  F,  Sycomorus  moreover,  according  to 
Miliarikis,  a  siliceous  shell  may  be  formed  round  the  head  of  the  cystolith, 
thus  enclosing  it,  or  the  entire  cystoUth  may  be  impregnated  with  sihca. 

The  cystoliths,  which  have  been  chiefly  exammed  in  the  leaf,  are  inde- 
pendent in  some  cases,  whilst  in  others  they  are  hair-cystoUths.  Their  exact 
distribution  has  not  yet  been  determined.  In  Kohl's  treatise,  in  which  the  state* 
ments  of  earlier  observers  are  combined  with  his  own  observations,  c3^toliths 
are  described  as  occurring  in  Ficus,  Morus,  Broussonetia  and  CMorophora 
(Kohl's  Madura  tinctorial  CMorophora  tinctoria.  Gaud.,  non  Madura,  Nutt.) ; 
to  these  I  am  able  to  add  Conocephalus,  According  to  Payen,  cystoliths  are 
absent  in  Dorstenia.  The  cystoliths  found  in  the  leaf,  when  not  present  in 
the  haire,  are  generally  *  situated  in  epidermal  cells,  which  often  penetrate 
deeply  into  the  mesophyll,  while  the  portion  of  their  wall  reaching  the 
surlace  of  the  leaf  varies  in  area.  In  most  cases  the  cystoUths  occur  singly ; 
inore  rarely  several  of  them  are  found  in  the  same  cell ;  within  the  limits  of 
the  same  genus  (Ficus)  they  may  predominate  sometimes  on  the  upper,  some- 
times on  the  lower  side  of  the  leaf.  Only  the  independent  cystoliths  show 
typical  differentiation ;  they  are  provided  with  a  distinct  stalk  attached  to 
the  outer  wall,  exhibit  distinct  stratification,  and  sometimes  ako  show  radial 
strands,  whilst  in  the  hair-cystoUths  these  structural  features  are  more  or  less 
reduced. 

The  cystoliths  have  been  most  thoroughly  investigated  in  the  genus  Ficus  by 
Kohl  and  Mobius,  and  their  results,  which  are  based  on  the  examination  of  a  rela- 
tively small  number  of  species,  are  sufficient  to  show  what  valuable  data  will  be 
obtained  for  specific  diagnosis  when  further  investigations  are  carried  out.  The 
cystoliths  of  Ftcus  elastica  (Fig.  182,  A-B)  are  those  best  known  ;  they  are  ellipsoidal 
in  shape,  with  a  vemicose  surface,  and  occupy  large  idioblasts,  adapted  to  the 
shape  of  the  cystoliths  and  occurring  in  the  integumentary  tissue  of  the  lesu,  especially 
on  the  upper  side.  They  are  strongly  imprecated  with  carbonate  of  lime,  and 
to  some  extent  (chiefly  m  the  stalk)  with  sihca  as  well ;  in  section  (as  may  be 
specially  clearly  seen  after  decalcification)  they  exhibit  very  fine  stratification 

^  In  no  case  do  they  occur  in  the  cells  of  the  assimilatory  tissae,  but  they  are  sometimes  prefent 
in  the  parenchyma  of  the  veins  of  the  leaf. 
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about  the  end  of  the  stalk  as  a  centre,  and  an  additional  system  oi  delicate,  frequently 
tyranched  strands,  radiating  from  the  same  pdnt  and  terminating  in  the  warts. 


Fja  i8j.  a^b,  Cjitolsthior/NfO/jr/ffjrf/fli,  Rcxb. 
m^tbe  hjpodeniLal  titfqc  on  the  apper  tide  of  th« 
leaf :  i,  afteT  decaMficatioa  with  fayarocMoric  acid, 
C  Cyttoliths  and  cyffoU Lb  hairs  on  the  Tower  tide  of 
the  kaf  of  Ficus  Carica,  L.  d  e,  £frvHjsvftt/ia 
^a/^fr(/tra  Vent. :  U,  Trancversr  Kction  of  the  leiif 
wjifi  cf*tolitli*li*if«s  bracket  ^h»irt  and  erandntar 
faaJn;  K,  Cj^otith-bain  mi  tbe  opfieT  wde  of  tbe 
yotkni  le«f.~Ori£ina]> 

In  F. ' Cooper i,  especially  in  the  lower 

epidermis,  there   are   spherical   cysto- 

hths  in  which  the  stalk  is  short  and 

thick,  and  the  starface  bears  broad  flat 

warts.     The  cystoliths  on  the  upper 

side   of   the   leaf   in   F,   rdigiosa  are 

characterized   by  the   fact  that  their 

hthocysts  do  not   differ  in  size  from 

the  remaining  epidermal  cells,  and  are 

arranged  in  groups.     In  F.  Carica  the 

<:ells  containing  the  cystoliths  show  a 

tendency   to   develop   into   trie  homes 

(Fig.    182,    C).      In    the    leaf   of   this 

species  we  find  the  following  structures ; 

{a]  large,  distinctly  stalked  cystoliths 

occurring  on  the  lower  side  of^the  leaf 

in   enlarged  papillose  epidermal  cells 

provided  with  a  small  solid  hair- like 

tip;  (b)  hair-cystobths ;  and  {c)  hairs, 

oJ  which  the  upper  portion  is  filled  with 

calcified  caps  of  cellulose.     In  a  species 

which  Kom  describes  as  F,  cerasifera, 

he  found  (besides  other  types)  large  cystohths  of  an  irregular  tuberous  shape, 

tiaving  neither  warts  nor  strands.     For  further  examples  see  Kohl  and  Mdbius. 
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According  to  Bokomy;  the  cystoliths  of  F,  cordata,  Thunb.,  which-  give  rise  to 
transparent  dots  in  the  leaf,  are  not  calcified,  but  appear  to  be  subenzed,  to  jud^ 
by  the  reaction  they  give  with  iodine  and  sulphuric  acid. — ^The  cystoUths  found  in 
the  species  of  Morns  are  hemispherical  or  spherical,  and  are  provided  with  radiating 
fibres.  Their  Uthocysts  are  situated  on  the  upper  side  of  the  leaf,  and  are  of  large 
sire. — In Brousson^ia  papyrifera^Vexit,  (Fig.  182,  D-E)  the  large  Uthocysts  on  the 
upper  side  of  the  leaf  show  papillose  differentiation  ;  on  the  lower  side  hair-cysto- 
Uths  are  found.  The  large  cystoUths  on  the  upper  side  are  sometimes  produced 
by  the  fusion  of  two  or  three  cystoUth-rudiments. 

The  most  essential  points  regarding  the  hairy  covering  have  already  been 
mentioned  above.  Unicellular  bracket-hairs  are  present  in  Darstenia,  according 
to  Kohl ;  in  Artocarpus  and  Cecropia,  according  to  A.  Richter ;  and  in  Brousso* 
neHUy  according  to  my  own  observation.  The  glandular  hairs  found  in  Aniiaris, 
BroussoncUa  and  Morns  have  a  unicellular  stalk  and  a  more  or  less  distinctly 
delimited  eUipsoidal  head,  which  is  multiceUular  with  transverse  and  longitu- 
dinal division-walls.  Sinular  glandular  hairs  appear  to  occur  also  in  Cecropia 
(Richter)  iand  in  some  of  the  species  of  Ficus^  at  least  on  the  young  leaves 
(Meyer  and  Mobius) ;  in  F.  rubiginosa  glandular  hairs  have  been  found,  con- 
sisting of  a  row  of  three  cells,  of  which  the  terminal  cell  is  long  and  tubular ; 
'  F.  indica  *  has  glandular  hairs  with  a  bicellular  stalk  and  an  elongated  head^ 
divided  into  two  cells  by  a  vertical  wall  (Mobius).  The  external  glands  of 
Artocarpus  have  a  unicellular  stalk  and  a  disc-shaped  head,  divided  by  vertical 
wsdls ;  according  to  Haberlandt,  these  glands  are  hydatbodes.  The  large 
pearl-glands  of  Cecropia  and  Pourounuiy  which  were  known  to  Meyen,  remain 
to  be  described ;  it  has  been  shown  that  in  Cecropia  they  have  a  biological 
function  as  food-bodies.  Several  square  centimetres  on  the  lower  surface  of  the 
base  of  the  petiole  in  Cecropia  and  Pourouma  are  coated  by  a  velvety  brown 
covering  of  uniseriate  hairs,  amongst  which  the  pearl-glands  are  situated; 
these  glands  look  like  insects'  eggs  ;  they  fall  ofi  readily,  but  are  continually 
replaced  by  others.  They  are  ovoid  or  pear-shaped,  and  consist  of  numerous 
cells,  which  in  Cecropia  are  rich  in  proteid-matter  and  fatty  oil,  according  to 
Schimper ;  in  this  genus  a  stoma  is  situated  at  the  apex  of  the  gland.  Glandular 
leaf-teeth  havii^  a  similar  structure  to  those  of  Ulmus  (see  above)  are  found 
for  instance  in  Morus  (Reinke). 

According  to  Petit,  the  differentiation  of  the  fibrovascular  system  in  the 
petiole  is  not  of  a  uniform  type.  In  Morus  alba  the  main  system  forms  an  arc^ 
in  species  of  Ficus  and  in  CastiUoa  elastica  a  slightly  interrupted  ring,  in  BrouS" 
sonkia  papyrifera^  Madura  aurantiaca  and  Artocarpus  integrifolia  a  ring  of 
5-7  isolated  vascular  bundles,  while  in  Cecropia  peltata  the  petiole  contains 
a  still  larger  number  of  vascular  bundles  (about  30).  For  details  see  Petit^ 
loc.  cit. 

The  following  statements  may  be  made  regarding  the  structure  of  the 
wood ;  they  are  based  on  my  own  examination  of  species  of  the  genera  Sloetia^ 
Morus,  Conocephalus,  Artocarpus  and  Ficus,  and  also  on  the  statements  of 
Miller,  Hesselbarth,  Houlbert  and  A.  Richter.  The  medullary  ra}^  vary  in 
breadtih ;  in  Conocephalus  suaveolens,  Bl.  and  Ficus  indica,  L.,  they  attain 
a  breadth  of  seven  cells  even  in  herbarium-material.  The  size  of  the  lumina 
of  the  vessels  varies  greatly ;  the  perforations  are  simple.  In  contact  with 
parenchyma  the  walls  of  the  vessels  as  a  rule  bear  bordered  pits  with  transitions 
to  large  simple  pits,  but  in  Sloetia  Sideroxylon,  Te}^m.  et  Binn.  there  are 
bordered  pits  only.  Spiral  thickening  of  the  vessel-wall  has  been  met  with 
in  species  of  Morus  (chiefly  in  the  vessels  with  narrow  lumina),  in  Broussonetia 
papyrifera^  Vent.,  and  Madura  aurantiaca,  Nutt.  The  wood-prosenchyma 
always  bears  simple  pits  and  may  have  either  wide  or  narrow  lumina.  Accord^ 
ing  to  De  Bary,  a  gelatinous  thickening-layer  is  present  in  the  wood-fibres  in 
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species  of  Morus^  Broussaneiia  and  Ficus ;  septation  of  the  wood-fibres  is  found 
in  species  of  Fictts.  In  many  species  of  Ftcus^  in  Cecropia  obtusa,  Tr£c.  and 
in  specks  of  Apiocarpus,  Brnsimum  and  Streblus  the  wood-parenchyma  forms 
tangential  bands ;  uiis  is  also  the  case,  though  less  distinct,  in  Antians  and 
Btigassa. 

The  pith  is  homogeneous  in  Ficm  (Mentovich). 

The  structure  of  the  cortex  has  been  specially  examined  by  H511er  in 
species  of  Morus^  Madura^  Ficus^  Broussonetia^  Ariocarpus  and  Cecropia,  and 
by  A.  Richter  in  Antiaris.  In  these  genera  the  cork  arises  in  the  outermost 
cdl-laj^er  of  the  cortex.  The  coUenchyma  of  the  primary  cortex  is  developed 
in  various  ways.  Ariocarpus  and  Cecropia  are  characterized  by  extensive 
sclerosis  of  the  primary  cortex,  accompanied  by  a  certain  amount  of  thicken- 
ing. A  ring  of  stone-cells,  occurring  in  the  primary  cortex,  is  distinctive  of 
Morus  alba,  L.,  according  to  Holler,  and  Chlorophora  tinctoria,  Gaud.»  Cudrania 
javanensiSy  Tr6c.  and  Streblus  asper.  Lour.,  according  to  Engler.  The  pericycle 
includes  isolated  groups  of  bast-fibres,  the  individual  fibres  being  often  broad 
and  flattened  like  a  strap.  The  secondary  bast  contains  bast-fibres,  which 
vary  in  abundance  and  arrangement ;  in  some  cases  {Morus  alba,  Streblus 
asper,  according  to  Engler)  the  secondary  bast-fibres,  which  are  always 
distinguished  by  their  considerable  length,  give  rise  to  stratification  of  the 
bast.  Some  of  the  medullary  rays  of  the  bast  are  broad ;  the  sieve-tubes 
have  simple  sieve-plates  with  coarse  meshes. 

4.  Urticeae. 

The  Urticeae  are  characterized  by  the  absence  of  laticiferous  tubes  and 
the  frequent  occurrence  of  independent  C)^toliths.  Only  one  genus  (Neraudia) 
is  statra  by  Gaudichaud  to  exude  a  milky  juice,  but  this  genus  has  not  yet 
been  investigated  anatomically  *.  The  Urticeae  have  the  following  features 
in  common  with  the  rest  of  the  Urticaceae  :  the  lack  of  a  uniform  type  of  stoma ; 
the  usually  supei^cial  development  of  the  cork ;  the  simple  prorations  of 
the  vessels  ;  the  simple  pitting  of  the  wood-prosenchyma ;  the  long  bast-fibres ; 
and  the  excretion  of  oxalate  of  lime  in  the  form  of  clustered  and  solitary  crys- 
t^ '.  The  hairy  covering  consists  of  simple  unicellular  clothing  hairs,  and 
small  glandular  hairs.  As  special  forms  of  the  clothing  hairs  we  may  mention 
the  bracket-hairs  {Boehmeria,  according  to  Demeter,  Forskohlea,  according  to 
Weddell),  and  the  stinging  hairs  occurring  in  some  genera,  whilst  the  pearl- 
glands  f oimd  in  certain  species  of  Urtica  constitute  a  special  form  of  glandular 
hair.  The  internal  secretory  elements  •  known  to  occur  are  lysigenous  mucilage- 
canals  in  the  pith  and  cortex  of  Boehmeria  platyphyUa,  Don  et  Ham.  and 
Pipturus  argenteus,  Hort.  (MSller,  Engler). 

The  leaf-structure  has  hitherto  been  Uttle  investigated.  The  stomata, 
which  frequently  occur  on  both  sides  of  the  leaf,  have  no  special  subsidiary 
cdOs  in  Urtica  and  some  species  of  PUea,  while  in  other  species  of  Pilea,  and 
in  the  species  of  Boehmeria,  Elatostema  and  Pellionia  examined  by  Benecke 
there  are  three  subsidiary  cells.    The  thick  fleshy  leaves  of  PUea  serpyUifolia, 


^  ChftQTeand's  statement  ([loc.  dt.,  p.  1 19)  regarding  the  occurrence  of  laticiferous  tabes  in  the 
matue  plant  in  Urtica  dioica  is  incorrect,  and  is  probably  based  on  a  renaark  made  by  Trenb  (Aich. 
nteL,  1879),  who  mentions  'latidfties'  in  Urtica,  According  to  Gravis  (loc.  dt,  p.  19)  the 
elments  referred  to  are  merely  bast-fibres  having  rather  wide  lumina  in  which  contents  are  present. 

'  Schaarschmidt  describes  the  occurrence  of  sphaerocrystals  of  a  substance  allied  to  hesperidin 
in  alcohol  material  of  Urtica  major ;  according  to  Kallen  nndear  crystalloids  occur  in  the  bristle- 
haifs  of  Urtica  ^Mca. 

*  The  tannin-cells  described  by  Zopf  (Bibl.  bot.,  Heft  2, 1886,  p.  33  and  Tab.  ill)  in  the  stem  of 
Parigtaria  difusa  are  not  dittinct  idioblasts. 


776  URTICEAE 

Wedd.  have  stomata  only  on  the  upper  side,  where  they  occur  in  large  numbers  ; 
on  the  lower  side  the  margin  of  the  leaf  bears  hydathodes  consisting  of  a  group 
of  water-pores  with  a  subjacent  epithema  provided  with  the  termination  of 
a  vein.  Hydathodes  having  the  same  type  of  structure  are  also  found  scattered 
on  the  lower  side  of  the  leaf  in  PUea  degans^  and  are  similaiiy  distributed  on 
the  upper  side  of  the  leaf  in  Urtica  urens  and  V.  macrophyttay  Thunb. ;  on  older 
leaves  of  the  last  species  the  hydathodes  are  covered  by  small  iridescent  scales, 
composed  of  an  organic  substance,  silica,  and  carbonate  of  lime.  The  lower 
epidermis  of  the  leaf  in  PUea  serpyUifolia  consists  of  water-storing  cells  of 
great  height  and  with  wide  lumina.  Hypoderm  is  stated  by  Pfitzer  to  occur 
in  '  UrHca  crassifolia,' 

The  cystoliths  of  the  Urticeae  have  been  examined  by  Weddell.  They  are 
independent,  i.e.  they  do  not  occur  in  connexion  with  the  trichomes.  As  a  rule 
they  belong  to  the  integumentary  tissue,  but  they  also  occur  in  the  pith,  bast 
and  primary  cortex  of  the  branch.  They  are  usually  spherical,  ellipsoidal  or 
fusiform  (Fig.  183,  A) ;  other  forms  of  rare  occurrence  are  stellatdy  branched 
{PilM  stelmigera,  Wedd.).  In  those  species  which  have  fusiform  cystoUths, 
others  of  irregular  form  are  sometimes  present  in  smaller  numbers  (e.g.  bent 


Pia  183.  A,  Upper  epidermis  of  the  leaf  of  PUta  urpyttifoUm^  Wedd.  with  a  cyAolith.  B-D,  Stinginf  hair  of 
Urtiea  dicica^  L. :  B,  apper  portion  of  the  aame ;  the  shaded  part  of  the  wall  ia  calcified,  the  anshaded  part  ali- 
cified :  c.  Tip  of  the  stinging  hair  before,  and  D  after  the  head  haa  been  broken  off.— A  Original,  B  after  Kohl,  C-D 

like  a  horseshoe,  &c.).  The  stalk  of  the  C3^tolith  is  only  slightly  developed, 
or  appears  to  be  absent ;  in  many  cases  it  probably  becomes  resorbed.  In 
the  fusiform  cystoliths,  which  lie  parallel  to  the  surface  of  the  organ,  the 
stalk  is  attached  to  the  middle  of  the  cystoUth.  The  latter  sometimes  shows 
concentric  stratification  and  striation,  and  generally  has  a  siliceous  skeleton. 
In  certain  species  of  Pilea  the  body  of  the  cj^tohth  has  been  shown  to  be 
enveloped  in  a  siliceous  shell  (Miliankis),  but  this  feature  is  not  of  systematic 
value. 

In  the  dried  leaf  the  cystoliths  are  generally  visible,  according  to  their 
different  shapes,  either  as  dots  (cystolithi  punctiformes)  or  as  elongated, 
tubular  or  linear  markings  (cystoUthi  oblongi,  fusiformes,  lineares),  or  rarely 
(viz.  in  PUea  stelluligera  mentioned  above)  as  star-shaped  bodies  (cystolithi 
stellati).  These  and  other  features,  which  are  likewise  visible  with  a  lens 
(e.g.  the  occurrence  of  the  cystoUths  on  both  sides,  or  only  on  one  side  of  the 
leaf,  the  position  of  the  cystohths  with  reference  to  the  veins,  &c.),  were  employed 
for  systematic  purposes  by  Weddell  in  his  monograph  of  the  Urticeae  ;  in  the 
first  place  he  showed  that  independent  c3^toUths  occur  in  almost  all  the  genera 
included  in  his  enumeration  in  De  CandoUe's  Prodromus  (excepting  only  Laurea, 
ViUebrunea,  Debregeasia^  Roussdia^  Forskohlea  and  Didymodoxa ;    of  these 
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Laurea  is  stated  to  possess  no  cystoliths,  whilst  the  remaining  genera  have  not 
yet  been  examined  microscopically).  The  various  forms  of  cystoliths  are 
distributed  in  such  a  way  amongst  the  different  genera  of  Urticeae  that  the 
members  of  the  sub-tribes  Urereae,  Boehmerieae,  Parietarieae  and  Forskohleae 
have  chiefly  c3^tolithi  punctiformes,  while  those  of  the  sub-tribe  Procrideae 
have  for  the  most  part  cystolithi  lineares. 

Cystolithi  punctifonnes  only  are  present  in  the  following  genera  (arranged  in  the 
same  order  as  in  Weddell's  work  in  DC.  Ptodr.) :  Ohetia^  Laportea  (cystoliths  small), 
Sc&pocarpus  (cyst,  very  small),  Girardinia^  Bo$hfneria\  thamabainia^  PauMoizia, 
Memorialist  Cypholophus,  Touchardia,  SarcocMamys^  Neraudia^  Pipturus^  Leucosyke, 
MaouHa^  Phenax^  Parieiaria^  Gesnouinia,  HunisPylis,  Droguetia  and  Distemon, 
Cvstolitfai  oblongi,  lineares,  fusiformes,  &c.,  are  found  exclusively  in  the  genera 
Nanocnide,  Fleurya^  Achudemia^  Lecanthus,  Pellionia,  Elatostetna,  Procris  (cyst,  very 
small),  Helxine  and  Myriocarpa  ;  in  Myriocarpa  the  linear  C)rstoliths  radiate  from 
the  bases  of  the  hairs  and  thus  produce  a  characteristic  marlang  on  the  upper  side 
of  the  leaf.  Finally  cystoliths  of  both  forms  are  found  within  the  limits  of  the 
following  genera :  tlrtica,  Hesperocnide,  Urera^  Gyrotaenia^  Pilea  (cyst,  sometimes 
also  star-shaped  in  this  genus),  Poihilospermum  and  Australina, 

Regarding  the  hairy  covering,  the  following  statements  may  be  added. 
The  gl^dular  hairs  of  Boekmeria  and  VrHca  possess  a  unicdlular  stalk,  and 
a  head  composed  of  a  few  cells.  The  pearl-glands  found  in  Vrtica  macrophyUa, 
U.  fnacrosiachya  and  U.  pendulifhra  have  a  much  more  complicated  structure, 
according  to  Heyen  and  Penzig.  They  are  spherical  emergences  made  up  of 
an  epidermis  composed  of  small  tabular  cells  with  no  stomal  and  of  a  central 
mass  consisting  of  a  few  large  polygonal  cells  containing  abundant  protoplasm 
and  no  chlorophyll,  but  remarkably  large  quantities  of  a  fatty  body ;  the 
epidermal  cells  may  sometimes  ^ow  out  locally  into  hairs.  Stinging  hairs  are 
described  by  Weddell  as  occurrmg  in  Urtica^  JSesperocnide,  Fleuryuy  Laportea^ 
Urera,  Scefocarptis  and  Girardinia.  Those  of  Urtica  and  Laportea  have  been 
examined  m  detail  by  Haberlandt.  Their  structure,  which  is  well  known,  is  as 
follows  :  they  are  rather  long,  conical  unicellular  hairs,  the  apex  bearing  a  small 
spherical  or  ovoid  head,  which  is  obliquely  inserted,  and  readily  breaks  off,  thus 
leading  to  the  emission  of  the  contents  of  the  stinging  hair.  The  hair  is  fre- 
quently seated  on  a  multicellular  pedestal,  which  surrounds  its  base  like  a  cup,  and 
is  partly  formed  by  the  periblem.  The  nature  of  the  wall  of  the  stinging  hairs 
is  pecuUar.  The  head  and  the  neighbouring  portions  of  the  wall  of  the  hair 
are  siUcified ;  in  the  latter  (Fig.  183,  B)  the  amount  of  silicification  gradually 
decreases  downwards,  i.e.  towards  the  base  of  the  hair,  this  decrease  in  silici- 
fication being  first  shown  by  the  innermost  portions  of  the  wall  (i.e.  those 
nearest  the  Itmien  of  the  hair) ;  simultaneously  with  the  decrease  in  silicifica- 
tion calcification  begins,  and  ultimately  near  the  base  of  the  hair  silicification 
is  entirely  replaced  by  the  calcification.  Regarding  the  unequal  thickening 
of  the  wall  of  the  head,  and  the  characteristic  line  of  fracture  thus  produced, 
&c.,  see  Haberlandt  and  Fig.  183,  C-D.  Since  the  work  of  (Jorup-Bessanez 
the  irritant  causing  the  stinging  sensation  has  usually  been  stated  to  be  formic 
add ;  this,  however,  is  incorrect,  and  it  is  probably  a  substance  related  to  the 
ferments. 


'  This  opportmiity  may  be  taken  of  correcting  an  incorrect  statement  which  has  passed  from  one 
book  to  anotner.  I  refer  to  the  fusiform  cystoliths  of  a  plant  described  as  C/rtica  macrophyilay  which 
De  Banr  fi^^ires  in  his  *  Vei^Ieichende  Anatomie/  p.  ixs,  Pi^45  \  ^c*^  cystoliths  are  repiodnoed 
by  Engler  m  his  revision  of  the  Urticaceae  (in  Uie  '  NatiirL  JPflanzenfam.*)  nnder  the  synonymons 
name  Boehnuria  platyphyHa,  Don,  and  are  also  mentioned  in  Kohl's  work  (loc.  cit.,  p.  xa;).  The 
farifonn  cystoliths  in  question  do  not  belong  to  Boekmeria  platyphylla^  whidi  like  other  species  of 
Boekmeria  has  <  cystoUthi  punctifonnes*  only ;  the  material  investigated  by  De  Bary  was  incorrectly 
determined. 
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The  petiole  contains  isolated  vascular  bundles  in  the  species  investigated 
belonging  to  the  genera  Urtica^  Parieiaria  and  Boehmeria  (retit). 

The  structure  of  the  wood  and  cortex  have  hitherto  been  little  investigated. 
In  the  woody  species  the  medullary  rays  of  the  wood  are  broad  (Urera  sinuatOf 
Wedd.,  Laportea  canadensis^  Gaud.),  or  narrow  {Gesnauinia  arborea^  Gaud., 
according  to  Engler).  The  herbaceous  species  usuaUy  have  broad  medullary 
rays,  but  in  other  cases  (Urtica  dioica)  medullary  rays  are  not  present.  Demeter 
and  Herbst  state  that  in  species  of  Boehmeria  the  medtdlary  rays  are  of  excep- 
tional height. 

The  vessels  in  Urera  and  Laportea  are  mostly  isolated,  and  have  rather 
wide  lumina  (diameter  reaching  -08  nmi.).  In  contact  with  other  vessels  they 
bear  relatively  large  bordered  pits  (diameter  of  border  =  -004—007  mm.),  while 
in  contact  with  parenchyma  transitions  to  simple  pits  are  present.  The  per- 
forations of  the  vessels  are  simple  (even  in  Boehmeria  and  Urtica\  and  the 
wood-prosenchyma  bears  simple  pits.  The  xylem  of  Urtica  dioica  includes 
grou^  of  unlignified  parenchyma. 

The  cork  originates  in  the  subepidermal  layer  of  cells  in  Pouzolzia  and 
Boehmeria  (Moller),  but  at  a  considerable  depth  in  the  primary  cortex  in 
Urtica  dioica  (Gravis).  The  pericycle  contains  isolated  cproups  of  bast-fibres 
in  Pouzolzia^  Boehmeria  and  Urtica.  The  bast-fibres  in  Urtica  attain  a  length 
of  77  mm. ;  their  walls  are  silicified  (Wicke). 


Literature  :  Meyen,  Sekretionsorg.,  Berlin,  1837,  p.  46,  and  Bildnngsgesch.  etc.,  Miiller,  Arch.  d. 
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P.,  Flora  1883,  p.  356  et  seq.  and  sep.  copy,  p.  13  et  seq.—Kallen,  Protoplasma  in  Gew.  v.  C/rtica 
etc.,  Flora  1883,  pp.  65, 81  and  97  et  sea.,  Tab.  iii.— Moller,  Rindenanat.,  1883,  pp.  69-85. — Miliarikis, 
Verkiesel.  leb.  Elementarorg.,  Diss.,  Wiirzbuig,  1884,  p.  38.— Chareyre,  CystoHthes,  Revue  sc.  nat, 
Montpellier,  s^r.  3,  t  iii,  1884,  pp.  533-603 ;  abstr.  in  Bnll.  Soc.  bot.  1894,  p.  (94).— Gravis,  C/rtua 
dioica,  M^m.  cour.  des  sav.  Strang,  publ.  par  I'Acad.  roy.  de  Belgique,  t.  xlvii,  1884,  356  pp.  and 
33  pi.— Mentovich,  Mark,  Klausenburg,  1885,  Hungarian ;  abstr.  in  Just  1885,  i,  p.  789.— Pirotta  e 
Sijarcatili,  Vasi  latic.  ed  il  sist.  assim.,  Ann.  1st  bot.  di  Roma,  vol.  ii,  1885,  3  pp. ;  abstr.  in  Just 
1885,  "1  P-  793  *n<l  Bo^  Centralbl.  1886,  ii,  p.  3I3.— Solereder,  Holzstr.,  1885,  pp.  341-3.— 
Haberlandt,  Anat.  n.  Phys.  d.  pfl.  Brennh.,  Sitz.-Ber.  Wiener  Akad.,  Bd.  xciii,  Abt.  i,  1886,  p.  133 
et  seq.— Lohrer,  Wurzel,  Wiguid,  Bot  Hefte,  ii,  1887,  p.  33  et  seq.— Petit,  P^iole,  Mim.  Soc.  sc. 
phys.  et  nat  de  Bordeaux,  sdr.  3,  t  iii,  1887,  pp.  337-33  and  pi.  ii. — Volkens,  Aegypt.-arab.  Wiiste, 
1887,  p.'i44.^Schimper,  Pfl.  u.  Ameisen,  Jena,  1888,  p.  40  et  seq.  and  Tab.  ii. — [Briosi  e  Tognini, 
Anat.  comp.  della  Cannab.,  Atti  1st.  bot  university  di  Pavia,  s^.  3,  vol.  ii,  1889.] — Dehmel^ 
Milchsaftbeh.,  Diss.,  Erlangen,  1889,  P*  29.— Douliot,  in  Ann.  sc  nat,  s^.  7,  t  x,  1889,  pp.  339-30. 
^Groom,  Lattc  tubes,  Ann.  of  hot.,  vol.  iii,  1889,  pp.  163-4. — Marcatili,  Fasci  midoll.  fogl.  dei 
FiaiSy  Malpighia,  iii,  1889,  pp.  139-33.— Kohl,  ]6dks.  etc.,  1889,  pp.  113,  116,  133,  136,  332  etc. 
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and  Tab.  iv  and  viii. — Scott,  L«tic.  time  m  the  leaf,  Ann.  of  bot,  vol.  iii,  1889,  pp.  446-7. — 
Gieaeahagen,  Cyst  v.  Ficus  flasHca,  Flora  1890,  Disa.,  Marburg;  see  also  Zimmennann  and 
Giesenhapn,  in  Ber.  dentsch.  bot.  Gesellsch.  1891,  p.  17  and  74.--Gibson  and  Warharo,  Stinging 
bails  of  ^rtica  dioica^  Proceed.  JLiverpool  Biol.  Sk>c.,  vol.  iv,  pp.  91-4  and  pi.  i.^Lalanne,  Feailles 
persist.,  Act  Soc.  Linn,  de  Bordeanx,  s^r.  5,  t.  iv,  1890,  p.  63  and  pi.  iv.—Ross,  Periderma^ 
Malpighia  iv,  1890,  pp.  54-5.— J.  £.  Weiss,  Korkbild.,  Denkschr.  Regensbnrg.  bot  Gesellsch.  1890, 
sep.  copy,  pp.  54-5.-~Chaiiveaiid,  Appareil  latidfere,  Ann.  sc.  nat.,  wix.  7,  t.  xiv,  1891,  especially 
pp.  iia-io  and  pi.  7-8. — Strasbnrger,  Leitnngsbahnen,  Jena,  1891,  pp.  300-7. — Zimmermana, 
Pflanzenzelle,  3.  Heft,  i8pi,  p.  isS.—Benecke,  In  Bot.  Zdt  189a,  p.  545  and  553  et  seq.— Holznet 
and  Lermer,  Hopfen,  Zeitschr.  ges.  Branwesen,  Jahi^.  1892-5,  with  many  plates. — Honlbert,  Bois 
sec  dans  les  Apetalcs,  Thise,  Paris,  1893,  pp.  103-30. — ^Penzig,  PerldrOsen  etc.  Report  of  Conereta, 
Genoa,  1893,  P*  ^37  ^<^  '4i  ^  wq-  *°a  '^^^'  ^- — ^Priemer,  Anat.  Verb.  d.  LaubbL  d.  XJunac. 
(eioBchl.  Celtid.)  etc,  Engler,  Bot.  Tahrb.,  Bd.  xvii,  1893,  pp.  419-75  and  Tab.  z-xi ;  see  also  Sitz.- 
Ber.  schles.  bot  Gesellsch.  1893. — H.  Schenck,  Anat.  d.  Lianen,  1893,  pp.  45-7. — Engler,  in  Natiirl. 
Pflanzenfam.,  iii.  Teil,  i.  HiUfte,  Abt  i,  (1^4).  pp.  60,  67  and  100  et  seq.— Haberlandt,  Trop. 
LaubbL  i  and  ii,  Sitz.-Ber.  Wiener  Akad.,  Bd.  ciii,  Abt  i,  1894,  p.  533  et  seq.  and  Tab.  iii  and 
Bd.  dv,  Abt.  I,  1895,  p.  58  et  seq.  and  Tab.  i>ii.— Herbst,  Markstr.,  Bot  Centralbl.  1894,  i,  p.  389 
et  sea. — Chimani,  Milchrohren,  Diss.,  Bern,  1895,  PP-  3^-4^  ^^  i°  ^^  Centralbl.  1895,  i'^Kny, 
Lupulindriisen,  Text  z.  bot.  Wi^ndtaf.  xd,  1895,  pp.  5-8.— A.  Richter,  Z.  Anat  d.  Artocarp.,  Mathe- 
matikai  ii  tenn^szetndomiuiyi  Ertesito,  Budapest,  1895,  pp.  388-98,  and  Ctu/rania,  Plecosptrmum  lu 
Cardkgyne,  Termeszetrajzi  Fiizetdc  18^5,  pp.  394-307  and  3  Tab.~Spenoer  Moore,  Matto  Grosso 
Expedition,  Transact.  Linn.  Soc,  vol.  iv,  part  3,  1895,  p.  474  and  pi.  39.— Pfitzer  and  Ad.  Meyer, 
Blnten-  u.  Frnchtst.  von  Artacarpus,  Ber.  dentsch.  bot.  Gesellsch.  1896,  pp.  53-3. — A.  Richter, 
AMtiaris  n.  Artocar6us,  Math.  u.  natonv.  Ber.  aus  Ungam,  Bd.  xiii,  1896,  pp.  128-143  aAd  Tab.  iii. 
— Viichow,  Blattzahne,  Archiv  d.  Pharm.  1896,  sep.  copy,  p.  53. — Wittlin,  Kalkoxalattasch.,  Bot 
Centralbl.  1896,  iii,  p.  67.— [Yasada,  Cystoliths,  Bot.  Magazine  Tokyo  1896.]— Knhla,  Phelloderm, 
Bot  Centralbl.  1897,  iii,  p.  164.— Mobins,  Anat.  d.  Fuus-BL^  Ber.  Senckenberg.  Gesellsch.  1897, 
pp.  117-38  and  Tab.  ii-iu.— A.  Richter,  Blattstr.  v.  CecrMa^  Bibl.  hot.,  14.  Heft,  1898.— [Buttner, 
Cfoitex  Mnmr^,  Diss.,  Erlangen,  1896,  31  pp.— Brioai  e  Tognini,  Anat  della  Canopa^  Parte  sec. : 
Org.  v^et.,  Atti  dell'  Tst.  bot.  della  Univ.  di  Pavia,  s^r.  3,  vol  iv,  p.  175  et  seq.,  36  tav.,  see  Bot. 
Centralbl.,  Beiblatt,  Bd.  viii,  1898,  p.  37.— Engler,  Moraoeae,  in  Engler,  Monogr.  afr.  Pfl.-Fam.  a. 
•Gatt,  Ldpiig,  1898,  p.  8  and  38  et  seq.] 

Appendix  :   Tribe  VIII,  Thelygoneae. 

It  is  best  to  separate  the  monotypic  genus  Thelygonum  from  the  Urticaceae 
as  a  distinct  Order,  as  was  done  by  Ponlsen.  This  genus  is  essentially  distinguished 
from  the  Urticaceae  in  its  anatomy  by  the  presence  of  bundles  of  raphides. 

The  structure  of  the  leaf  is  bifacial.  On  both  sides  of  the  leaf  the  epidermis 
bears  stomata,  but  on  the  upper  side  they  are  only  present  in  small  numbers.  The 
stomata  are  accompanied  on  either  side  by  one  or  more  subsidiary  cells,  placed 
parallel  to  the  pore.  The  upper  epidermis  of  the  leaf  contains  cmorophyll  and 
tannin,  and  is  composed  of  ceUs,  which  are  not  so  strongly  undulated  as  those  of 
the  lower  epidernus.  At  the  upper  end  of  the  petiole  the  fibrovascular  system 
consists  of  isolated  vascular  bundles  (Petit). 

Poulsen  makes  the  following  statements  regarding  the  structure  of  the  stem. 
The  epidermis  consists  of  small  cells  and  bears  unicellular  hairs.  The  cortex  con- 
tains no  collenchyma,  and  is  separated  by  a  distinct  endodermis  from  the  pericycle 
and  the  vascular  ring. 

In  addition  to  the  unicellular  trichomes  just  mentioned,  colleters  with  a  secretory 
palisade-like  epidermis  are  met  with  on  the  young  or  ans  of  Thelygonum  (Balicka* 
Iwanowska). 

Ltteratnie :  Petit,  Petiole,  Act.  Soc.  Linn,  de  Bordeaux,  t  43,  1880,  p.  16.— Poulsen,  in  NatiirL 
Pflanxenfam.,  iii.  Teil,  Abt.  1  a,  1893,  p.  133.— Balicka-Iwanowska,  Thelygonum  Cymorambe,  Flora 
»897»  PP-  365-6. 

PLATANACEAE. 

A  whole  series  of  anatomical  features  characterize  this  Order,  which  con- 
sists of  the  single  genus  PUUanus.  Of  these  we  may  mention  :  the  simultaneous 
occurrence  of  simple  and  scalariform  perforations,  the  latter  with  1-12  bars ; 
the  broad  primary  medullary  rays  in  the  xylem  and  bast  of  the  vascular  ring ; 
the  bordered  pitting  of  the  wood-prosenchyma ;   the  occurrence  of  sclerotic 
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parenchyma  in  place  of  secondary  bard  bast ;  tbe  subepidermal  origin  of 
the  cork ;  the  absence  of  a  special  type  of  stoma  \  and  the  characteristic 
hairy  covering,  composed  of  candelabra-hairs,  and  accompanied  by  glandular 
hairs  with  unicellular  glandular  heads.  Oxalate  of  lime  occurs  in  the  form 
of  clustered  and  solitary  crystals.    Internal  glands  are  absent. 

The  following  statements  may  be  made  re^ardingthe  anatomy  of  the  leaf. 
In  the  investigated  species  (e.g.  P.  occidenialts,  L.,  P.  mexicana,  Moric,  &c.) 
the  leaves  have  centric  structure.  On  both  sides  there  is  a  single  layer  of  paU- 
sade-tissue,  the  cells  of  which  are  considerably  less  elongated  on  the  lower 
than  on  the  upper  side  of  the  leaf.  The  vascular  bundles  of  the  larger  veins 
are  provided  with  a  ring  of  sclerenchyma  in  P.  occidenialis,  L. ;  the  smaller 
veins  are  vertically  transcurrent  on  both  sides  by  means  of  lignified  tissue, 
having  rather  wide  lumina,  and  extending  as  far  as  the  epidermis.  The  guard- 
cells  of  the  stomata  lie  on  a  somewhat  higher  level  than  the  adjacent  cells, 
the  stoma  being  surrounded  bv  a  rather  large  number  of  these  cells  showing 
no  special  arrangement.  In  P.  ocddentalis  stomata  are  also  found  in  small 
numbers  on  the  upper  side  of  the  leaf.    A  nimiber  of  water-pores  have  been 

observed  on  the  tips  of  the  leaf -teeth 
in  P.  ocddentalis.  Oxalate  of  lime  is 
excreted  in  the  veins  of  the  leaf,  chiefly 
in  the  form  of  clustered  crystals.  The 
dense  woolly  covering  of  hairs,  which 
is  foimd  on  the  young  organs,  but 
subsequently  falls  off  (peisistent  on  the 
lower  side  of  the  leaf  in  the  South 
American  species),  is  of  a  very  peculiar 
type.  It  consists  of  candelabra-hairs, 
in  which  the  main  axis  is  formed  by 
a  row  of  cells,  short  at  the  base,  but 
longer  in  the  upper  part  of  the  tri- 
chome;  at  the  points  at  which  the 
transverse  walls  of  this  main  axis  are 
situated,  whorls  of  3-5  unicellular  rays 
are  inserted.  The  form  of  hair  just 
^Z'^^'^j;^^''^^^^-^^''''^^^^''*'^''^^^    described  is  the   normal   type,   but 

numerous  modifications  occur ;  reduc- 
tion in  the  branching  is  very  common,  especially  in  the  hairs  on  the  sepak  and 
on  the  ovary,  where  one  sometimes  finds  a  certain  number  of  simple  uniseriate 
trichomes,  composed  of  long  cells  and  only  provided  with  an  occasional  lateral 
branch.  The  pecidiar  hairy  covering  is  also  noteworthy  from  a  hygienic 
standpoint,  since,  owing  to  the  large  numbers  of  these  hairs  falling  off  at  the 
same  time,  they  have  an  annoying  inflanmiatory  effect  on  the  mucous  mem- 
branes (for  details  see  Morren  and  Drude).  JBesides  these  clothing  hairs 
glandular  hairs  are  also  present.  According  to  my  investigations  the  glandular 
hairs  situated  on  the  surface  of  the  leaf  in  P.  orietUdUs^  L.  and  P.  occidenialis^  L. 
consist  of  a  short  stalk-cell  seated  on  the  epidermis,  and  a  spherical  terminal 
cell.  Niedenzu  figures  similar  capitate  glands  with  a  rather  long,  uniseriate 
stalk  in  P.  ocddentalis  var.  hispanica,  Wesmael.  According  to  Hanstein 
the  glandular  hairs  are  sometimes  (P.  acerifolia)  combined  with  the  clothing 
hairs,  some  of  the  branches  of  the  latter  bearing  glandular  heads. 

The  structure  of  the  petiole  has  been  examined  in  detail  by  Petit  in  Plata- 
mis  ouidentalis.  The  course  of  the  petiolar  vascular  system  is  very  com- 
pUcated ;  this  is  chiefly  due  to  the  weOl-known  fact  that  the  basal  portion  of 
the  petiole  has  an  internal  conical  cavity,  and  encloses  the  axillary  bud.  For 
details  the  reader  is  referred  to  the  statements  of  Petit  and  Niedenzu,  but  the 


PLATAN ACEAE  781 

following  points  may  be  mentioned  here.  A  transverse  section  through  the 
base  of  the  petiole  shows  the  central  wide  cavity  (enclosing  the  axillary  bud), 
while  the  wall  of  the  latter  contains  a  rather  large  number  of  vascular  systems, 
some  of  which  consist  of  rings  of  vascular  bundles.  At  the  apex  of  the  petiole 
the  fibrovascular  system  is  composed  of  three  arc-shaped  or  circular  S3^tems, 
placed  one  above  the  other.  According  to  De  Bary,  only  some  of  the  vascular 
strands  found  in  the  stipules  (viz.  those  in  the  two  larger  veins)  are  branches 
of  the  leaf-trace ;  the  remaining  vascular  bundles  of  the  stipules  pass  inde- 
pendently into  the  ring  of  bundles  in  the  axis. 

To  tiie  statements  made  above  regarding  the  structure  of  the  wood,  we 
may  add  that  the  vessels  have  lumina  of  an  average  size  of  •03—04  mm.,  and 
that  the  wood-parenchyma  is  scantily  developed. 

The  pith  is  homogeneous  and  consists  of  active  cells  with  thick  waUs 
(Oris '). 

We  may  now  deal  with  the  structure  of  the  cortex.  The  pericycle  con- 
tains massive  groups  of  primary  bast-fibres,  united  by  stone-cells  (having 
rather  wide  lumina)  to  form  a  composite  and  continuous  ring  of  sclerenchyma, 
which  is  developed  even  in  branches  from  herbarium-material  (P.  occidentalis 
and  P.  arientalis) ;  the  primary  medullary  rays  of  the  cortex,  which  separate 
the  groups  of  soft  bast  belonging  to  the  individual  vascular  bundles  from  one 
another,  also  become  sclerosed,  even  in  thin  branches  ;  in  the  latter  sclerosis  is 
also  to  be  seen  in  the  priniary  cortical  parenchyma.  Subsequently  sclerosis 
becomes  still  more  general  in  the  tissues  of  the  cortex,  and  especially  in  those 
of  the  bast.  The  secondary  cortex  then  exhibits  stratification,  broad  layers 
of  sclerotic  parench3n]ia  alternating  with  narrow  bands  of  thick-waJIed,  but 
unlignified  parenchymatous  cells,  and  narrow  strands  of  sieve  tubes  (MoUer). 
The  sclerotic  medimary  rays  of  the  cortex  also  penetrate  in  a  characteristic 
manner  into  the  medullary  rays  of  the  wood  as  short  vertical  ridges.  The 
stone-cells  .never  have  greatly  thickened  walls  or  narrow  lumina,  but  are 
distinguished  by  the  relatively  slight  thickening  of  their  walls.  The  cork  has 
been  shown  to  or^;inate  in  the  outermost  cell-layer  of  the  cortex  in  P.  orientalis 
and  P.  occidentalis ;  its  cells  have  thick  walls  and  rather  wide  lumina.  As  is 
well  known  the  formation  of  scale-bark  subsequently  takes  place.  The  layer 
of  cork  cutting  off  a  scale  of  bark  is  only  a  few  layers  of  cells  in  thickness ; 
its  outer  portion  consists  of  thin-walled  cells,  its  inner  portion  of  cells  with 
thick  yellow  walls  ;  by  the  tearing  of  the  thin-walled  cells,  the  exfoliation  of 
the  scale  of  bark  is  brought  about,  while  the  thick-walled  layer  remains  as 
a  smooth  covering  for  the  living  cortical  tissue,  until  the  next  exfohation  takes 
place.  Oxalate  of  Ume  is  found  in  the  cortex,  chiefly  in  the  form  of  solitary 
oystals. 

liteTatnre:  Moiren,  Dnvet  du  Platane,  Ball.  Acad.  roy.  de  Brnxelles,  t.  iv,  1837,  8  pp.  and 
Tab.— Hanstein,  Harz-  a.  Schleimabs.,  Bot  Zeit  1868,  pp.  7419^51  and  Tab.  ziL^Gris,  Moelle, 
NoQT.  Arch.  Mas.  d'hist  nat,  t  vi,  1870,  p.  267  and  pi.  xw, — MoUer,  Holxanat.,  Denkschr.  Wiener 
Akad.  1876,  p.  33  and  sap.—De  Bary,  Vergh  Anat,  1877.— Hesadbarth,  Vergl.  Anat.  d.  Holzes, 
Din.,  Leip^,  1879,  pp.  57-8. — Moller,  Rindenanat,  1882,  pp.  85-7. — Solereder,  Holzstr.,  1885, 
V.  243. — Petit,  P^ole,  Mem.  Soc  sc.  phys.  de  Bordeaux,  s^r.  3,  t.  iii,  1887,  PP-  350-3  and  pi.  iii. — 
bmde,  Haar61z  d.  Platanenbl.  etc.,  Gartenflora  1889,  p.  3^3.— Ron,  Periderma,  Malpighia,  vol.  !▼, 
1890-1,  p.  loa.— NiedenzQ,  in  Natiirl.  Pflanzen&m.,  iii.  Teil,  Abt.  a  a,  189T,  pp.  137-8.— Houlbert, 
Bois  sec.  dans  les  Apiitales,  Th^,  Paris,  1893,  pp.  154-6.— Virchow,  Blattzaline,  Arch.  d.  Pharm. 
1896,  p.  63.— Knbla,  Phellodenn,  Bot.  Centialbl.  1897,  iii,  p.  165. 


^  I  did  not  find  the  concentric  bundles,  stated  by  Niedenzn  to  occur  at  the  periphery  of  the 
pith  in  P,  occidifiiaHs  and  P.  orientalis*  Ponibly  the  structures  interpreted  as  concentric  medullary 
bundles  l^  NiedeDsa  may  be  the  protoxylera-gronps  of  the  vascular  bundles  together  with  the  groups 
of  sdoenchyma  situated  opposite  them  on  the  inner  side. 
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This  Order  consists  of  the  single  genus  Leitneria^  which  in  its  anatomical 
features  recalls  the  Dipterocarpeae  and  to  some  extent  the  Balsamifluae  also ; 
it  has  likewise  been  regarded  as  related  to  these  two  Orders  on  account  of  its 
exomprphic  features.  Leitneria^  like  the  Balsamifluae  and  Dipterocarpeae, 
has  secretory  canals  situated  just  at  the  margin  of  the  pith  ;  the  structure  of 
the  secondary  cortex  is  the  same  as  in  the  Dipterocarpeae,  viz.  broad  primary 
cortical  medullary  T^ys,  which  are  enlarged  outwards  in  the  form  of  wedges, 
while  the  intervening  portions  of  bast  become  correspondingly  narrowed  ex- 
ternally, and  exhibit  distinct  stratification  into  hard  and  soft  bast.  The  details 
of  the  anatomical  features  of  Leitneria  floridana^  Chapm.  are  as  follows : 

In  the  interior  of  the  branch  there  is  a  pith  composed  of  isodiametric 
polygonal  cells.  At  the  margin  of  the  pith  the  cells  become  smaller,  and  it  is 
m  tins  small-ceUed  tissue  that  the  bal8am*canals  run  ;  they  are  situated  in 
such  close  proximity  to  the  primary  xylem-groups  of  the  vascular  ring  that 
Van  Tieghem  and  Lecomte,  who  were  the  first  to  observe  them,  originally 
regarded  them  as  belonging  to  the  primary  wood.  A  transverse  section 
of  the  branch  shows  one  or  two  dozen  of  these  secretory  canals,  each 
lined  bj[  a  single  layer  of  epithelial  cells,  which  project  somewhat  as  papillae. 
The  resin  is  yj^ow  and  brittle ;  it  is  insoluble  in  water,  but  readily  soluble 
in  alcohol.  The  wood  is  distinguished  by  its  exceptional  lightness  and  its 
spongy  character,  thus  recalling  the  well-known  Tupelo-wood;  LeUnetia 
inhabits  t^e  same  marshy  habitat  as  the  plants  from  which  this  wood  is  derived 
(species  of  Nyssa).  The  medullary  rays  of  the  wood  are  narrow,  being  either 
one  or  two  cells  in  breadth  ;  none  of  the  cells  of  the  medullary  rays  are  elongated 
to  any  considerable  extent  in  the  vertical  direction.  The  vessels  attain  a  dia- 
meter of  '05—09  mm.,  and  have  simple  perforations ;  in  contact  with  one 
another  they  bear  bordered  pits,  but  in  contact  with  parenchyma  of  the  medul- 
lary rays  they  have  large  simple  pits ;  these  together  sometimes  resemble 
scalariform  perforations.  The  wood-parenchyma  is  not  abundant,  and  is 
only  present  in  the  neighbourhood  of  the  vessels.  The  vessels  are  accompanied 
by  tracheides  with  spirally  thickened  walls,  whilst  the  ground-mass  of  the  wood 
is  composed  of  wood-fibres  with  wide  lumina  and  simple  pits.  There  are  no 
secretory  canals  in  the  wood.  The  cortex  is  rich  in  tannin,  and,  hke  the  wood, 
is  devoid  of  resin-canals.  In  the  secondary  cortex,  as  stated  above,  the  groups 
of  bast  belonging  to  the  vascular  ring  become  narrower  outwards  in  the  form 
of  wedges,  while  the  primary  medullary  rays  between  them  become  correspond- 
ingly broader  outwards.  The  groups  of  phloem  are  stratified  into  hard  and 
soft  bast.  The  hard  bast  in  Leitneria  is  composed  of  bast-fibres  with  very 
wide  lumina,  exceeding  those  of  the  elements  of  the  bast-parenchmya  ;  the 
pericycUc  hard  bast  alone  is  composed  of  cells  with  thicker  walk.  Tne  outer 
portion  of  the  primary  cortex  is  coUenchymatous.  Cortical  vascular  bundles 
are  not  present  (a  point  of  distinction  from  the  Dipterocarpeae).  The  cork 
arises  immediately  beneath  the  epidermis,  and  consists  of  low  cells. 

The  leaf  of  Leitneria  fioridana  has  bifacial  structure.  The  stomata  are 
not  depressed.  Beneath  the  upper  epidermis  of  the  leaf  there  is  a  hypoderm  of 
several  layers,  containing  clustered  crystals ;  the  latter,  it  may  be  added,  are 
also  met  with  in  the  pith  and  bast  of  the  branch,  and  in  the  petiole.  Two  kinds 
of  trichomes  occur :  viz.  simple  uniseriate  hau-s  with  an  often  bulbous  base, 
two  of  these  hairs  being  occasionally  sunk  in  the  epidermis  side  by  side  ;  and 
club-shaped  glandular  hairs,  in  which  the  biseriate  stalk  is  only  slightly  marked 
off  from  the  multicellular  clavate  head. 

Three  vascular  bundles  pass  out  from  the  branch  into  each  leaf.  They 
soon  unite  to  form  a  ring,  the  secretory  canals  here  also  being  situated  at 
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the  margin  of  the  pith  thus  formed.  In  the  leaf  the  secretory  canals  run  in 
a  similar  position  (on  the  upper  side  of  the  xylem),  and  are  continued  into 
the  finest  veins.    There  are  no  balsam-canals  in  the  root. 

In  concluding  the  description  of  this  Order  we  may  add  the  following  remark. 
The  anomalous  genus  Dtdymiles^  which  is  indigenous  in  Madagascar,  and  is  referred 
to  the  Leitnerieae  by  BaUlon,  has  no  secretory  canals,  according  to  Lecomte  and 
Van  Tieghem ;  in  the  structure  of  its  leaf  (occurrence  of  sclerenchymatous  fibres 
in  the  parenchyma  of  the  petiole  and  in  the  mesophyll)  Didymeles  may  perhaps  be 
classed  with  the  Temstroemiaceae. 

Literature :  Van  Tieehem  et  Leoomte,  Struct  et  afif.  da  LeitmHa,  BnlL  Soc.  bot.  de  France 
i8«6,  -  -     T^.    -         -     -  .     .     __  _ 

fnui9.  ] 

P-  »75  .  .  .       . 

pL  30-44. — ^Engler,  in  Naturl.  Pflanxenfiun.,  Nachtr.  n.  Reg.  zn  Tdl  ii-iv,  1897,  P>  117. 
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This  Order  is  well  characterized  anatomically.  One  of  the  most  distinctive 
features  is  the  occurrence  of  peltate  glands  in  all  the  species ;  the  glands 
vary  in  size.  The  absimce  of  resin-canals  distinguishes  this  Order  from 
the  Anacardiaceae»  with  which  an  affinity  has  repeatedly  been  suggested. 
The  following  features  are  noteworthy :  in  the  structure  of  the  leaf,  the 
stomata  are  surrounded  by  several  ordinary  epidermal  cells  exhibiting  no 
special  arrangement ;  in  the  structure  of  the  wood,  the  medullary  vzys  are 
not  broad,  the  perforations  of  the  vessels  are  mostly  simple,  and  the  wood- 
parench3ana  is  rather  abundant ;  in  the  structure  of  the  cortex,  the  develop- 
ment of  periderm  takes  place  superficially,  isolated  groups  of  primary  hard 
bast  are  usually  present  in  the  pericycle  {CaryUy  Engdhardtta,  PUUycatya  and 
Ptefocafya)^  or  a  composite  sclerenchymatous  ring  occurs  in  the  same  position 
ijuglans)^  and  secondary  hard  bast  is  abundant.  Septation  of  the  pith  (without 
sclerosis),  setting  in  at  an  early  stage,  is  characteristic  of  the  two  very  closely 
allied  genera  Juglans  and  Pterocarya.  The  hairy  covering,  apart  from  the 
peltate  glands  already  mentioned,  consists  of  simple  unicellular  hairs,  a  number 
of  which  are  occasionally  sunk  side  by  side  in  the  epidermis,  thus  forming 
tufted  hairs.  Oxalate  of  lime  is  found  chiefly  in  the  form  of  clustered  crystals, 
but  ordinary  solitary  crystals  also  occur. 

I  made  a  general  comparative  examination  of  the  structure  of  the  leaf 
and  the  hairy  covering  in  Juglans  regia,  L.,  Carya  iometUosa,  Nutt.,  Engdhardiia 
spicata^  Bl.,  Plafycarya  strobUacea,  S.  et  Z.  and  Pterocarya  sarbifoUa,  S.  et  Z. 
To  the  statements  made  above  regarding  the  stomata  we  may  add  that 
stomata  of  two  sizes  frequently  occur  on  the  same  leaf-surface,  and  that, 
in  the  species  which  I  examined,  the  stomata  are  restricted  to  the  lower 
side.  In  most  cases  oxalate  of  lime  is  only  present  in  the  leaf  in  the  form 
of  clustered  crystals ;  the  veins  in  Plaiycarya  strobilacea  alone  contain  solitary 
crystals  besides  numerous  clustered  crystals.  In  the  mesophyll  of  Plaiycarya 
sfy^obilacea  large  clustered  crystals  are  present ;  and  according  to  Radlkof er, 
the  same  is  the  case  in  Carya  parcina,  Nutt.,  where  the  crystals  give  rise  to 
transparent  dots.  In  all  the  species  the  peltate  glands  attain  a  moderate 
size ;  the  short,  unicellular  or  uniseriate  stalk  consists  of  cells  with  yellow 
walls  ;  the  shield  has  an  entire  margin  and  is  composed  of  a  varying  number 
of  ray-cells,  which  have  thin  walls,  and  become  somewhat  broader  externally, 
in  accordance  with  the  form  of  the  shield.  In  Carya  tometUosa  the  large  peltate 
glands  are  accompanied  by  others  of  smaller  size  but  having  the  same  structure  ; 
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Juglans  regia  and  Pterocarya  sorhifoHa^  besides  having  large  glands,  have  others 
with  a  very  small  shield,  divided  into  four  cells  by  two  vertical  walls  arranged 
as  an  orthogonal  cross  ^  The  glandular  hairs  in  Engelhardtia  spicata  are 
accompanied  by  simple  unicellular  hairs,  and  in  Pterocarya  sorbifolia  by  (a) 
simple  straight  unicellular  hairs,  which  have  pointed  apices,  and  a  bulbous 
swollen  base,  and  are  provided  with  subsidiary  cells,  and  (6)  long  narrow, 
somewhat  curly  unicellular  trichomes  with  thick  walls,  a  few  of  these  hairs 
being  sometimes  sunk  in  the  epidermis  side  by  side ;  finaJly  in  Carya  tomentosa^ 
besides  glandular  hairs  there  are  tufted  hairs,  composed  of  a  group  of  stif!> 
unicellular,  sclerenchymatous  trichomes. 

Accordmg  to  Petit,  the  basal  portion  of  the  petiole  in  Juglans^  Carya^ 
Pterocarya  and  Platycarya  contains  a  closed  fibrovascular  system,  triangular 
in  outline.  Higher  up  in  the  petiole  vascular  bundles  branch  off  from  this 
system,  and  in  the  characteristic  region  form  a  straight  row  of  inversely  orien- 
tated bundles,  i.e.  with  bast  above  (Juglans),  or  one  or  more  rings  of  wood 
and  bast,  on  the  upper  side  of  the  annular  closed  principal  system.  No  scleren- 
chyma  accompanies  the  fibrovascular  system.  According  to  C.  de  Candolle 
the  petiole  of  Engelhardtia  has  a  structtu'e  similar  to  that  of 
JuglanSy  &c. 

The  structure  of  the  wood  has  been  examined  by  me  in 
numerous  species  of  the  five  genera  forming  the  Order.  The 
medullary  ravs  are  narrow,  from  one  to  three  cells  in  breadth ; 
solitary  or  clustered  crystals  are  sometimes  (Carya,  Engel- 
hardtia) found  in  the  medullary  rays,  and  are  contained  in 
ellipsoidal  and  swollen,  or  in  transversely  septate  cells.  The 
vessels  as  a  rule  have  simple  perforations.  Scalariform  perfora- 
tions with  a  rather  small  number  of  bars  have  only  been 
observed  in  the  primary  wood  in  Carya  aquatica^  Nutt.,  and  in 
relatively  small  numbers  in  the  secondary  wood  in  all  investi- 
gated species  of  Engelhardtia.  In  contact  with  parenchyma 
Fig.  185.  Branch  the  vessels  bear  simple  pits,  sometimes  with  transitions  to 
«Mto?^Z*Bfcy!i  bordered  pits.  The  genus  Carya  is  specially  characterized  by 
cataoutoahowtii'e  the  thick  walls  of  the  pitted  vessels  (principally  in  the  autunm 
!!griS?n«?****'^****  wood),  and  the  genus  Platycarya  by  the  spiral  thickening  of 
the  walls  of  the  pitted  vessels  and  tracheides.  Wood-paren- 
chjnmia  is  abundant.  The  wood-prosenchyma  bears  simple  pits  in  Carya,  while 
in  the  remaining  genera  the  pits  have  a  distinct  border,  which  is  smaller  than 
the  pore. 

The  structure  of  the  cortex  has  been  examined  by  Moller  in  Juglans  regia, 
L-»  /•  ^ig^^f  L.,  Carya  alba,  Nutt.,  C.  amara,  Nutt.,  and  by  me  in  Engelhardtia 
parvifolia,  C.  DC,  Platycarya  strobilacea,  S.  et  Z.  and  Pterocarya  rhoifolia,  S. 
et  Z.  The  formation  of  cork  takes  place  in  the  subepidermal  cell-layer  in 
Carya,  Juglans,  Pterocarya  and  Engelhardtia.  The  cells  of  the  cork  either  have 
thin  walls  and  rather  wide  lumina,  or  they  have  thick  walls  and  are  flat.  The 
primary  cortex  is  frequently  collenchymatous,  and  often  (e.g.  Pterocarya 
rhoifolia)  contains  a  very  considerable  number  of  clustered  crystals,  which  are 
visible  even  with  the  naked  eye,  since  they  ^ve  a  white  colour  to  the  transverse 
section.  In  all  cases  the  pericycle  contains  massive  groups  of  bast-fibres, 
which  in  Juglans  are  united  by  a  small  number  of  stone  cells  so  as  to  form 
a  ring.    The  medullary  rays  of  the  bast  show  considerable  broadening  towards 


^  The  teeth  on  the  margin  of  the  leaf  also  have  a  glandnlar  nature  in  some  cases  {^Juglans 
cinerea  and  Pterocarya).  They  include  the  termination  of  a  vein,  mncilage-containing  cells,  and 
clustered  crystals ;  and  the  apex  of  the  tooth  bears  a  few  stomata  (see  Reinke,  in  Pringsheim*s  Jahrb., 
Bd.  X,  1876,  p.  167). 
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the  exterior  in  Engdhardiia  only^  and  in  this  genus  the  appearance  of  the  bast 
in  transverse  section  recalls  that  of  the  lime.  Secondary  nard  bast  is  present 
in  all  cases,  and  sometimes  gives  rise  to  distinct  stratification  of  the  bast.  The 
soft  bast  contains  numerous  clustered  crystals;  more  rarely  {JuglanSf  Cofya^ 
EngdkardUa)  sohtary  crystals  are  also  present,  the  latter  showing  a  somewhat 
prismatic  elongation  in  the  bast  of  Carya  anuara.  Regarding  the  structure  of 
the  pith  it  has  already  been  pointed  out  above  that  septation  of  the  pith  without 
sclerosis  occurs  in  Jtfglans  and  Pterocarya  (Fig.  185)  only.  According  to  Gris, 
the  diaphragms  consist  of  cells  which  are  generally  empty  or  contain  clustered 
crystals,  while  the  peripheral  portion  of  the  pith  is  formed  by  active  cells  with 
thick  walls.    The  non-septate  pith  of  Carya  atnara  is  also  heterogeneous. 

Literatnie :  Gris,  Moelle,  Noqt.  Arch.  Mns.  d*hist  nat.,  t  yi,  1870^  pp.  277-8  and  pi.  zinii.— 
MolkTy  Hokanat,  Dcnkacfar.  Wiener  Akad«  1876,  pp.  94-6  and  39a— -C.  de  CandoUe,  Anat  oomp. 
de  la  fenilley  M6b.  Soc  phys.  et  hist  nat.  de  Ge^re  1879,  p.  477  et  teq. — ^MoUer,  Rindenanat,  i88a, 
pp.  308-1  a. — Solereder,  Holzstr.,  1885,  pp.  243-6. — O.  Bachmann,  Scnildh.,  Flora  1886.  sep.  copy, 
pp.  17-18.— Radlkofer,  hi  Sitx.-Ber.  Mimch.  Akad.  i886»  pp.  338-9.— Petit,  P^ole,  Mem.  Soc.  sc. 
wiys.  et  nat.  de  Bordeaux,  s6r.  iii,  t.  3,  1887,  pp.  249-50  and  pL  ii ;  and  Act.  Soc.  Liim.  de 
Andeanx,  t.  43,  1889,  p.  la  and  pL  iL— J.  £.  Weiss,  KoricUld.,  Dcnkscfar.  Kegensbni]^.  bot. 
GeaeUsch.  1890^  p.  54.^HoDlbert,  £ois  sec  dans  let  Ap^tales,  Tbise,  Piuis,  1893,  pp.  15<M^— 
Engkr,  m  NattirL  Pflanzenfam.,  iii.  Tdl,  Abt.  i  (1894},  p.  ai^— F.  Schneider,  Eiche,  Forstl-natnrw. 
Zdtschr.  1896,  p.  4ai  et  seq.— Knhla,  Phellodenn,  BoL  CentralbL  1897,  iii,  p.  115. 

MYRICACEAE. 

The  characteristic  anatomical  features  of  this  Order,  which  includes  the 
single  genus  Myrica,  are  as  follows :  large  peltate  glands ;  vertical  trans- 
currence  of  the  smaller  veins  in  the  leaf ;  absence  of  a  characteristic  stomatal 
apparatus ;  narrow  medullary  raj^  in  the  wood ;  tendency  to  form  scalarif orm 
perforations  in  the  vessels,  which  never  have  specially  wide  lumina ;  wood- 
pTosenchyma  with  bordered  pits ;  tendency  to  form  a  composite  and  con- 
tinuous ring  of  sclerenchyma  in  the  pericycle ' ;  superficial  formation  of  cork. 
Oxalate  of  nme  occurs  in  the  form  of  clustered  and  solitary  crystals.  Besides 
the  peltate  glands  simple  unicellular  hairs  are  present. 

The  structure  of  tne  leaf  in  the  species  of  Myrica  has  hitherto  been  little 
investigated.  In  Myrica  Gale^  L.  I  found  it  to  be  almost  centric,  owing  to  the 
palisade-Uke  differentiation  of  the  lowest  layer  of  the  spongy  tissue ;  in  Af . 
tnicrocarpa,  Benth.  the  leaf -structure  is  bifacial.  The  stomata  are  found  only 
on  the  lower  surface  of  the  leaf,  and  are  surrounded  by  a  number  of  adjacent 
cells.  In  Af .  Gale  the  cells  of  the  lower  epidermis  are  papillose,  especially  the 
cells  adjoining  the  stomata.  The  vascular  systems  in  the  midrib  are  provided 
with  arcs  of  sclerenchyma ;  in  the  smaller  veins  the  vascular  system  is  con- 
nected with  both  the  upper  and  lower  epidermis  by  special  layers  of  elongated 
cells  with  wide  lumina.  In  Myrica  Gale  clustered  crystals  are  found  in  the 
veins  of  the  leaf,  in  M.  tnicrocarpa  clustered  and  solitary  crystals,  and  also 
cells  containing  solitary  crystals  accompanied  by  small  crystalline  granules. 
The  peltate  glands  consist  of  a  uni-  or  biseriate  stalk  (the  length  of  which  varies 
accordinf;-  to  the  degree  of  depression  of  the  gland  in  the  surface  of  the  leaf), 
and  a  shield,  in  which  some  of  the  ray-cells  often  do  not  reach  the  centre ;  the 
secretion  is  deposited  beneath  the  cuticle.  In  M.  Gale  there  are  simple  uni- 
cellular 5clerench)naiatous  hairs  in  addition  to  the  peltate  glands. 

The  structure  of  the  wood  has  been  examined  m  20  species.  The  maxi- 
mum diameter  of  the  vessels  varies  between  '02  and  -05  mm.  In  most  species 
the  vessels  are  isolated,  and  exhibit  radial  arrangement  in  M,  Gale  only.  The 
perforations  of  tiie  vessels,  as  already  stated,  show  a  tendency  towards  scalari- 

1  Engler^s  statement,  that  bast-fibres  and  stone-cells  are  absent  in  the  Myricaceae,  is  incorrect, 
and  is  dae  to  insufficient  study  of  Moller^s  work. 

•OUBEDBR  3  ^ 
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form  difierentiation  in  all  cases.  In  some  species  (M,  Faya^  Ait.»  M.  GdU;  L.» 
M,  inUgrifolia^  Roxb.,  M.  javanica,  BL,  Af .  mexicofM,  WiUd.,  Af .  rubra^  S.  et 
Z.)  only  scalariform  perforations  with  1-15  bars  have  been  observed.  AU 
the  other  investigated  species  have  simple  (mostly  elliptical,  more  rarely 
circular)  perforations  accompanied  by  others  of  the  scalariform  type ;  in  these 
cases  either  the  simple  type  is  prevalent  (e.^.  in  ilf.  aethiapica,  L.  and  Af.  Bur- 
manniif  £.  Mey.),  the  scalariform  perforations  being  almost  confined  to  the 
neighbourhood  of  the  primary  wood,  or  the  scalariform  type  is  prevalent 
(e.g.  in  M.  altera^  C.  DC.  and  ilf.  cordif<dia,  L.).  The  walls  of  the  vessek  are 
provided  vdth  bordered  rats  in  contact  with  parenchyma.  Wood-parenchyma 
is  scantily  developed.  The  meduUary  ray^  of  the  wood  are  narrow,  at  the 
mo6t-4-seriate  ;  the  cells  vary  in  height.  The  wood-prosenchyma  has  elements 
with  lumina  of  varying  size,  and  bears  bordered  pits  on  its  walls. 

In  the  structure  of  the  cortex  we  mav  first  mention  that  the  cork  originates 
immediately  beneath  the  epidermis  in  Az .  Gale  and  M.  safnda.  Wall,  according 
to  my  own  observations,  and  in  Af.  califamica,  Cham,  et  Schlecht.  according 
to  MSUer.  In  the  three  species  just  mentioned  the  cells  of  the  cork  are  sclerosed 
on  <Mie  side  only,  viz.  on  the  inner  tangential  walls.  In  M.  sapida  the  primary ' 
cortex  includes  stone-cells,  which  have  thick  walls  and  narrow  lumina,  and 
are  sometimes  slightly  branched.  The  pericycle  contains  isolated  bundles  of 
primary  bast-fibres  with  intermediate  stone-cells,  so  that  either  an  interrupted 
(Af .  Gale)  or  a  continuous  {M.  ,sapida  and  ilf.  californica)  composite  scleren- 
chymatous  rin^  is  formed.  In  the  bast  of  ilf.  sapida  there  are  elongated  pitted 
cells,  resembling  sclerenchymatous  fibres,  and  either  occurring  singly  or 
arranged  in  small  groups.  The  ends  of  the  sieve-tubes  bear  several  roundish 
sieve-fields  arranged  in  a  longitudinal  row.  Oxalate  of  lime  is  found  in  the 
axis  in  the  form  of  solitary  and  clustered  crystals.  It  remains  to  mention 
that  Hohnel's  statement  r^arding  the  occurrence  of  schizogenous  resin-canals 
in  the  cortex  of  ilf.  sapida^  Wall,  is  incorrect.  As  will  be  seen  from  the  descrip- 
tion given  above,  I  have  examined  this  species  and  have  found  resip-canals  to 
be  ateent,  as  in  other  members  of  the  Oraer. 

According  to  Gris,  the  pith  in  Myrica  Gale  consists  of  active  cells  with  thick 
walls. 

Literature:  Gris,  Moelle,  Nouv.  Arch.  Mas.  d'hift.  Dat.,  t.  vi,  1870,  p.  384.>-De  Bary,  Vof^, 
Anat,  1877.— Hohnel,  Holzer  mit  Hang^  Bot.  Zeit.  i88a,  pp.  166-7.— MoUer,  Rindeoaiiat,  i88a, 
pp.  48-9.-lSolereder,  Holzstr.,  1885,  pp.  247-8. — Engler,  in  Naturl.  Pflanzenfam.,  iii.  TeO,  Abt  i 
(1894),  p.  27. 

CASUARINEAE. 

It  is  well  known  that  the  Casuarineae,  which  comprise  the  single  genus 
Casuarina^  are  plants  resembling  horse-tails  {Equisetum)  in  habit.  ^  a  result 
of  the  reduction  of  the  foliar  organs,  abundant  p«Jisade-parenchyma  is 
developed  in  the  cortex  of  the  young  branches.  The  following  additional 
features  characterize  the  Casuarineae  anatomically :  the  occurrence  of 
cortical  vascular  bundles,  which  alternate  with  the  bundles  of  the  central 
cyUnder,  and,  after  running  through  the  length  of  one  intemode  in  the  cortex, 
pass  into  the  central  cylinder  at  the  next  node  (Fig.  186  A) ;  the  structure  of 
the  wood,  viz.  (a)  vessels  having  small  lumina  and  simple  or  scalariform 
perforations,  and  bearing  bordered  pits  in  contact  with  parenchyma, 
(b)  tangential  bands  of  wood-parenchyma,  (c)  wood-prosenchyma  with 
bordered  pits,  and  {d)  broad  medullary  rays ;  the  peculiar  origin  of  the  peri- 
derm (see  below),  which  is  connected  with  the  nature  of  the  surface  of  the 
young  branches;  stomata,  placed  transversely  to  the  longitudinal  axis  of 
the  branch,  and  provided  with  parallel  subsidiary  cells  (Fig.  186,  B) ;  finally, 
the  occurrence  of  rows  of  tracheides  on  either  side  of  the  cortical  vascular 
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bundles  (Fig.  186,  C).  The  hairy  covering  (Fig.  186,  D-E)  consists  of  simple 
or  branched  trichomes.  Neither  internal  nor  external  glands  are  present. 
Oxalate  of  lime  occurs  in  the  form  of  clustered  and  ordinary  solitary  crystals. 

In  the  following  paragraphs  we  will  first  deal  with  the  structure  of  the  young 
branches,  some  of  wtiich  in  certain  members  of  the  Order  exhibit  no  growth  in 
thickness,  and  are  subsequently  throvm  off  like  leaves ;  a  description  of  the  structure 
of  the  thick  branches  and  stems  will  follow. 

It  should  be  borne  in  mind  that  the  young  branches  of  Casuarina  consist  of 
a  row  of  joints  or  internodes,  each  of  which  is  prolonged  above  into  a  short  sheath, 
surrounding  the  base  of  the  next  higher  intemode,  and  terminating  in  4-20  teeth. 
Coinciding  with  each  of  these  teeth  is  a  more  or  less  strongly  developed  longitudinal 
rib,  which  runs  dovm  the  sheath  and  the  intemode  below  it.  Between  the  ribs 
there  are  corresponding  lon^tudinal  furrows  of  varying  depth.  The  teeth  of  the 
sheaths  alternate  at  successive  nodes,  and  the  same  relation  is  exhibited  by  the  nbs 
and  furrows  in  the  successive  intemodes. 

First  we  will  describe  the  structure  of  the  voung  branch  in  C.  equisetifoliat  L. 
(Fig.  i96t  A);  this  description  will  be  followed  by  a  consideration  of  the  points  of 
difference  presented  by  the  other  spedes.  The  intemode  in  C.  equisetifolia  is 
distinguished  by  having  furrows  of  considerable  depth  separated  by  proportionately 
high  ribs;  in  a  transverse  section  the  ribs  appear  broad,  Hie  deep  furrows  very 
narrow.  At  the  inner  margin  of  the  ribs,  with  which  they  correspond  in  position, 
the  cortical  vascular  bundles  are  situated,  while  the  bundles  of  the  central  c^rUnder, 
which  alternate  with  the  cortical  bundle,  lie  opposite  the  furrows.  We  will  now 
consider  the  stmcture  of  the  transverse  section,  taking  the  tissues  from  without 
inwards.  The  nature  of  the  epidermis  varies  according  as  it  borders  directly  on  the 
exterior,  or  forms  the  lateral  surfaces  of  tiie  longitudinal  furrows.  The  peripheral 
portions  of  the  epidermis^,  which  form  the  external  limit  of  the  ribs,  consist 
centrally  of  somewhat  isodiametric  cells  polygonal  in  surface- view,  but  towards  the 
furrows  the  cells  become  slighHy  elongated  in  the  vertical  direction.  Stomata 
are  not  fomid  in  these  portions  of  the  epidermis,  in  which  the  outer  wall  is  con- 
siderably thickened,  and  encloses  small  roundish  doubly  refractive  bodies  (not 
oxalate  of  lime  according  to  my  investigations,  Fig.  186,  A  and  B).  The  stomata 
are  con^ned  to  those  p^ts  of  the  epidermis  whidi  line  the  longitudinal  furrows. 
They  are  arranged  (Fig.  1 86,  B)  in  rows,  and  are  placed  transversely  to  the  longi- 
tudin^  axis  of  the  branch.  The  stomata  are  provided  with  subsidiary  cells  lying 
parallel  to  the  pore,  and  are  situated  between  epidermal  ceUs  which  are  likewise 
elongated  transversely  to  ^e  longitudinal  axis  of  tiie  branch.  Hairs  spring  from 
the  base  of  the  furrows  (Fig.  186,  D-E) ;  in  C.  equisetifolia  they  are  of  two  kinds, 
viz.:  (a)  simple  trichomes,  consisting  of  two  short  thin-walled  basal  ceUs,  and 
a  longer  terminal  cell  with  thicker  waUs  (Fig.  186,  E) ;  and  (h)  branched  trichomes 
of  S3rmpodial  structure,  having  the  form  shown  in  Fig.  186,  D.  In  other  species 
or  varieties  the  hairs  have  a  different  structure.  Thus  in  C.  equisetifolia  var. 
incana  Poisson  figures  hairs  with  two  relatively  short,  superposed  basal  cells, 
above  which,  dichotomously  inserted,  are  two  longer  cells  forming  an  acute  an^le 
with  one  another ;  in  some  cases  the  dichotomous  branching  is  repeated  a  second 
time.  In  the  ribs  of  C.  equisetifolia  hypodermal  parenchyma  hes  immediately 
beneath  the  epidermis,  and  is  followed  by  one  or  more  layers  of  hypoderm  com- 
posed of  sclerenchymatous  fibres,  which  are  elongated  in  the  vertical  oirection,  and 
are  thus  cut  transversely  in  a  transverse  section  of  the  branch.  From  the  middle 
of  this  hypoderm  a  ridge  of  similarly  arranged  sclerenchymatous  elements  extends 
radially  towards  the  bast  of  the  cortical  vascular  bundle.  The  remaining  portion 
of  the  rib  is  occupied  by  a  number  of  layers  of  palisade  parenchyma,  the  cells  of 
which  are  elongated  in  a  radial  direction. 

In  those  species  which  have  branches  destitute  of  furrows,  or  with  only  slight 
indications  of  them,  the  structure  of  the  outer  portion  of  the  younjp;  branch  is 
different.  A  few  examples  taken  from  Poisson's  work  may  sufoce.  In  C. 
ChamaecyfariSy  Poiss.  the  transverse  section  of  the  branch  has  a  auadran^lar 
outline,  tne  four  comers  being  produced  into  slight  wings,  and  each  containing 
subepidermal  sclerenchyma,  and  a  sclerenchymatous  ridge  extending  towards  the 
cortical  vascular  bundle ;  on  the  whole  of  the  remaining  circmnf  erential  portions 
of  the  branch,  palisade-parenchyma  is  developed  beneath  the  epidermis,  except  at 
four  points,  situated  in  the  middle  of  the  four  lateral  surfaces,  where  the  internal 
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Pig.  186.  C^suMrina  tquitttifoUa^  L.  A,  Transvene  section  through  a  young  stem  (the  cryitali  of  oxalate 
of  lime  have  been  omitted  for  the  sake  of  rtearnciis ;  the  bodies  cncloeea  in  the  outer  wall  of  the  epidemiis  arr 
shown  as  black  dote).  B,  Epidermis  from  the  lateral  surface  of  a  furrow  of  the  branch  ;  on  the  left,  a  portion  of 
the  epidennis,  situated  at  the  mouth  of  the  furrow ;  it  is  devoid  of  stomata,  and  has  warty  proninenocs  (drawn 
as  drcleai  each  of  which  corresponds  to  a  body  deposited  in  the  outer  wall  (see  A) ;  oo  the  right,  m  portion 
of  the  epidermis  lying  deeper  in  the  furrow ;  thia  shows  the  characteristic  stomau.  c,  A  row  of  storage^rachcidcs 
in  a  longitudinal  section ;  rows  like  this  run  on  either  side  of  the  cortical  vascular  bundles  (cf.  h\.  d-b.  Forms  of 
hairs  found  in  the  furrows.— Original. 
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cortical  parenchyma  extends  as  far  as  the  epidermis,  which  bears  hairs  at  these 
points ;  stomata  are  developed  on  the  lateral  surfaces  wherever  palisade-parenchyma 
txnrdeis  directly  on  the  epidermis.  In  C.  Uucadon,  Poiss.  the  transverse  section  of 
the  brailch  is  quite  similar,  except  that  the  four  comers  are  rounded  ofi ;  hairs  are 
entirely  absent  and  a  subepidermal  band  of  sderenchyma  is  found  in  the  middle 
of  each  of  the  lateral  surfaces.  Other  species,  such  as  C.  nodiflora,  Forst., 
C.  angulaia,  Poiss.  and  C.  DepianckMna^  Poiss.  var.  genuina  are  essentially 
distinguished  from  C.  Ckamaecyparis  and  C.  leucodon  by  the  absence  of  tiie 
sclerenchymatous  ridees  connecting  the  subepidermal  sclerenchyma  with  the 
cortical  vascular  bundles.  In  other  respects  the  appearance  of  the  transveise 
section  in  the  first  two  of  these  species  recalls  that  ox  C.  Chamaecyparis,  whilst  in 
C.  Deplancheana  var.  g&nuina  it  is  more  like  that  of  C.  leucodon.  In  C,  Deplancheana* 
Poiss.  var.  cfossidens  the  distribution  of  sclerenchyma  and  pahsade-tissue  in  the 
branches  is  very  peculiar.  The  branches  have  a  rounded  quadrangular  outline  in 
transverse  section.  The  internal  cortical  parenchyma  only  extends  up  to  the 
epidermis  at  four  points,  corresponding  to  the  middle  regions  of  the  four  lateral 
surfaces ;  everywhere  else  palisade-tissue  is  present  beneath  the  epidermis,  but  is 
traversed  by  nxunerous  radial  sclerenchymatous  ridges.  Finally,  Lecomte  mentions 
that  there  is  a  continuous  sheath  of  pahsade-tissue  beneatii  the  epidermis  in 
C.  Eumpkiana,  Miq.  The  anatomical  features,  which  have  just  been  described,  are 
of  great  value  for  the  more  special  diagnosis  of  the  Casuarineae,  and  a  detailed 
examination  of  them  from  species  to  species  is  desirable ;  the  results  thus  obtained 
will  however  only  be  of  use  if  the  exomorphic  features  are  taken  into  consideration 
at  the  same  time ;  not  until  this  has  been  done  will  it  be  possible,  for  example,  to 
determine  whether  the  variety  of  C.  Deplancheana  characterized  by  the  peculiar 
arrangement  of  the  sclerenchyma  is  not  best  regarded  as  a  distinct  species,  and  so 
on.  It  may  be  added  that  Lecomte  describes  tiie  occurrence  of  sclerenchymatous 
ridges  in  the  ribs  or  comers  of  the  branch  in  the  following  species:  C.  Chamaecyparis^ 
Poiss.,  C.  Cunninghamiana^  Miq.,  C.  Decaisneana,  F.  MM.,  C.  Deplancheana^  Miq. 
var.  intermedia,  Poiss.,  C.  equisetifdia,  L.  var.  incana,  A.  Cunn.,  C.  leucodon^  Poiss., 
C.  oxycladot  Miq.,  C.  aiiodrivalvis,  LabilL ;  but  not  in  C.  angulata,  Poiss.,  C.  decussata, 
Bentii.,  C.  microstachyay  Miq.,  C.  nana,  Sieb.,  C.  nodiflara,  Forst.  f.,  C.  sunuUrana, 
Jungh.,  C.  ihuyoides,  Miq.,  C.  torulosa.  Ait. 

The  inner  portion  of  the  young  branch  in  C.  equiseiifolia  (cf.  Fig.  186,  ^4)  up  to 
the  outer  boundary  ol  the  central  vascular  cylinder  consists  of  unlignified  parenchyma 
with  thin  walls.  This  contains  the  cortical  vascular  bundles,  which  he  directiy 
opposite  the  ribs,  and  are  equal  to  them  in  number.  They  consist  of  a  weakly 
developed  mass  of  xylem  situated  on  the  inner  side,  and  a  phloem-group,  directed 
outwards,  and  supported  at  its  outer  margin  by  a  bundle  of  sclerenchymatous 
fibres.  On  the  right  and  left  of  the  phloem-groups  rows  of  tracheides  (Fig.  186,  A 
and  C)  are  situated.  These  tracheides  are  either  of  irregular  shape,  or  almost 
isodiametric,  or  elongated  like  fibres,  and  their  Ugnified  walls  bear  smiple  pits  of 
various  forms.  This  system  of  water-storing  elements  unites  the  wood  of  the 
cortical  vascular  bundles  with  the  palisade-tissue  at  certain  points,  and  evidentiy 
serves  for  the  supply  of  water  to  the  latter  tissue.  The  parenchymatous  cortex  is 
bounded  towards  the  central  cylinder  by  an  endodermis.  The  vascular  bundles  of 
the  central  cylinder  are  separated  by  rather  broad  medullary  rays,  and  at  the  outer 
margin  of  the  masses  of  oast  there  are  groups  of  sclerenchymatous  fibres ;  these 
gxoujra  vary  in  size. 

The  stmcture  of  the  leaf-sheath  on  the  whole  agrees  with  that  of  the  outer 
portion  of  the  cortex  in  the  young  branch.  For  information  on  this  point,  and  also 
on  the  peculiar  transverse  bundles  of  fibres,  which  are  present  in  the  commissural 
portions  of  the  sheath,  and  prevent  tearing,  see  C.  MdUer  and  Moxini. 

The  occurrence  of  cortical  bundles  is  connected  with  the  path  followed  by  the 
vascular  strands.  The  latter  begin  their  course  in  the  teeth  of  the  leaf-sheaths,  and  ran 
downwards  in  the  ribs  of  the  sheath;  at  the  node  they  pass  into  the  intemode,  and 
continue  their  course  in  the  latter,  running  in  the  ribs,  which  are  merely  continual 
tions  of  those  on  tiie  sheath.  At  the  next  node  they  enter  the  inner  ring  of  bundles, 
but  first  fuse  with  the  leaf-traces  which  formed  the  inner  vascular  ring  in  the 
preceding  intemode.  To  accomplish  this  fusion  each  of  the  inner  vascular  bundles 
forks  at  the  node  into  two  short  branches,  each  of  which  fuses  with  the  nearest 
cortical  bundle  entering  the  inner  ring. 

The  pecufiar  origin  of  the  cork  in  the  young  branch  also  deserves  notice ;  it  has 
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been  investieated  by  Sanio,  L6w,  Roes,  Lecomte,  and  others.  The  phellogen  first 
appears  in  the  furrows,  where  it  is  subepidennaL  In  the  ribs  it  dbvelo^HS  on  the 
inner  side  of  the  palisade-parenchyma,  and  according  to  Lecomte  its  position  is  outside 
the  cortical  vascular  bundles  in  the  basal  portion  a!  the  intemode,  whilst  further  up 
it  cuts  through  the  middle  of  the  cortical  bundles,  and  at  a  still  higher  level  it  lies 
on  the  iimer  side  of  these  bundles.  In  C.  torulosa  according  to  Sanio  the  cork, 
formed  beneath  the  furrows,  consists  of  ceUs  which  have  their  inner  tangential 
walls  strongly  thicken^,  whilst  on  the  inner  side  of  the  ribs  there  are  at  the  most 
only  indications  of  one-sided  thickening  in  the  cork-ceUs. 

It  now  remains  to  consider  the  structure  of  the  thicker  branches  and  of  the  main 
stem.  Numerous  stone-cells  are  developed  in  the  parenchymatous  outer  cortex  as 
the  branch  increases  in  age;  laige  numbers  of  stone-cells  also  arise  between  the 
groups  of  primary  bast-fibres  belon{;ing  to  the  vascular  ring,  and  connect  them  so 
as  to  form  a  composite  and  continuous  ring  of  sclerenchyma  (C.  qtuuirivalvis, 
LabilL  according  to  Mdller).  In  the  young  branches  of  C.  equiseHfoiia  only 
clustered  crystals  are  found,  occurring  in  the  palisade-tissue,  in  the  groups  of  bast, 
and  in  the  parenchymatous  outer  cortex,  but  in  older  stems  numerous  solitary 
crystals  are  also  present  in  the  outer  cortex.  According  to  MoUer's  investigations 
the  bast  in  C.  equiseHfoiia,  L.  contains  abundant  sclerench3rma  in  the  form  of 
groiq)s  of  bast-nbres  and  stone-cells,  these  being  accompauiied  by  numerous 
chambered  fibres  with  soUtary  crystals.  The  inner  portions  of  the  primary  cortical 
medullary  rays  also  undergo  considerable  sclerosis,  and  in  older  stems  penetrate 
the  wood  in  the  form  of  sclerenchymatous  ridges.  The  sieve-tubes  have  sieve-fields 
showing  scalariform  arrangement.  The  following  statements  may  be  made  re- 
garding the  structure  of  the  wood.  The  vessels  never  have  a  large  diameter 
(maximum  diameter  between  01$  and  06  nmi.),  and  are  scattered  in  a  trans- 
verse section.  They  have  simple,  mostly  elliptical  perforations,  which,  in  all  the 
species  (14  in  number)  examined  by  Poisson  and  myself,  are  accompanied  by 
scalariform  perforations ;  the  latter  are  at  any  rate  present  in  the  neighbourhood 
of  the  primary  wood,  and  often  also  further  out  in  the  secondary  wood.  In  some 
cases  peculiar  forms  of  scalariform  perforations  (some  of  them  distorted  forms)  are 
found;  they  have  been  described  in  detail  by  Boodle  and  WorsdelL  The  waUs  of 
the  vessel^  even  where  they  are  in  contact  with  parenchyma,  are  provided  with 
bordered  pits.  Spiral  or  reticulate  thickening  of  the  pitted  vessels  is  not  uncommon 
(C.  humUtSi  Link,  C.  microsiachya,  Mia.,  C.  nana^  Sieb.,  C.  pcUudosa,  Sieb.,  C  stricta^ 
Ait.).  Some  of  the  medullary  rays  of  the  wood  are  distinguished  by  their  breadth. 
In  the  herbarium-material  of  some  species  (C.  equiseHfoiia^  L.,  C.  Hugeliana^  Miq^., 
C.  fnicrostachya,  Miq.)  I  did  not  meet  with  specially  broad  medullary  rays,  but  this 
does  not  necessarily  mean  that  broad  medullary  rays  are  absent  in  these  species,  for 
it  has  been  shown  that  the  rays  sometimes  only  broaden  out  in  their  outer  portions, 
where  they  may  ultimately  attain  a  breadth  of  24  cells  or  more.  According  to 
Goeppert  the  formation  of  new  vascular  bundles  sometimes  takes  place  in  the  broad 
medullary  rays  of  the  older  wood  in  the  same  way  as  in  ClemaHs,  The  wood- 
parenchyma  forms  tangential  bands  in  the  transverse  section,  and  is  very  strongly 
developed.  The  wood-prosenchyma  has  thick  waUs,  is  sometimes  distinguished  by 
the  presence  of  a  gelatinous  layer,  and  always  bears  bordered  pits,  though  in 
varying  numbers,  in  those  species  in  which  the  pitted  vessels  were  stated  above 
to  be  spirally  -diickened,  a  similar  thickening  is  also  found  on  some  of  the  elements 
of  the  wood-prosenchyma  (except  in  the  case  of  C.  stricta). 
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foglia  delle  C,  Mem.  della  R.  Accad.  delle  scienze  delr  Ist.  di  Bologna,  s^r,  5,  t.  i?,  1894.] — Morini, 
Area  connettiTa  della  gnaina  fogl.  delle  C,  Malpighia  1896,  pp.  304-19  and  tay.  ix. 
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CUPULIFERAE. 

I.  Review  of  the  Anatomical  Features.  The  foUowing  anatomical 
features  are  common  to  the  members  of  this  Order:  a  tendency  to  form 
scalariform  perforations  in  the  vessels ;  wood-prosenchyma  with  bordered  pits 
(with  the  single  exception  of  Nothofagus) ;  a  composite  and  continuous,  and 
in  most  cases  permanently  continuous,  ring  of  sderencbyma  in  the  pericycle ; 
subepidermal  development  of  cork  ;  stomata  without  special  subsidiary  cells ; 
the  occurrence  of  glandular  hairs ;  the  vertical  transcurrence  of  the  medium- 
sized  veins  in  the  leaf.  A  number  of  structural  features  in  the  axis  are  of 
vzUxxQ  for  the  distinction  of  genera  or  groups  of  genera.  Some  of  the  medullary 
rays  of  the  wood  are  very  broad  in  the  species  of  Fagus  belonging  to  the 
section  Eufagus^  and  in  Quercus,  but  narrow,  1-4  cells  thick,  in  the  remaining 
members  of  the  Order.  The  Tribes  Betuleae  {Betula^  Alnus)  and  Coryleae 
{Carpinus,  Ostrya^  Corylm)  are  characterized  by  the  radial  arrangement  of  the 
vessels  in  the  transverse  section  of  the  branch;  in  the  Tribe  Quercineae 
Wuercus,  Castanopsis,  Castanea^  Fagus)  this  feature  is  more  or  less  indistinct. 
Tkere  are  only  two  genera,  Betula  and  Alnus,  which  bear  exclusivelv  bordered 
pits  on  the  walls  of  the  vessels  bordering  on  parenchyma  of  the  meduUsur  rays ; 
in  the  remaining  genera  these  portions  of  the  walls  are  provided  with  large 
simple  pits  and  bordered  pits.  Scalariform  perforations  are  the  only  type 
present  in  the  vessels  in  Betula,  Alnus,  Corylus,  and  Distegocatpus  Carpinus, 
Sieb.  et  Zucc,  while  in  Ostrya,  Fagus,  Castanea,  Castanopsis,  and  Quercus  both 
simple  and  scalariform  perforations  are  found.  In  most  of  the  CupuUferae 
(species  of  Carpinus,  Ostrya,  Corylus,  Quercus,  Castanea)  the  secondary  bast 
contains  groups  of  bast-fibres ;  in  Betula,  Alnus,  and  Fagus  they  are  replaced 
by  groups  of  stone-cells.  Hypoderm  has  only  been  observed  in  the  leaf  in 
certain  species  of  Alnus,  There  are  no  special  internal  secretory  elements, 
but  many  species  are  characterized  by  the  presence  of  a  mucilaginous  epidermis 
in  the  leaf.  Oxalate  of  lime  is  excreted  in  the  form  of  clustered  and  soUtary 
crystals ;  large,  well-difierentiated  soUtary  crystsJs,  occupying  correspondingly 
large  idioblasts  in  the  mesophyU,  give  rise  to  transparent  dots  in  the  species 
of  Carpinus  (ind.  Distegocarpus)  and  Ostrya,  The  h^dry  covering  is  formed 
by  dothing  and  glandular  hairs  (Fig.  187).  The  clothing  hairs  are :  (a)  simple 
uniceUular,  or  uniseriate  (with  thin  transverse  walls),  generally  sderencbyma- 
tous  trichomes;  (b)  tufted  hairs  (species  of  Castanea  and  Quercus)  \  and 
(c)  peltate  hairs  (spedes  of  Castanea  and  Quercus).  The  glandular  hairs  are 
of  various  shapes ;  glandular  scales  are  found  in  the  spedes  of  Betula  and 
Alnus,  and  also  in  Nothofagus. 

2.  Structure  of  the  Leaf.  The  leaf-structure  has  been  examined  in 
detail  by  Boubier  in  the  Betuleae  and  Coryleae;  my  own  investigations 
extended  to  Betula  alba,  L.,  Alnus  glutinosa,  Willd.,  Carpinus  BOulus,  L., 
Ostrya  carpinifolia.  Scop.,  Corylus  Avellana,  L.,  Quercus  Fametto,  Ten., 
Q.  Ilex,  L.,  Castanopsis  inaica,  A.  DC,  Castanea  vulgaris.  Lam.,  Fagi4s  (Eufagus) 
sylvaUca,  L.,  and  r.  (Nothofagus)  antarctica,  Forst.  The  leaf-structure  varies ; 
it  is  dther  distinctly  bifacial  (e.  g.  in  Fagus  antarctica)  or  tj^ically  centric, 
the  mesophyU  consisting  of  palisade-parenchyma  throughout  its  entire  thick- 
ness (e.g.  in  Quercus  Ilex)  or  only  subcentric,  the  lowermost  layer  of  the 
mesophyll  being  difterentiated  as  palisade.  Boubier  found  the  mesophyU 
to  have  bifacial  structure  in  aU  the  Betuleae  and  Coryleae  examined  by  him, 
with  the  single  exception  of  Ostrya  car^nnifolia.  The  epidermal  ceUs  have 
straight  or  undulated  lateral  walls.  Hj'poderm  has  been  met  with  on  the 
upper  side  of  the  leaf  in  certain  spedes  of  Alnus  (Alnus  acuminata,  A.  elliptica. 
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A.  finna,A.  glutinosa\  A.  incanOf  A.  JonMensis^  A.  nc'balensis,  A.  oblongifoUaj, 
A.  pubesc&ns,  and  A.  rkambifdia);  it  consists  of  a  single  layer,  the  component 
cells  of  which  vary  in  size.  The  occurrence  of  a  mucilaginous  epidermis  in 
the  leaf  is  a  far  more  frequent  phenomenon.  It  has  b^n  observed :  in  all 
the  species  of  Betula  exammed  by  Boubier  (including  B.  fridicosa,  contrary  to 
Radlkofer's  statement);  in  the  genus  Alnus,  in  A.  cordi folia,  A.  japonica^ 
A.  martHma,  A.  oriefUalis,  A.  rubra.  A,  serrukUa,  and  A.  viridis  (Bouoier) ;  in 
Corylus  americana  and  C  rostrata,  and  in  Carpinus  duinensis  and  C.  japonica 
(according  to  Boubier);  but  also  in  Corylus  Avdlana,  Quercus  Farnetto,, 
Q,  peduncuUUa,  Q.  robur,  Castanea  vulgaris,  and  Fasus  atUardica.  Similarly^ 
some  of  the  hypodermal  cells  in  the  species  of  Alnus  cited  above  (except 
A.  firma,  and  thus  including  A.  gluttnosa)  also  have  mucilaginous  inner 
membranes.  Boubier  mentions  the  formation  of  papillae  in  the  lower  epidermis 
of  the  leaf  in  Betula  corylifolia,  B.  nigra,  Alnus  nepalensis,  A.  oblongif^ia,  and 
A.  pubescens,  the  papillae  bein^  only  slightly  differentiated  in  the  species  of 
Alnus.  The  stomata  are  restncted  to  the  lower  side  of  the  leaf  in  almost 
all  the  investigated  species  (exception:  Alnus  orientalis),  and  are  always 
surrounded  by  several  irregularly  arranged  epidermal  cells.  The  larger  veins 
of  the  leaf  are  provided  with  arcs  of  sclerenchyma ;  those  of  medium  size  are 
distinguished  by  the  fact  that  they  are  vertically  transciurent,  extending  as 
far  as  the  epidermis  on  both  sides  of  the  leaf  by  means  of  variously  differen- 
tiated connecting  tissue. 

Oxalate  of  lime  occurs  in  the  leaf  and  axis  in  the  form  of  clustered  and 
sohtary  crystals,  both  forms  being  generally  present  in  the  same  species,  but 
exhibiting  different  distribution ;  the  latter  feature  can  only  be  employed  for 
special  diagnosis.  Sanio  (Monatsber.  der  Berliner  Akad.  1857)  mentions  the 
occurrence  of  crystal-sand  in  the  cortex  in  Alnus  glutinosa  and  Beiula  alba; 
according  to  my  own  investigations,  however,  this  is  incorrect.  In  all  the 
species  of  Carpinus  (see  Blenk)  and  in  Osfyya  (according  to  Boubier)  the  leaf- 
tissue  includes  idioblasts,  which  are  filled  with  solitary  crystals,  and  in  both 
genera  give  rise  to  pellucid  dots  in  the  leaf. 

The  clothing  hiurs  are  simple  unicellular  or  uniseriate  trichomes,  or  stellate 
or  peltate  hairs.  Simple  unicellular  hairs  have  been  met  with  in  species  of 
Beiula,  Alnus,  Carpinus,  Ostrya,  Corylus,  Casianopsis,  and  Fagus;  simple 
uniseriate  hairs  in  species  of  Alnus,  Osirya,  and  Corylus.  In  Corylus  AveUana 
and  Ositrya  carpinifolia  the  walls  of  the  hairs  exhibit  a  curious  striation,  which 
is  connected  with  the  internal  structure  of  the  wall.  Stellate  hairs  have  been 
shown  to  occur  in  Castanea  vulgaris,  Quercus  Farnetto,  and  Q.  Ilex.  They 
consist  of  a  tuft  of  sclerenchymatous  cells  (hairs),  the  whole  group  being  either 
inserted  directly  in  the  epidermis,  or  seated  on  the  apex  of  a  short  multi- 
seriate  pedestal  developed  from  a  group  of  epidermal  cells.  The  peltate  hairs 
(Fig.  187,  A),  which  I  examined  in  Castanopsis  chrysophyUa,  A.  DC.,  are  allied 
to  the  stellate  hairs ;  according  to  Prantl,  they  occur  not  only  in  species  of 
Castanopsis  but  also  in  the  species  of  Quercus  belonging  to  the  section 
Pasania.  The  peltate  (glandular?)  hairs  of  Castanopsis  chrysopkylla,  are 
filled  with  yellow  contents  and  consist  of  a  low  basal  cell  and  a  medium-sized 
shield  with  a  slightly  undulated  mar^ ;  the  ray-cells,  only  some  of  which 
reach  the  centre  of  tne  shield,  have  thm  walls  and  exhibit  secondary  division- 
walls.  Glandular  hairs  of  various  forms  have  been  observed  in  the  genera 
Betula,  Alnus,  Carpinus,  Ostrya,  Corylus,  Quercus,  Castanea,  and  Fagus.  The 
two  genera  of  the  Betuleae  (Alni4s  and  Betula)  are  characterized  by  having 
glandular  scales  (Fig.  187,  B-D).  These  possess  (a)  a  short  but  broad  stalk,  which 

*  Walliczek's  statement  to  the  contrary  (loc  cit.,  p.  236),  viz.  that  A/nm  giutinosa  has  a  one- 
layered,  partly  mndlaginouB  epidermis,  is  incorrect. 


CUPULIFERAE 


793 


usually  projects  into  the  shield,  and  is  composed  of  several  layers  of  low, 
suberizedcdls ;  and  (b)  a  shield,  theceUsof  which  appear  elongated  Uke  palisade- 
tissue  in  sections  of  the  gland,  and  are  mostly  polygoiml  in  surface-view.  Similar 
glandular  scales  occur  in  Fagus  antarcUca^  and  probably  also  in  other  species 
of  the  section  Nathofagus,  The  external  glands  found  in  the  species  of  Corylus 
(Fig.  187,  £-F)  have  a  clavate  shape ;  their  basal  portion  is  formed  by  a  few 
rows  of  low,  apparently  suberized  cells,  whilst  the  upper,  more  or  less  swollen 
portion  consists  of  a  few  thin-walled  cdLs.  According  to  Boubier,  Ostrya 
virgifdca  (Fig.  187,  G),  Carpinus  cordaia^  and  C.  Tschonoskii  have  glandukr 
hairs  with  a  short  uniseriate  stalk  composed  of  a  few  low  cells,  and  a  discoid 
flattened  head  consisting  of  a  rather  larger  number  of  cells ;  Carfinus  Beiulus 
(Fig.  187,  H),  C.  caroliniana,  Ostrya  carpinifolia^  and  Castanea  vulgaris  possess 
glandular  hairs  with  a  rather  short,  uniseriate  stalk  comjposed  of  a  few  cells, 
and  a  spherical  or  ellipsoidal  head  consisting  of  several  cells  exhibiting  no 


Pig.  187.  A.  Ca*UmoPsis  ckrjto^kfUat  A.  DC.  b-d,  Peltate  glands  of  Betula  alba,  L.  :  B,  in  tranfverse 
section ;  c,  g^landnlar  ditc  seen  at  a  low,  and  D,  at  a  high  focvs.  b-p,  Corylus  AvtUana,  G,  Ostrya  virgrinica, 
H,  Carpinus  Beiulus.    1,  Qusrcus  /arM/49.— A-D  and  I  oripnal,  b-h  after  Boubier. 

special  arrangement.  Glands  of  the  latter  kind  are  also  to  be  met  with, 
though  rarely,  in  Quercus  FameUo^  where  they  accompany  tubular,  uniseriate 
external  glands,  which  are  curved  in  various  ways  (Fig.  187,  /).  Lastly,  we 
may  mention  the  rather  large  glands  observed  in  Corylus  americana^  C.  ferox, 
and  C.  Avdlana  (in  the  last  of  these  species  only  on  the  petiole) ;  they  have 
a  multiseriate  stalk  and  a  flattened  spherical  head  composed  of  numerous 
cells.  Having  described  the  glandular  hairs,  we  may  make  a  few  remarks  on 
the  glandular  nature  of  the  leaf-teeth,  this  subject  having  been  investigated 
in  species  of  Alnus^  Bettda,  Carpinus,  and  Corylus.  According  to  Reinke,  the 
glandular  character  in  Alnus  cordcUa  and  Betula  alba  is  due  to  glandular 
shaggy  hairs  with  a  structure  similar  to  that  of  the  glandular  scales  (i.  e.  they 
consist  of  a  small  amount  of  ground-tissue  and  a  palisade-like  epidermis), 
whilst  in  Carpinus  Beiulus  and  Corylus  AveUana  it  is  caused  by  glandular 
hairs  similar  in  structure  to  those  on  the  foliage  leaves.  According  to 
Hwstein,  identical,  or  at  any  rate  similar,  glandular  scales  or  hairs  are  also 
met  with  in  Alnus,  Corylus,  Carpinus,  and  Oslrya  as  a  protection  to  the  buds. 
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The  structure  of  the  petiole  has  been  examined  by  C.  de  CaodoUe  and 
Petit,  and  more  especially  in  the  Betuleae  and  Coryleae  by  Boufaier^  and  in 
Quercus  by  Bosseboeuf  and  Pereira.  Without  discussing  points  of  detail, 
which  are  of  importance  only  for  the  diagnosis  (rf  species,  we  may  note  the 
following  features  as  being  useful  in  generic  diagnosis ;  iat  other  points  the 
reader  is  referred  to  the  works  cited  below.  In  aU  the  genera  of  the  Querdneae 
{Quercus,  Castanea^  CasUmopsis^  Fagus)  the  characteristic  region  of  the  petiole 
contains  a  closed  annular  fibrovascular  system;  according  to  Pranti,  five 
vascular  bundles  pass  out  into  the  petiole  in  these  genera.  The  genera 
Alnus^  Carpinus,  and  Corylus  agree  in  the  structure  of  the  characteristic 
region,  the  fibrovascular  system  forming  in  most  cases  a  dosed  or  almost 
closed  ring  of  wood  and  bast,  above  whidi  lies  an  arc  of  wood  and  bast  (with 
the  xylem  directed  upwards) ;  the  number  of  bundles  in  the  initial  r^on  is 
three  in  Corylus,  and  usually  three  in  Alnus,  though  from  five  to  seven  may 
be  present.  In  the  structure  of  the  characteristic  region  the  genera  Ostrya, 
Ostryopsis,  and  Betula  agree  in  as  much  as  the  vascular  system  in  transverse 
section  is  open  on  the  upper  side,  and  has  a  lyrate  or  arc-like  shape ;  there  are 
three  vascular  bundles  in  the  initial  region  in  these  genera. 

3.  Structure  of  the  Axis.  The  structure  of  the  axis  in  the  Cupuliferae 
has  been  thoroughly  investigated.  The  following  description  is  chieny  based 
on  MoUer's  *  Rindenanatomie '  and  the  statements  in  my  '  Holzstruktur '  ^. 

The  origin  of  the  cork  is  the  same  in  all  cases,  to  judge  from  the  concor- 
dant results  of  investigations  carried  out  by  MoUer,  J.  £.  Weiss,  Douliot,  and 
others,  who  examined  numerous  species  of  the  genera  Betula,  Alnus,  Carfknus, 
Ostrya,  Corylus,  Quercus,  Castanea,  and  Fagus ;  the  phellogen  always  anses  in 
the  outermost  cell-layer  of  the  primary  cortex.  The  cells  of  the  cork  vary 
in  their  nature.  The  well-known  white  exfoliating  cork  (not  bark)  of  the  birch 
is  distinguished  by  the  presence  of  linear  (transversely  placed)  lenticels ;  it  is 
clearly  cuiferentiated  from  the  fifth  year  onwards,  and  consists  of  alternating 
layers  of  tabular  thick- walled  cells  and  scarcely  flattened  thin-walled  cells,  the 
latter  being  filled  with  minute  white  granules  (betulin').  In  Alnus  the  cells 
of  the  cork,  which  is  persistent  for  a  long  time  in  this  genus  also,  are  rather 
low  and  almost  tabular.  Amongst  the  Coryleae,  Ostrya  (O.  vitpnica,  Willd.) 
and  Corylus  (C.  Colurna,  L.)  show  a  stratification  of  the  cork  smiilar  to  that 
found  in  Betula,  layers  of  cells  with  wide  lumina  alternating  with  layers  of 
tabular  cells ;  in  Carpinus  Betulus,  L.,  the  ceUs  of  the  cork  are  tabular  and 
have  thick  walls.  The  species  of  Quercus  have  for  the  most  part  flat  cork-cells 
with  thick  walls,  while  in  Fagus  sylvatica  the  odls  have  tiiin  walls  and  are 
tabular,  and  in  Castanea  vulgaris  they  have  thick  walls,  and  are  moderately 
flattened.  The  outer  portion  of  the  primary  cortex  is  distinctly  collenchyma- 
tous  in  all  the  members  of  the  Order.  Both  clustered  and  solitary  crystals 
may  occur  in  the  primary  cortex.  In  Alnus  gluiinosa  and  Ostrya  virginica 
large  intercellular  spaces  are  formed  in  the  inner  portion  of  the  primary  cortex 
in  consequence  of  the  tangential  elongation  of  the  cells  and  the  separation  of 
the  walls  in  the  tangential  direction.  The  pericycle  in  axes  not  exceeding 
a  certain  thickness  contains  a  composite  and  continuous  ring  of  sderenchyma 
in  all  investigated  species.  In  most  members  of  the  Order  tins  ring  is  retamed 
during  growth  in  thickness,  and  only  in  Castanea  vulgaris  and  Betula  alba  does 


^  The  latter  give  the  results  of  an  invettieation,  which  extended  to  all  the  species  of  all  the  genera  of 
Ctt^nlifeiae  represented  in  the  Herbarium  Monaoense  in  the  year  1884  (excluding  Ostryopsis), 
*  *^"  \  reference  to  betulin,  besides  other  works,  see  Hohnel,  Kork,  eta,  Sit£.-Ber.  Wiener  / 


With  reference  to  betulin,  besides  other  works,  see  Hohnel,  Kork,  eta,  Sit£.-Ber.  Wiener  Akad., 
Bd.  Ixxyi,  Abt.  i,  1877,  <u^  Merklin,  in  Melanges  blologiquet  St.  P^ersb.,  iv,  1865,  p.  565  et  seq. 
According  to  Bonbier,  betulin  does  not  occur  in  all  the  spedes  of  Betula,  being  absent  in  B, 
MuriikU  and  B.  ni^ra. 
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it  undergo  local  rupture  sooner  or  later.  Groups  of  secondary  bast-fibres 
have  only  been  observed  in  the  genera  CgrpinuSp  Ostrya^  Corylus,  Qi4ercus,  and 
Castanea,  not  in  AInus,  Beiula,  and  Fagus,  They  often  give  rise  to  a  distinct 
stratification  of  the  secondary  ba»t.  In  Alnus^  BeHda^  and  Fagtis  ^oups  of 
stone-cells  are  developed  in  ^ace  of  the  secondary  bast-fibres,  whue  in  the 
secondary  bast  of  Quercus  similar  groups  of  stone-cells  accompany  the  groups 
of  bast-fibres.  A  very  peculiar  feature  is  the  sclerosis  of  the  inner  portions  of 
the  primary  medullary  rays  in  the  cortex  of  Fagus  syhmtica  and  certain  species 
of  oak,  such  as  Quercus  Suber ;  the  sclerosed  groups  of  cells,  as  in  Plaianus, 
form  crest-like  projections  on  the  inner  side  of  the  cortex,  penetrating  the 
medullary  rays  of  the  wood,  and  thus  establishing  a  firm  dovetailing  between 
the  wood  and  the  cortex. 

The  characteristic  features  in  the  structure  of  the  wood  have  already  been 
9ununarized  above,  but  the  following  special  points  in  the  individual  Tribes 
and  genera  may  be  mentioned,  llie  genera  Alnus  and  BeMa  (Betuleae) 
agree  in  almost  all  respects  in  the  structure  of  the  wood ;  they  have :  (a)  narrow 
medullary  rays,  which  are  one  or  two,  or  at  the  most  four  cells  in  breadth, 
the  cells  being  mostly  elongated  in  the  radial  direction,  and  containing 
clustered  crystals;  (b)  vessels,  which  have  rather  small  lumina  (diameter 
reaching  -04  mm.)»  and  are  arranged  in  radial  rows,  bear  border^  pits  in 
contact  with  parenchyma  of  the  medullary  rays,  and  have  exclusively 
scalariform  perforations  with  5-30  bars;  (c)  a  small  amount  of  wood- 
parenchjona ;  and  (d)  wood-prosench)niia  with  wide  lumina,  and  waUs  furnished 
with  small  but  distinct  bordered  pits,  the  borders  being  smaller  than  the  pits, 
which  are  not  numerous.  The  different  si2e  of  the  Ixx-dered  pits  on  the 
common  waUs  of  contact  of  the  vessels  serves  to  distinguish  the  two  genera ; 
for  the  diameter  of  the  border  is  only  0017  mm.  in  Betula,  but  -003—004  mm. 
in  Alnus.  The  Coryleae  {CarpinuSf  incl.  Distegocarpus,  Ostrya,  and  Corylus) 
show  certain  points  of  agreement  with  the  mtuleae,  viz.  medullary  rays, 
which  are  one  or  two,  or  at  the  most  three  cells  in  breadth ;  wood-prosen- 
chyma  with  a  constant  tj^  of  structure  (characterized  by  wide  Itunina, 
and  small  but  not  numerous  bordered  pits);  and  the  always  prevalent 
radial  arrangement  of  the  vessels,  which  have  small  lumina  (maximum 
diameter  » -04  mm.).  In  other  respects,  however,  there  are  a  number  of 
differences.  The  walls  of  contact  between  two  vessels  bear  densely  packed 
and  rather  large  bordered  pits,  the  borders  being  sometimes  hexagonal  owing 
to  mutual  contact.  Where  they  border  on  the  medullary  rays  the  walls  of 
the  vessels  are  furnished  with  almost  simple  pits.  Spiral  thickening  of  the 
pitted  vessels  has  been  observed  in  Carpinus  Betulus,  L.,  C.  caroUniana^  Walt., 

C.  duinensis^  Scop.,  C.  viminea^  Lindl.,  Distegocarpus  laxifiora,  Sieb.  et  Zucc, 

D.  Carpinus,  Sieb.  et  Zucc,  Osirya  carptnifoUa,  Scop.,  0.  virgtnicOy  Willd.,  and 
Corylus  Cotuma,  L.  In  aU  the  investigated  species  of  Catpinus  and  Ostrya^ 
as  well  as  in  Distegocarpus  laxi flora,  the  perforations  of  the  vessels  are  for  the 
most  part  simple  and  elliptical ;  only  in  the  neighbourhood  of  the  primary 
wood,  and  more  rarely  also  at  some  points  in  the  secondary  wood,  scalariform 
perforations  with  few  bars  are  present.  Distegocarpus  Carpinus  and  aU  the 
investigated  species  of  Corylus,  on  the  other  hand,  have  exclusively 
scalariform  perforations  with  a  varying  number  of  bars  (4-16).  Wood- 
parenchyma  is  developed  in  greater  abundance  in  the  Coryleae  than  in  the 
Betuleae,  and  sometimes  forms  tangential  bands.  Amongst  the  Quercineae 
the  genus  Fagus  shows  considerable  diversity  in  the  structure  of  the  wood, 
and  the  differences  agree  with  the  splitting  of  the  genus  into  two  genera, 
Nothofagus  and  Eufagus,  attempted  by  certain  authors.  Thus  the  species 
of  Eufagus  possess  very  broad  medullary  rays,  which  attain  a  breadth  of  eight 
cells  even  in  the  wood  of  the  second  year,  whilst  in  the  species  of  NoAo- 
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fagus,  which  are  indigenous  in  the  antarctic  r^ons  of  America  and  Australia,  the 
rays  are  only  from  one  to  two  cells  broad ;  besides  this  difference  we  have  the  fact 
that  the  wood-fibres  have  bordered  pits  in  Eufagus  only,  while  in  Noikofagus  they 
bear  simple  pits,  and  are  sometimes  septate.  In  all  the  species  of  Fagus  the 
vessels  have  smaller  lumina  than  in  the  remaining  genera  oi  Querdneae ;  they 
also  exhibit  a  more  or  less  distinct  radial  arrangement.  The  perforations 
of  the  vessels  are  for  the  most  part  simple  and  elliptical,  often  elongated««> 
elliptical,  in  outline  ;  in  all  the  species,  however,  scalanform  perforations  have 
also  been  observed  ;.^  they  have  rather  a  small  number  of  bars,  and  occur  in 
the  neighbourhood\of  the  primary  wood,  sometimes  also  in  the  secondary 
wood.  The  walls  of  contact  between  the  vessels  bear  numerous  bordered 
pits,  which  occasionally  show  a  scalanform  arrangement ;  in  contact  with 
parenchyma  of  the  medullary  rays  simple  pits  are  present  on  the  walls 
of  the  vessels.  Spiral  thickening  of  the  walls  is  found  in  Fagtis  australis; 
Pdpp.,  and  F.  procera^  P6pp.  Molisch  met  with  deposits  of  carbonate 
of  lune  in  the  vessels  of  the  heart-wood  in  Fagtts  sylvaHca^  and  the  same 
feature  is  found  in  Betida  alba.  Wood-parench3m[ia  is  scantily  developed 
in  Fagus.  The  structure  of  the  wood  in  the  two  genera,  Castanea  and 
Castanopsis,  belonging  to  the  Querdneae,  shows  close  agreement.  Only 
narrow  medullary  rays,  1-3  cells  broad,  extend  outwards  from  the  four* 
rayed  pith.  The  vessels  are  scattered  in  the  transverse  section  of  the 
branch,  the  radial  arrangement  of  the  vessels  seen  in  most  CupuUferae  being 
suppressed  in  this  case.  The  perforations  of  the  vessels  are  chiefly  simple^ 
and  circular  or  elliptical ;  but,  as  in  the  other  members  of  the  Order  having 
simple  perforations,  those  of  the  scalanform  type  are  to  be  found  in  the 
neighbourhood  of  the  primary  wood,  and  in  some  cases  in  the  secondary  wood 
also.  In  contact  with  parenchyma  of  the  medullary  rays  the  walls  of  the 
vessels  bear  simple  pits.  The  wood-prosench3nna  has  bordered  pits  in  Castanea 
and  Castanopsis ;  the  wood-parench}m:ia,  which  sometimes  contains  solitary 
oystals,  is  developed  in  abundance.  The  genus  Quercus  agrees  with  Castanea 
and  Castanopsis  in  the  following  features :  (a)  the  tendency  to  form  scalariform 
perforations  in  the  vessels ;  (6)  the  occurrence  of  simple  and  bordered  pits  on 
the  walls  of  the  vessels  in  contact  with  parench}rma  of  the  medullary  rays ; 
(c)  the  bordered  pitting  of  the  wood-prosenchyma ;  (d)  the  abundant  devdop* 
ment  of  wood-parenchyma,  which  frequently  contains  ciystals ;  and  (e)  the 
suppression  of  the  radial  arrangement  of  the  vessels ;  it  is  distinguished  from 
these  genera,  however,  by  the  presence  in  the  wood  of  broad  medullary  rays, 
extending  outwards  from  a  pith  which  is  five-rayed  in  almost  all  cases 
(exceptions :  Quercus  lappacea,  Roxb.,  and  Q,  mactolepis^  Kotschy).  Amongst 
the  perforations  of  the  vessels  in  the  secondary  wood  of  Quercus^  those  of 
the  simple,  elliptical  or  drcular  type  invariably  preponderate,  but  in  all  the 
species  which  I  investigated  (sixty-seven  in  number),  and  likewise  in  those 
examined  by  Abromeit,  scalariform  perforations  were  always  present,  if  not 
in  the  secondary  wood,  at  any  rate  in  the  neighbourhood  of  the  primary  wood. 
With  regard  to  the  grouping  of  the  species  of  Quercus  on  the  basis  of  the 
anatomy  of  the  wood,  see  Abromeit. 

The  structure  of  the  pith  has  been  examined  by  Gris.  Alnus  and  Betula, 
Carpinus  and  Ostrya,  Quercus,  Fagus,  and  Castanea  have  a  homogeneous  pith, 
whilst  in  Corylus  alone  it  is  heterogeneous.  In  Corylus  the  periphery  01  the 
pith  is  composed  of  active  cells  with  rather  thick  walls,  whilst  the  central 
portion  consists  of  empty  cells  with  rather  wide  lumina  and  thin  walls. 
Regarding  an  abnormal  occurrence  of  medullary  vascular  bundles  with  central 
phloem  in  Alnus  glutinosa  see  Kunkele. 

Literature  :  Frank,  in  Bot.  Zeit  1864,  p.  377  et  seq.~Han8tein,  Harz-  u.  Schleiraabs.,  Bot.  Zeit. 
1868,  pp.  733  and  726  et  seq.  and  Tab.  zi-zii.— Gris.  Moelle,  Noav.  Arch.  Mns.  d*bist.  nat.,  t.  vi. 
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1870,  pp.  379-84  and  pi.  xviii-zix. — Rtdlkofcr»  in  Monoer.  Serfoma,  1875,  p.  :o4. — MoUer, 
Hokiuuit.,  Denkschr.  Wiener  Akad.  1876,  pp.  20-25  and  316. — Reinke,  SekrctioiuoTg.,  Piingsbeim 
Jahib.,  Bd.  z,  1876,  pp.  13S^40. — De  Bary»  Vei^^L  Anat.  1877.— C.  de  CandoUe,  Anat.  comp.  des 
feoilles,  M^m.  Soc.  phys.  et  dliist.  nat  de  G«nm  1879,  P*  443  ^  *^- — ^Hesselbaith,  VergL  Anat.  d. 
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copy,  pp.  83-4. — Soloeder,  Holzstr.,  1885,  pp.  250-^ — Kny,  Hole  v.  Qturcus  suber.,  Text  zu  bot 
Wandtaf.  Ixxiv-bcxri,  1886,  op.  303-34. — Petit,  P^ole,  M^dl  Soc  sc.  T>hys.  et  nat.  de  Bordeaux, 
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— Ross,  Periderma,  Malpighia,  toI.  iv,  1800,  p.  183. — ^Arcangeli,  in  Nqot.  Giom.  bot  Ita 
1891,  p.  370. — Steasborger,  LeitnngsbamicD,  1891,  pp.  266-76. — Hoolbert,  Bois  sec.  dans  les 
Apiteles,  Thiae,  Paris,  18931  pp.  132-54. — Widlicidc,  Membranschlebne^  Pringsheiin  Jahrb.,  Bd.  xxv, 
1893,  p.  209  et  seq.— Piantl,  in  Natiirl.  Pflanxcnfam.,  lit  Tell,  Abt  i  (1894),  pp.  38  and  47  et  seq. 
— ^Bosseboenf,  PMole  dn  QutrcuSy  Boll.  Soc.  bot  de  France  1896,  pp.  260-5.— Bcmbier,  Anat  syst. 
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Hofinnsenm,  Bd.  xi,  1896,  pp.  101-2.— ^ereixa  da  Fooaeca,  Estudo  comp^  da  estmctura  do  peciolo 
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de  aig.  espec.  de  ^juenus^  uoiet.  da  doaedade  isrocenana  ^oamora,  xiu,  i»9d,  pp.  45-59  and  lab.j 
— Rdche,  Chilen.  Holzpii.,  Jahrb.  f.  wiss.  Bot,  Bd.  xxz,  1897,  p.  96.— Virchow,  Blattzahne,  Arch, 
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SALICINEAE. 

The  two  genera  of  this  Order,  Salix  and  Populus,  have  the  following 
anatomical  characters  in  common :  in  the  structure  of  the  axis — superficial 
development  of  the  periderm,  isolated  bundles  of  bast-fibres  in  the  pericycle, 
stratification  of  the  phloem  into  hard  and  soft  bast,  narrow  medullary  rays  in 
the  wood,  simple  perforations  in  the  vessds,  simple  pits  on  the  walls  of  the 
vessels  where  they  are  in  contact  with  parenchyma  of  the  medullary  rays, 
wood-prosenchyma  with  simple  pits  and  sometimes  septate,  and  scantily 
developed  wood-parenchyma ;  in  the  structure  of  the  leaf — ^the  tendency  of 
the  stomatal  apparatus  to  differentiate  in  accordance  with  the  Rubiaceous 
type,  and  the  absence  of  glandular  hairs.  Oxalate  of  Ume  is  excreted  in  the 
leaf  and  axis  in  the  form  of  clustered  and  solitaiy  crystals.  Internal  secretory 
organs  are  absent.  The  two  genera  of  the  Salicineae  may  be  distinguished 
anatomically  by  the  place  of  origin  of  the  cork ,  in  SaUx  it  is  the  epidermis 
itself,  in  Populus  the  outermost  ^-layer  of  the  primary  cortex. 

I  have  examined  the  structure  of  the  leaf  in  Populus  nigra,  L.  and  Salix 
alba,  L.  In  both  species  the  epidermis  bears  simple  unicellular  hairs,  and 
stomata  are  present  on  the  two  sides  of  the  leaf.  In  Salix  alba  the  stomata  are 
accompanied  on  either  side  by  one  or  more  subsidiary  cells,  placed  parallel  to 
the  pore ;  whilst  in  Populus  nigra  this  type  of  stoma  is  not  always  so  well 
marked.  The  epidermis  in  many  cases  includes  cells  with  mucilaginous 
inner  walls,  thus  according  to  Radlkofer  in  Salix  acuminata,  S.  alba,  S.  auriia, 
S.  Caprea,  S.  cinerea,  S.  daphnoides,  5.  fragUis,  S.  grandifolia,  S,  incana,  and 
S.  ni^cans,  but  not  in  S.  amygdalina,  5.  rubra,  S,  viminalis,  Populus  alba, 
P,  mgra,  and  P.  tremula ;  occasionally  (S.  alba  according  to  Walliczek)  both 
the  inner  and  outer  wall  of  the  same  epidermal  cell  may  be  mucilaginous 
Acct>rding  to  Rothert's  abstract  of  DobrowUanskij's  work,  hypoderm  occurs 
beneath  the  upper  epidermis  in  some  members  of  the  Order,  and,  in  certain 
species  of  Salix  belonging  to  the  section  Rugosae,  the  epidermal  cells  here 
and  there  show  septation  into  two  or  three  cells;  the  latter  statement- may 
possibly  be  due  to  an  incorrect  interpretation  of  the  mucilaginous  epidermal 
cells.  According  to  DobrowUanskij,  the  mesophyll  varies  in  its  structure. 
Very  commonly  the  lowest  cell-layer  of  this  tissue  contains  little  chloro- 
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phyil,  and  is  differentiated  like  a  hypoderm;  according  to  my  own  observation 
this  is  also  the  case  in  Populus  nigra  and  Salix  alba.  In  these  two  species  the 
remainder  of  the  mesophyll  consists  of  palisade- tissue ;  in  other  species  dense 
or  loose  spongy  tissue  is  present.  Glandular  hairs  are  not  present  in  this 
Order.  In  place  of  them  the  leaf-teeth  in  certain  species  of  Salix  and 
Populus  have  a  vesicular  glandular  structure,  the  glandular  tissue  being 
formed  by  the  epidermis,  the  cells  of  which  are  transformed  into  long,  narrow, 
radially  arranged  prisms  ^. 

In  Salix  and  Pofndus  three  vascular  bundles  always  pass  into  the  petiole, 
and  in  both  genera  these  bundles  show  a  tendency  to  become  rolled  up  into 
a  circular  form  during  their  further  course  through  the  petiole.  In  the 
characteristic  region  we  meet  with  a  ring  of  wood  and  bast  in  Salix,  and 
several  superposed  rings  of  vascular  bundles  in  Populus,  For  details  see 
C.  de  CandoUe,  Petit,  and  especiaUy  Komaroff. 

I  have  examined  the  structure  of  the  wood  in  Populus  tremula,  L., 
P.  nigra,  L.,  Salix  alba,  L.,  and  S.  purpurea,  L.  The  medullary  rays  are 
narrow,  being  from  one  to  two  cells  in  breadth.  According  to  dchulz,  the 
medullary  rays  of  the  poplars  consist  entirely  of  cells  of  equal  height,  whilst 
those  of  the  willows  contain  two  kinds  of  cells,  the  one  elongated  in  the 
vertical,  the  other  in  the  radial  direction.  The  vessels  are  scattered  in  the 
transverse  section  or  are  arranged  in  radial  rows,  several  of  them  forming 
a  row;  their  diameter  attains  ^odd  mm.  The  perforations  are  simple.  In 
contact  with  one  another  the  vessels  bear  rather  large  bordered  pits  (oiameter 
of  the  polygonal  borders  »  •004—006  mm.),  but  in  contact  with  paiiench3mfia 
of  the  me<^lary  rays  there  are  simple  pits  of  the  size  of  the  border  in  the 
bordered  pits.  Wood  •  parenchjmoa  is  scantily  developed.  The  wood- 
prosenchyma,  which  has  fairly  thick  walls  and  rather  wide  lumina,  bears 
simple  pitSy  and  is  sometimes  (5.  alba)  septate. 

The  following  statements  regarding  the  structure  of  the  cortex  are  chiefly 
based  on  Mdller's  work.  According  to  Sanio,  Moller,  J.  E.  Weiss,  and  others, 
the  cork  arises  in  the  epidermis  in  the  numerous  investigated  species  of  Salix, 
but  in  the  species  of  Populus  it  always  develops  in  the  sub-epidermal  layer  of 
cells.  In  Populus  the  cork-cambium  first  gives  rise  to  several  rows  of  cubical 
cells  with  wide  lumina,  and  flattened  cork-cells  are  not  formed  until  later ;  in 
Salix  a  thin  stratum  of  cork  is  formed  each  year  consisting  of  a  few  layers  of 
ceDs,  which  luive  their  outer  tangential  walls  sclerosed.  Tne  outer  portion  of 
the  primary  cortex  is  collenchymatous,  and  in  certain  species  of  Poptflus 
includes  stone-cells,  which  sometimes  (P.  alba,  L.)  unite  to  form  a  ring. 
Isolated  groups  of  bast-fibres  are  developed  in  the  pericyde.  Groups  of  hard 
bast  are  always  present  in  the  secondary  bast,  and  they  are  often  so  arranged 
as  to  cause  stratification  of  the  phloem ;  in  some  cases  (P.  alba,  L.,  P.pyramidaMs, 
Roz.)  groups  of  stone-cells  occur  as  well.  Oxalate  of  lime  is  found  in  the  bast 
in  the  form  of  solitary  and  clustered  crystals,  the  former  being  contained  in 
chambered  ciystal-fibres,  whidi  sheathe  the  secondary  bundles  of  hard  bast ; 
they  are  enclosed  in  the  cell-wall.  The  medullarv  rays  of  the  phloem 
traverse  the  secondary  hard  bast  without  becoming  sclerosed. 

The  pith  is  heterogeneous  according  to  Mentovich,  the  periphery  being 
formal  by  active  cells,  the  central  portion  by  empty  cells.  In  those  portions 
of  the  stem  of  Populus  alba  and  Salix  amygdalina,  in  which  the  formation  of 
heart-wood  has  already  set  in,  the  pith  contains  deposits  of  carbonate  of  lime 
(Molisch). 


^  The  bads  of  the  poplar,  which  tat  covered  with  ahvnduit  balsam,  exhibit  a  similar  stnctnie  ; 
the  internal  bnd-scalet  have  glandnlar  surfaces,  cooststinff  of  epidermal  cells  elongated  like  palisade, 
and  coveted  by  a  thin  cnticle  (see  Hanstein,  loc  cit.»  ^d  Aieschoog,  Acta  Lwid.  1870,  tab.  it,  40). 
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SoUareder,  Holxstr.,  1885,  p.  asj^.— Petit,  P^tioli^  Mdm.  Soc.  ic  pbys.  et  nat.  de  Bordeanz,  s^r.  5, 
t  tii,  1887,  p.  346  and  pL  ii-iii.— Dobrowlianakij,  Veigl.  Anat  d.  BL  d.  S.,  Arb.  St.  Petenb.  natnrf. 
Getdlirh.,  Bd.  ziz,  1888  (Rniiian)  pp.  161-70 ;  abetr.  hj  Rothert,  in  Bot  Centralbl.  1889,  ii,  p.  487. 
— Dooliot,  PMdcrme,  Ann.  sc  nat,  a^r.  7,  t  z,  1889,  pp.  33^1.— J.  £.  Weiai,  Koikblld.,  Denkichr. 
RcBenaboig.  bot  Geiellsch.  1890,  aep.  copy*  p.  5a. — ^Roei,  Periderma,  Malpigbia,  vol.  iv,  189Q,  p.  104. 
— Stnsbaiger,  Lettnngabahncn,  1891,  pp.  ao7-i3. — Honlbert,  Bois  aec.  dans  les  Ap^tales,  Th^ 
Paib,  1^3}  pp.  130-a.— Wallicsek,  Membranachleime,  Pringtheim  Jahrb.,  Bd.  zxv,  1893,  p.  a38. — 
Paz,  in  Natfirl.  Pflanaen^un.,  iii.  Tetl,  Abt  i  (1894),  pp.  30-1.— Lazniewski,  Biol.  d.  Alpenpfl., 
Diss.,  Miinchen,  1896,  p.  40  et  seq. ;  sep.  copy  from  Flora  1896.'— Virchow,  Blattxahne,  Arch.  d. 
Pharm.  1896,  sep.  copy,  pp.  51  and  61. — Komaroff,  Stmct  fol.,  Bnll.  Herb.  Boissier  1807,  pp.  aa6- 
46.— Knhla,  Phelloderm,  Bot.  CentralbL  1897,  iii,  p.  116.— [Theorin,  Om  bladt  glandfema  hoe  en 
del  Salices,  Stockholm,  i88a.— Sottaii^  Ban  d.  Stammes  d.  &,  abstr.  in  Oest.  bot.  Zeitschr.  1899, 
p.  117  (appeals  in  Sitz.-Ber.  Wiener  Akad.).] 

LACISTEMACEAE. 

This  smaU  Qrder»  which  consists  of  the  single  genus  Lacisiema,  is  of 
uncertain  systematic  position,  having  been  regarded  by  systematists  as  allied 
to  the  Piperaceae»Chloranthaceae,  Urticaceae.  and  Samydaceae ;  it  has  neither 
the  resin-cells  of  the  Piperaceae  and  Chloranthaceae,  nor  the  secretory  cavities 
of  the  Samydaceae,  nor  the  cystoliths  of  the  Urticaceae.  Its  anatomical 
characteristics  are :  vessels  with  rather  small  lumina,  and  scalariform  perfora- 
tions ;  narrow  medullary  rays  in  the  wood ;  wood-prosenchyma  with  few  but 
distinctly  bordered  pits ;  a  composite  and  continuous  ring  of  sclerenchyma  in 
the  pericycle;  superficial  development  of  cork;  and  the  absence  of  internal 
and  external  glands.  Oxalate  of  lime  is  excreted  in  the  form  of  clustered  and 
solitary  crystds.  The  trichomes  are  simple.  Tannin  is  present  in  abundance 
in  all  parts  of  the  plant. 

I  have  exammed  the  structure  of  the  leaf  in  Lacisiema  intermedium, 
SchnizL,  and  L.  pubescens.  Mart.  The  leaves  in  these  two  species  have  typical 
bifacial  structure,  the  spongy  tissue  being  very  lacunar.  The  stomata  are 
restricted  to  the  lower  side  of  the  leaf,  and  are  surrounded  by  three  or  more 
epidermal  cells,  which  in  some  cases  show  a  certain  degree  of  differentiation 
as  subsidiary  cells.  The  vascular  bundles  of  the  laiger  veins  are  accompanied 
by  sclerenchyma.  Clustered  crystals  are  found  in  the  mesophyll,  and  in  the 
veins.  The  hairs  are  simple ;  they  have  rather  thick  walls,  and  are  unicellular, 
or  septate  owing  to  the  presence  of  delicate  transverse  walls ;  the  basal 
portion  of  the  hair  is  provided  with  rather  large  pits,  elongated  in  the  direction 
of  the  length  of  the  hair. 

I  have  examined  the  structure  of  the  axis  in  L.  pubescens.  Mart,  and 
L.  myriccides,  Sw.  The  following  statements  may  be  added  to  the  data  given 
above  on  this  subject.  The  medullary  rays  of  the  wood  are  from  one  to  two 
ceUs  in  breadth,  and  are  chiefly  composed  of  cells,  which  are  elongated  in  the 
vertical  direction.  The  vessels  are  quadrangular  in  transverse  section,  varying 
numbers  of  them  being  arranged  in  radial  rows.  The  bordered  pits  on  the 
walls  of  the  vessels  are  small  (diameter  of  border  ■■•002—003  mm.),  and  are 
also  found  on  the  walls  in  contact  with  wood-parenchyma,  or  parenchyma  of 
the  medullary  rays.  The  scalariform  perforations  have  a  varying  number  of 
bars ;  in  L.  myrtcoides,  where  the  bars  are  rather  broad,  as  many  as  twenty 
may  be  present.  Wood-parenchyma  is  somewhat  abundant.  A  few  stone- 
cells  sometimes  occur  in  the  primary  cortex.    The  cork  in  L.  pubescens  arises 
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sub-epidermally,  and  includes  cells  having  their  walls  more  strongly  thickened 
on  one  side  (viz.  the  inner  tangential  and  the  contiguous  portions  of  the 
radial  walls).  Oxalate  of  hme  is  found  in  the  medullary  rays  of  the  wood  in 
the  form  of  ordinary  sohtary  crystals. 

Litentnre:    Bokoiny,  Duichs.  P.,  Flora,  i88a,  P>  SJii  lep.  copy,  p.  35. — Solereder,  Holzstr., 
1885,  pp.  359-60.— Engler,  in  Natiirl.  Pflanzeniam.,  iii.  Tefl,  Abt.  i  (1894),  p.  15. 

EMPETRACEAE. 

This  small  Order,  the  members  of  which  are  distinguished  by  ericoid 
habit  and  by  possessing  rolled  leaves,  shows  great  uniformity  in  the  anatomical 
structure  of  the  vegetative  organs.  In  illustration  of  this  statement  the 
following  characters  may  be  pointed  out :  the  apparently  bifacial  structure 
of  the  leaf ;  the  mucilaginous  epidermis  of  the  leaf ;  the  absence  of  a  special 
type  of  stoma ;  the  very  small  lumina  of  the  vessels ;  the  tendency  to  form 
scalariform  perforations  in  the  vessels;  the  narrow  medullary  rays  of  the 
wood ;   wood-prosenchjrma  with  bordered  pits ;  the  scanty  development  or 


Fig.  188.  Transveffse  section  through  the  Xea^S  ct  Empeirum  nigrum,  L.^Oricinal. 

complete  absence  of  sclerenchyma  in  the  cortex ;  the  origin  of  the  cork  in  the 
pericycle  ;  the  excretion  of  oxalate  of  lime  in  the  form  of  clustered  crystals 
or  sphaerites ;  and  the  hairy  covering,  which  is  formed  by  simple  unicellular 
trichomes,  and  short  glandular  hairs  having  a  stalk  composed  of  one  or  a  few 
cells,  and  an  ellipsoidal,  uni-  or  multicellular  head. 

The  structure  of  the  leaf  has  been  examined  in  all  the  four  species  of  the 
Order  (Empettum  nigrum^  L.  Fig.  188,  Coretna  album,  Don,  C.  Conradii,  Torr., 
and  Ceratiola  ericoides,  Michx.).  The  leaves  of  all  the  species  belong  to  the 
category  of  rolled  leaves,  being  deeply  fiurowed  on  the  lower  side.  This 
furrow  does  not,  as  would  appear  at  first  sight,  originate  by  the  bending  back 
of  the  margins  of  the  leaf,  but  according  to  Gibdli  and  Gruber  it  is  due  to 
more  rapid  growth  of  the  portions  of  the  lower  side  of  the  leaf  situated  on 
eiUier  side  of  the  midrib ;  in  consequence  of  this,  a  groove  first  arises,  but 
this  subsequently  becomes  closed  owing  to  the  lateral  extension  of  the  more 
rapidly  growing  portions,  and  thus  forms  a  central  cavity.  The  epidermis, 
which  limits  the  rolled  leaf  externally,  is  distinguished  by  having  a  strongly 
thickened  outer  waU,  by  the  absence  of  stomata,  and  by  the  gelatinization 
of  the  inner  cell-walls.  The  gelatinization  has  been  correctly  interpreted  by 
Gruber  and  others  only  in  the  case  of  Empetrum\  but  according  to  my  own 

'  The  gelatinization  is  fonnd  both  in  the  lowland,  and  in  arctic  and  alpine  specimens  (see 
Wagner,  Sitz.-Ber.  Wiener  Akad.,  Bd.  ci,  Abt.  i,  189a ;  Warming,  Om  Gioenlands  Vegetation, 
1888 ;  and  Boergesen,  Jonmal  de  Botoniqne,  1895,  p.  3). 
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investigations  it  ako  occurs  in  the  other  three  species,  in  which  some  of  the 
inadlaginons  inner  walls  {Corema  album  and  CeraUola)  have  a  conical  form 
and  penetrate  the  leaf- tissue,  while  in  some  cases  they  also  exhibit  a  nimib^  of 
unaltered  cellulose-lamellae  (e.  g.  in  Corema  Conradti),  The  epidermis  fining 
the  central  cavity  of  the  rolled  leaf  has  thinner  outer  walls,  and  includes  the 
stomata,  the  latter,  according  to  GibeUi,  being  surrounded  by  several  ordinary 
epidermal  cells  in  Empdrum.  The  inner  epidermis  is  also  furnished  with 
trichomes,  which  consist  of  glandular  hairs  and  simple  unicellular  hairs.  The 
former  have  a  short  unicellular  or  uniseriate  stalk  (in  the  latter  case  composed 
of  a  few  cells),  and  an  ellipsoidal  head,  which  is  unicellular,  or  divided  into 
several  cells,  the  division-walls  being  chiefly  horizontal,  one  or  two  vertical 
walls  being  also  present.  The  simple,  unicellular  hairs  are  so  abundant  in 
Corema  album  and  Ceratiola  that  they  foim  a  tangled  mass  fiUing  the  entire 
cavity  of  the  rolled  leaf.  In  Empetrum  and  Corema  Conradii  they  are  chiefly 
present  at  the  margin  of  the  leaf,  and  those  on  the  two  margins  become 
interlocked,  thus  firmly  closing  the  aperture  of  the  central  cavity.  BeQeath 
the  outer  epidermis  of  the  rolled  leaf  there  is  more  or  less  typical  palisade- 
parenchyma,  whilst  spongy  tissue  is  situated  above  the  epidermis,  Uning  the 
central  hollow,  so  that,  if  the  course  of  development  be  disregarded,  the  leaf 
may  be  described  as  bifacial.  There  are  no  sclerenchymatous  elements 
accompanying  the  vascular  bundles  of  the  veins.  Internal  secretory  elements 
are  likewise  absent.  Oxalate  of  lime  is  found  in  the  leaf  of  Empetrum  in  the 
form  of  clustered  crystals,  and  of  beautiful  sphaerites  with  radial  striation  and 
concentric  stratification ;  in  the  leaf-tissue  of  Corema  album  oxalate  of  lime 
only  occurs  in  the  form  of  clustered  crystals. 

I  have  examined  the  axis  in  Empetrum^  Corema  albums  and  Ceratiola 
ericoides.  In  transverse  section  the  wood  (and  this  also  applies  to  Corema 
Conradii)  shows  scattered  vessels  with  small  lumina  (maximum  diameter 
=  .024 --03  mm.),  and  narrow  1-2-seriate  medullary  rays,  the  cells  of  which 
are  more  or  less  elongated  in  the  vertical  direction.  The  perforations  of  the 
vessels  are  scalariform  (with  as  many  as  ten  bars)  in  Empetrum^  whilst  in 
Corema  and  Ceratiola  they  are,  for  the  most  part,  simple  and  elliptical,  more 
rarely  scalariform.  In  contact  with  parenchyma  of  the  medullary  rays  the 
waUs  of  the  vessels  bear  slit-shaped  bordered  or  unbordered  (?)  pits.    Wood- 

erenchyma  is  scantily  developed;  the  wood  -  prosenchyma  has  distinct 
rdered  pits.  The  following  points  are  noteworthy  in  the  corteac,  etc.  The 
epidermis,  like  the  outer  epidermis  of  the  rolled  leaf,  has  a  very  thick  external 
wafl.  Sclerenchymatous  fibres  are  rarely  met  with  at  the  outer  hmit  of  the 
bast,  being  isolated  in  Empetrum  according  to  Gibelli,  and  forming  bundles  at 
some  points  in  Ceratiola.  The  first  layer  of  periderm  arises  in  the  pericycle. 
In  Corema  album  the  cells  of  the  cork  are  strongly  thickened  on  one  side  (viz. 
on  the  inner  tangential  wall).  Sclerenchymatous  elements  are  entirely  absent 
in  the  secondary  bast.  In  Ceratiola  the  subepidermal  cell-layer  of  the  cortex 
has  its  inner  tangential  walls  sclerosed,  so  that  the  cells  appear  thickened  in 
the  form  of  a  horseshoe  in  transverse  sections  of  the  branch. 

litenduze :  GibeUi,  Strntt.  delle  foglie  delle  £.,  Nnov.  Giom.  bot  Ital.,  toI.  Tiii,  1876,  pp.  49- 
60  and  taT.  y-yl — Graber,  Anat.  u.  Eotw.  d.  Bl.  too  Empetrum^  Diss.,  Koiugsberg,  1882,  38  pp.— 
Soleieder,  Holtstr.,  1883,  p.  a6a— Pax,  in  Natiirl.  Pflanz«i£un.,  iii.  Tdl,  Abt.  5,  1891,  p.  134.— 
[Mac  Ewan,  Comp.  anat.  of  Corema,  etc.,  BalL  Torrey  bot  Clnb,  vol.  xxi,  1894,  pp.  277-85.] 

CERATOPHYLLEAE. 

There  is  little  to  be  said  regarding  the  anatomy  of  this  interesting  Order, 
which  includes  the  single  genus  Ceratophyllum  with  about  three  species  ;  it  is 
well  known  that  the  members  of  this  Order  are  submerged  plants,  having  no 
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land-forms,  producing  no  roots,  and  flowering  and  fruiting  beiieath  the 
surfiice  of  the  water.  Features  of  special  note  are  the  com]dete  absence  of 
vessels  and  of  stomata. 

.  '  The  axis,  which,  Uke  the  leaf,  has  been  spedally  examined  in  C.  demer- 
sum^  L.  by  H.  Schenck,  has  an  ep>idermis  containing  chlorophyll,  and  devoid 
6t  stomata.  Beneath  the  epidermis  is  the  primary  cortex,  in  which  the  outer- 
most cell-layers  are  collenaiymatous,  while  the  inner  portion  contains  a  ring 
of  air-spaces  separated  from  one  another  by  radial  plates,  one  layer  of  cells  in 
thickness.  Numerous  tannin-cells  with  suberized  waUs  are  present  throughout 
the  primary  cortex.  The  vascular  system  of  the  stem  is  delimited  from  the 
primary  cortex  by  a  typical  endodermis  containing  starch,  and  provided  with 
Caspary's  dots.  The  centre  of  the  vascular  strand  is  occupied  by  an  axile  air- 
canal,  arising  by  the  resorption  of  a  small  group  of  elements,  but  according  to 
Caspary,  Sanio,  and  Schleiden  this  group  does  not  consist  of  tracheae  (as  is 


Fig.  i8q.   Transverse  aectioa  throufffa  the  fibro-Tiacnlar  tyttem  of  drmMkyllum  demerwm^  L.^after 
fLScbenck.  *  ^ 

the  case  in  AldrovandUy  for  example),  but  of  procambial  cells  with  narrow 
lumina  and  delicate  walls.  The  axile  canal  is  surrounded  by  an  annular  zone 
of  collenchymatous,  parenchymatous  cells,  which  contain  starch  and  are 
elongated  in  the  vertical  direction ;  as  shown  by  H.  Schenck,  they  are  to  be 
regarded  as  xylem  (wood-parenchyma),  though  they  include  no  vessels. 
From  the  xylem-portion  a  ring  of  phloem  extends  as  far  as  the  endo- 
dermis ;  this  phloem  consists  of  bast-parenchyma  and  sieve-tubes ;  the  latter 
have  wide  lumina,  are  provided  with  companion  cells,  and  are  arranged  in  two 
rings  in  the  transverse  section.  Vessels  and  lignification  are  thus  entirely 
absent  in  the  stem  of  CeratophyUum, 

According  to  H.  Schenck,  the  segments  of  the  leaf  in  CeratophyUum 
deffiersum  are  elliptical  or  circidar  in  transverse  section,  and  are  traversed  by 
a  vascular  bundle,  which  runs  nearer  to  the  upper  side,  contains  no  vessels, 
and  is  surrounded  by  a  parenchymatous  sheath.  The  epidermis  of  the  leaf  is 
devoid  of  stomata,  and  consists  of  low  cells,  which  are  polygonal  in  surface-view, 
and  contain  chlorophyll.  The  latter  is  less  abundant  in  the  parenchyma  of 
the  leaf  than  in  the  epidermis.  The  mesophyll  is  not  particulaLrly  strongly 
developed,  and  is  traversed  longitudinally  by  air-canals;  of  these. threfe  on 
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the  lower  side  are  large,  and  are  separated  from  one  another  by  septa  of 
a  single  layer  of  cells,  while  on  the  upper  side  there  are  two  much  smaller 
canals.  The  parenchj^ma  of  the  leaf,  like  that  of  the  cortex,  contains  tannin- 
cells.  The  apices  of  the  segments  of  the  leaf  in  CeraiophyUum,  as  in  those 
of  MyriopkyUum,  are  occupied  hy  a  long,  shaggy,  multiseriate  glandular 
structure,  the  oily  contents  of  which  are  rose-coloured  in  young  stages  and 
subsequently  become  rich  in  tannin.  On  either  side  of  each  of  these  glands 
there  is  a  long,  pointed  unicellular  hair.  It  has  not  yet  been  determined 
whether  these  peculiar  glands,  which  subsequently  disappear,  serve  for  the 
jM-otection  of  the  young  leaf-tips  against  parasites. 

Regarding  the  relation  of  the  axile  strand  in  the  stem  to  the  leaf-trace 
strands,  we  may  state  on  the  authority  of  De  Bary  that  CeratophyUum  is 
one  of  those  plants  in  which  the  strands  found  in  the  stem  are  cauline,  and 
have  apical  growth,  whilst  at  the  nodes  branches  pass  off  from  the  cauline 
strands  into  the  leaves. 

Literature:  Schleiden,  Kenntnis  der  C,  Liimaea  1857,  np.  530-a. — Caspary,  in  Mooattber. 
Berliner  Akad.,  1863,  p.  466.— Sanio,  Endog.  Gefassbiindelbild.,  Bot  Zeit  1864,  p.  323.— Borodin, 
Bbttsp.  einig.  Wasaerpfl.,  Bot  Zeit.  1870,  p.  85a— Magnas,  Bemerk.  z,  Anft.  v.  Borodin,  Bot.  Zeit. 
1 871,  p.  48a :  here  cited :  Mercklin,  Blattgest.,  Jena,  1 846,  pp.  72-7  and  Tab.  i ;  see  also  Hegelmaier, 
in  Bot.  Zeit  1871,  p.  501. — ^De  Bary,  Vergf.  Anat.  1877.— Areschong,  Blad.  anat,  Minnesakr., 
Land,  1878,  p.  144  et  sec^.—Kleidcer,  Anat  et  d^vel.  de  CeratophyUum^  Bihang  K.  Svenska  Vet- 
Akad,  Handlmgar,  vol.  ix,  n.  10, 1885,  23  pp.  and  3  Tab. ;  see  also  Bot.  CentraTbl.  i88fi,  i,  p.  157 
et  seq.— H.  Schenck,  VergL  Anat  d.  sabmers.  Gew.»  Kassel,  1886,  pp.  lo-ii  and  38,  Tak  i  and  vi. 
— DntaiUr,  Glandes  fol.  des  Ciraiophylinm,  etc.,  Assoc.  Uan^^  p.  TaTanoem.  des  sc.,  Paris,  1891, 
p.  aao.— Engler,  in  Natarl.  Pflanzenfun.,  iii.  Teil,  Abt.  a  (1894),  p.  1 1.— Schilling,  Schleimbild.  d. 
WasserpfL,  Pima  1894,  p.  337. 
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ADDENDA 

RANUNCULACEAE  (pp.  14-20). 

1.  There  is  little  to  add  to  the  Review  of  Anatomical  Features  given 
in  the  earlier  part  of  this  book.  Qustered  crystals  of  oxalate  of  Ume  have 
also  been  obs^ed  in  the  petiole  in  species  of  Thalidrumy  and  in  the  leaf* 
sheath  in  Anemone  japonica^  S.  et  Z. ;  arm-palisade-cells  have  also  been  re- 
corded in  species  of  Aaanis^  CUnuUis^  Delphinium  and  NigeUa.  The  structure 
of  the  stem  has  been  shown  to  be  astelic  in  species  of  Anemone^  CaUha^  Eranthis, 
Oxygraphis  and  Ranunculus  (ind.  Ficaria). 

2.  Structure  of  the  Leaf.  Numerous  details  regarding  the  nature 
of  the  epidermis  and  the  structure  of  the  leaf  are  to  be  found  in  Goffart's 
work '.  The  stomata  are  confined  to  the  lower  side  of  the  leaf  in  AdoM, 
Anemone  pro  parte,  AquUegia^  Delphinium  and  TroUius,  but  occur  on  both 
sides  in  Adonis,  Anemone  pro  parte,  CaUha,  Ceraiocephalus,  Iso^yrum^  Myosurus 
and  NigeUa.  There  is  no  arm-palisade-parenchjmia  (see  also  aoove)  in  nepaiica 
and  Pfdsatillay  while  in  Aconitum  columbianum,  according  to  Schwartz-Clements, 
it  is  only  present  in  the  shade-leaves.  The  clustered  crystals  of  oxalate  of  lime, 
found  m  Anemone  and  Thalictrum^  have  already  been  referred  to  above. 
Sphaerocrystalline  masses  of  tmknown  chemical  composition  have  been  observed 
in  Ranunculus  aconiUfoliuSy  L.,  R,  platanifolius,  L.  and  R.  sardous,  Crtz. ; 
according  to  Schafihit,  similar  deposits  are  present  in  the  floral  organs  in  species 
of  Ceralocephalus  and  Thalictrum.  The  small  club-shaped  (see  Fig.  i,  /)  or 
conical  (see  Fig.  i,  G)  trichomes  have  recently  been  shown  to  occur  also  in 
species  of  Admis^  Anemone,  AquUegia,  Delphinium,  Isopyrum,  NigeUa  and 
TfoUius,  whilst  longer  tubular  hsurs  vdth  a  basal  ventricose  swelling  have  been 
recorded  for  species  of  Delphinium  and  Helleborus.  For  information  as  to 
the  number  and  course  of  the  vascular  bundles  in  the  petiole,  see  especially 
GoSart  and  Ziegler  ;  in  Paeonia  the  bundles  are  less  isolated  than  in  the  other 
genera. 

3.  Structure  of  the  Axis.  According  to  Ziegler,  anomalous  structure 
of  the  stem  is  also  found :  (a)  in  Ddphinium  Requieni,  in  which  numerous 
medullary  vascular  bundles  are  present  in  the  lower  part  of  the  stem ;  and 
(b)  in  Paeonia  officinalis,  in  which  a  single  cortical  concentric  vascular  bundle 
with  central  phloem  is  found  in  certain  parts.  According  to  the  same  author, 
Thalictrum  pyrrhocarpum  differs  from  other  species  of  its  genus  in  having  no 
medullary  bundles. 

Note. — According  to  Stapf,  an  anomalous  structure  of  the  tuberous  roots  of 
Aconitum  is  characteristic  of  the  Indian  species,  belonging  to  the  sections  Anthora 
(A.  totundifolium,  Kar.  et  Kir.,  A.  heieropli^Uum,  WalL,  A.  naviculars^  Stapf,  A,  pal- 
nuUum,  Hook.  1,  and  probably  also  A.  Hooheri,  Stapf)  and  Deinorrhizum  {A.  deinor- 
rhisum,  Stapf  and  A.  Balfourit,  Stapf),  and,  according  to  Irmisch,  Goris  and  A.  Meyer, 
is  also  found  in  A.  Anthora.  In  these  species  the  parenchymatous  ground-tissue 
of  the  central  cylinder  includes  several  vascular  strands,  for  the  most  part  con*> 


'  In  this  treatise  the  following  genera  are  dealt  with :  Aconitum^  Actaea,  Adonis j  Anemone, 
Aquilegia,  Caltka,  Ceraiocepkalus,  Cimicifi^f  Delphinium,  Eranthis,  Helleborus,  Isopyrum, 
Myosurus,  NigeUa,  Paeonia,  Ranunculus,  Thalictrum,  Trollius, 
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centric  in  structure,  and  each  havine  a  small  pith  of  its  own,  and  growing  in  thickness 
by  means  of  a  partial  cambium ;  these  strands  are  arranged  in  a  circle  in  the  trans- 
verse section,  tne  outline  of  eac^  strand  being  annular  or  stellate  in  the  AtUhora- 
type,  but  tangentially  elongated  (band-shaped)  in  the  Deinarrhisum^type,  Both 
on  the  outer  and  inner  sides  of  this  vascular  system  there  are  numerous  phloem- 
bundles  situated  in  the  parenchymatous  ground-tissue,  and  right  at  the  centre  there 
is  a  small  indistinct  pith.  l?he<mode  of  d^evelopment  of  tms  anomaly  has  been 
determined  by  A.  Meyer  in  A.  heterophyllunu  In  the  pith  of  the  tuberous  root, 
that  is  to  say  on  the  inner  side  of  the  normal  vascular  system,  which  grows  in  thick- 
ness by  means  of  a  no^al  cambium,  a  secondary  meristem  of  circular  outline  in 
transverse  section  is  developed ;  this  meristem  produces  parenchyma  and  phloem- 
bundles  on  its'  inner  side,  and  parench3ana,  sometimes  togeth^  ydth  tracheae,  on  its 
bu€er  side.  This  secondary  cambial  rmg  next  becomes  united  at 'one  poirit  with  the 
external  (normal)  cambium,  and  consequently  in  a  transverse  section  it  appears 
as  though  only  one  (the  outer  normal)  cambium  were  present,  though  stax>ngly 
invaginated  at  one  point  into  the  pith.  In  the  further  course  of  development 
.the  two  cambia,  i.  e.  the  secondary  meristem  and  the  normal  cambium,  fuse  at 
other  points  also,  and  in  this  way  the  concentric  bundles  mentioned  above  originate, 
each  being  surrounded  by  a  partial  cambium.  It  will  be  well  to  mention  that 
according  to  Hartwich  and  Neuber  the  anomalous  structure  just  described  may 
sometimes  also  be  met  with  in  A,  Napellus ;  in  the  tuberous  roots  of  this  species, 
moreover,  other  anomalies  occur  locally,  but  for  these  the  raider  must  be  rSerred 
to  the  literature,  especially  the  works  of  A.  Meyer,  Hartwich,  and  Neuber.  Re- 
garding the  retiform  rhizomes  and  roots  of  A,  Lycoctonum  see  ibid,  and  Jost,  loc.  cit. 
For  the  structure  of  the  root  in  the  Ranunculaceae  generally  see  also  Lenf ant. 
Mansion,  Sterckx,  11.  cc.  The  bulbils  in  the  axils  of  the  leaves  of  kanunctUus  Ficaria 
are,  we  may  add,  formed  mainly  by  a  negatively  geotropic  root-structure,  as  shown 
by  their  anatomy. 

litentnre :  Inniich,  Aconitum  Napeilus^  Zeitschr.  d.  ges.  Natnrwiss.,  1854,  pp.  181-93  and 
Ttb. iii-v.— Waaowiot,  AcotUtum  heUrophylium,  Archivd.  Pharm.,  1879,  i, p.  ai;  et leq. — A.  Mmr, 
Aconitum  Napeilus^  etc,  Archiv  d.  Pharm.,  1881,  ii,  pp.  340-76.— Langgaard,  Japan,  u.  chin. 
AconitknoUen,  Archiv  d.  Pharm.,  i88x,  i,  p.  161  et  seq.---Costantin,  TigeB  a^r.  et  sont.,  Ann.  sc 
nat.,  8^r.  6,  t  xvi,  1883,  p.  88  et  aeq.— Costantin,  Tiges  d.  pi.  aqu.,  Ann.  scnat,  %h.  6,  t.  xix,  1884, 
p.  287  et  seq.  and  dI.  16.— Joit,  Zerkluftnng  einiger  Rhiz.  etc.,  Bot  Zeit.,  1890,  p.  485  et  seq.  and 
Tab.  vi — TMiczmsld,  Anat.  des  An^moncB  hybrides,  Compt.  rend.  Acad.  Cracovie,  xxiv,  189a, 
pp>  105-30  and  pi.  ii-iii.] — [Tc^ini,  Stomi,  Atti  1st.  bot.  Pavia,  1894;  abstr.  in  Jnst,  1894, 
1,  p.  466,  and  Bot.  CentralbL  Beih.,  1894,  p.  433.I — fBastin,  Struct,  of  Cimidfuga^  Americ. 
Jonm.  Phanp.  1895,  pp.  131-8.] — Borgesen,  Arkt  pi.  bladbygn.,  Bot.  Tidsskrift,  1895,  p.  319  et  seq. 
— [Nihonl,  Et.  anat.  des  Ranunc,  M^.  cour.  et  m^m.  d.  savants  Strang.  Acad.  d.  Bel^qne,  1895.] — 
Zie^ler,  Gefassbiindel  im  Stengel  der  Ranunc,  Diss.,  Erlangen,  1895,  41  pp.— MacDou^^l, /r^/;^iM 
occuUntale,  Bot.  Gaz.  xxi,  1896,  pp.  380-2. — Janczewski,  Anenumi,  Revue  de  bot.  1897,  p.  337  et 
seq.  and  pi.  18-19  (racine),  and  loc  dt.  1898,  pp.  433  and  507  et  seq.  and  pi.  16-19  (^g^^* — 
Lenfant,  Delphinium,  Arch,  de  Tlnstitnt  bot.  de  TUniv.  de  Li^ge,  i,  1897,  70  pp.,pL  i-xi. — Mansion, 
Thalictrum  Jlavum,  ibid.,  104  pp.,  pi.  i-xiv.— Sterckx,  CMmatidto,  ibid.,  88  pp.,  pi.  xv-xxix.— 
Spanjer,  Wasserapparate,  BoL  ZeiL  1898,  i,  p.  54.— Weinrowsky,  Scheitelolfn.  bei  Wasserpf).,  Diss., 
Berlin,  1898,  p.  33.— Minden,  Wassersec  Org.,  Bibl.  bot..  Heft  46,  1899,  pp.  33  and  33.— [Collin, 
Hydrastis  canadensis,  Joum.  de  Pharm.  et  de  Chimie  1900,  p.  309;  abstr.  in  Just  1900,  ii,  p.  16.I— 
"Kliem,  Veget.  Regenerationsorg.,  Diss.,  Erlangen,  1900,  p.  41.— [ResvoU,  Nogle  arkt.  ranunklers 
morfologi  og  anatomi,  Nyt.  Magaz.  for  Natnrvidenskab.  1900,  35  pp.,  pi.  xii-xiv.] — Schleichert, 
■Xerophyten  der  Muschelkalkh.  bei  Jena,  Natnrwiss.  Wodienschr.  1900,  p.  449  {Anemone), — Thomas, 
Feuilles  sout.,  Th^,  Paris,  1900.— Gofiart,  Anat.  des  feuilles  dans  les  Ranunc,  Arch,  de  ITnstitut 
bot.  de  llJniv.  de  Li^ge,  iii,  1901,  190  pp.  and  14  pL,  especially  p.  150  et  seq.— [Goris,  Acmitum, 
Bull.  Sc  Pharmacol.  1901,  no.  4 ;  abstr.  in  Just,  1901,  ii,  p.  37.  J— Petersen,  Vedanatomi,  looi,  p.  41. 
— Bouygues,  PMole,  Th^,  Paris,  1903,  p.  10.— Mardner,  Phan.-Vesetat.  der  Kerguelen,  Diss., 
Basel,  1903,  pp.  38-31  {Ranunculus).— T^oxht,  Unbenetzbare  Blatter,  Diss.,  Heidelberg,  1903,  p.  16. 
— [Tschirch,  Helleborus-iyrogtiif  Scfaweizer.  Wochenschr.  f.  Pharm.  1903,  no.  35;  abstr.  in  Tust, 
1903,  ii,  p.  68.]— [Vanderlinden,  Alcal.  et  glycosides  dans  la  fiimille  des  Rainunc,  Recueil  de  1  Inst 
bot.  de  Bruxelles,  v,  1903,  pp.  135-78  :  abstr.  in  Bot.  CentralbL,  xcii,  p.  167.]— [Finlayson,  Stem- 
structure  of  some  leafless  plants,  Transact,  and  Proc  New  Zealand  Inst.  I903»  P*  360  et  seq.  {Clematis 
A^/tia/0).V-Schonte,  Stelartheorie,  Jena  and  Groningen,  1903,  pp.  11 3-1 5. — ^Theorin,  Vaxttrichom., 
Arkiv  for  Bot  i,  1903,  p.  171. — XYxXo,  Hepaiica  transsilvanica^  Diss.,  Klansenburg,  1904,  Hungarian.] 
— Freidenfeldt,  Anat  Bau  der  Wurzel,  Bibl.  bot.  Heft  61,  1904,  pp.  45-54.— Neuber,  Verri.  Anat 
d.  Wuiaebi,  Diss.,  Bern,  1904,  pp.  5-53  {Aconitum,  Helleionts),—SchMSnit,  Nekt  der  Ranunc, 
Diss.,  Erlangen,  X904. — Siissenguth,  Behaarungsverh.  der  WUrzburger  MuschelkaUcpil.,  Diss.,  Wlirz^ 
buig,  1904,  pp.  17-18.— Theorin,  Vaxttrichom.,  Arkiv  for  Bot.,  iii,  na  5,  1904,  p.  17.— [CWk 
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Cotyledon-  alid  kaf-itnictnre  in  certain  Rannnc,  Tomj^  1905,  pp.  164-^.] — Saitotty  Reefa.  I"^^* 
sar-l'anat.  dcs  pL  Affine>»  Ann.  k.  nat.,  1^.  o,  t  ii,  1905,  pp.  .1-25  {Ametmuu,  J^ammeuhu,  Tka* 
/K/rMM).-^&:hwartz-Clements,  ReUt.  of  leat-ttrnctiire  to  phys.  &cton,  Tnms.  Ameiic  Microicbp. 
Soc  1905,  p.  59,  pi.  -viiy  3. — [Senit,  Medizin.  verw.  Pfl.  mns  der  Fam.  d.  Ranimc»  Phann.  Praxis^ 
1905»'  nOk  I  et  wq. ;  abctr.  in  Bot.  Centralbl.,  di,  p.  a68.] — Stapf,  Aconites  of  India,  Annals  Bot« 
Gaid«  Calcutta,  x,  a,  1905*  pp.  126-30.— G^iean  de  Lamarli^^  Membr.  cnt.  d.  pL  aqn.,  Revne  de 
bot  1906,  p.  389  et  aeq. — ^Picdoli,  L^gnami,  Bnll.  Siena,  1906,  p.  15a.  [For  additional  Hteratnre 
seep.  1171.] 

DILLENIACEAE  (pp.  20-24). 

2.  Structure  of  the  Leaf.  In  certain  species  of  Wormia  a  hypoderm 
composed  of  lar^e  cells  is  found  beneath  the  upper  epidennis,  while  in  DiUenia 
indica^  L.  there  is  a  single  layer  of  hjrpoderm. 

3.  Structure  of  the  Axis.  The  wood  in  Wormia  fcrruginea^  Baill. 
consists  of  :  (a)  broad  medullary  rays  reaching  a  breadth  of  ten  cells  ;  (b)  vessels 
with  exclusively  scalariform  perforations  (with  as  many  as  forty  bars),  and 
bearing  borderra  pits  in  contact  with  wood-parenchyma ;  and  (c)  wood-prosen- 
chyma  having  bordered  pits  (Ursprung).  A  composite  and  continuous  ring 
of  sclerenchyma  in  the  pericyde  is  also  present  in  the  young  axis  of  DiUenia 
ockreaia  (=  Wormia  ochreata)  and  Doliocarpus  semidentaius  (Fitard). 

Litentnie :  Unpnmgy  Anat  a.  Jahresringbild.  txop.  Holzarten,  Diss.,  Basel*  looo,  pp.  10-13 
(fV0rmia/emigifiea).'—VitBid,  Pericyde,  Th^,  Boxdeanx,  1901,  p.  83. — ^Fabridns,  Lanbolattanat., 
etc.,  Beih.  Bot  Centralbl.,  xii,  iQoa,  |^  310,  311. — Baigagli-Petnicci»  Legnami,  Malpighia,  190s, 
p.  333  {Diilima), — Areschong,  Trop.  vaxt  bladbyggn.,  Sv.  vet  Akad.  Handling.  39*  n.  2,  1005, 
pp.  I  a- 1 5  and  Tab.  xxtr-v  {DilleHta\  and  pp.  105-6  {Teinufra), — [MoU  and  Janssonius,  Mikro- 
grapfaie  d.  Holzes,  Leiden,  1906,  pp.  6$-So  (IVomtia,  Dillema),'] 

CALYCANTHACEAE  (pp.  25-27). 

I.  The  statement  in  the  Review  of  Anatomical  Features  regarding 
the  absence  of  a  sclerenchymatous  ring  in  the  pericyde  requires  some  modifica- 
tion, since  according  to  Van  Tieghem  (see  also  Pitard,  loc.  cit.)  the  lower  inter- 
nodes  in  Chimonanthus  contain  a  composite  and  continuous  sderenchymatous 
ring  composed  of  groups  of  bast-fibres  and  stone-cells  with  U-shaped  thicken- 
ings ;  in  CalycafUhuSf  on  the  other  hand,  there  are  invariably  isolated  groups 
of  bast-fibres.  The  stone-cells  with  U-shaped  thickenings  afford  an  important 
diagnostic  character  of  the  Order,  since  they  also  occur  in  Calycanthus. 

3.  Structure  of  the  Axis.  According  to  Van  Tieghem  the  anomalous 
structure  of  the  axis  (occurrence  of  four  cortical  vascular  bundles  with  inversely 
orientated  wood  and  bast)  is  not  the  same  in  the  two  genera  bdonging  to  the 
Order.  In  Chimonanthus  the  normal  vascular  ring  (stele)  has  a  quadrangular 
outline,  and  the  primary  cortex  is  normal ;  the  cortical  vascular  bimdles  lie 
in  the  parenchymatous  pericyde  on  the  inner  side  of  strongly  devdoped  groups 
of  pencydic  fibres ;  the  cortical  *  bundles '  actuaUy  consist  of  two  strands. 
In  Calycanthus^  on  the  other  hand,  the  stde  is  cylindrical,  but  the  primary 
cortex  has  thickened  angles  ;  the  vascular  bundles,  which  here  consist  only  of 
a  single  strand,  lie  in  the  inner  portion  of  the  primary  cortex. 

Litereture :  Lloyd  Williams,  Sieve  tubes  of  Calycanthus  occidenialts,  Ann.  of  Bot.,  viii,  1894* 
pp.  367-70.— Biennann,  5l2ellen,  Diss.,  Bern,  1898,  pp.  58, 59. — Pitard,  P^i^le,  Th^,  Boideanx, 
iQOi,  p.  83. — ^Van  Tieghem,  Tige  des  Calycanth.,  Ann.  sc.  nat,  s^r.  8,  t.  zix^  1904,  pp.  305-20 ; 
also  BnU.  Mns.  dliist  nat.  1904,  p.  68  et  seq. — Van  Tieghem,  M^ristMes  corticales,  Ann.  sc.  nat., 
8^.  9,  t  i,  1905,  p.  40. 

MAGNOLIACEAE  (pp.  27-31), 

I.  In  the  Review  of  Anatomical  Features  the  following  additions  or 
modifications  are  necessary.  The  dothing  hairs  are  mostly  midticellular  and 
uniseriate ;   in  some  cases  (spedes  of  Magnolia  and  Michelia)  they  are  uni* 
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cellular.  Tufted  hairs  with  i-2-celled  rays  are  found  in  Magnolia  fasciculaia, 
Pann.  The  statement  as  to  the  absence  of  a  sderenchymatoos  ring  in  the 
pericycle  is  incorrect,  for  not  uncommonly  there  is  a  contmuous  or  interrupted 
composite  ring  of  sclerenchyma  in  place  of  the  isolated  groups  of  bast-fibres. 
The  genus  Zygogynum  agrees  with  Drimys  in  having  no  vessels,  and  in  the 
structure  of  the  wood  resembling  that  of  the  Coniferae. 

2.  Structure  of  the  Leaf.  Papillose  differentiation  of  the  lower  epi- 
dermis is  also  found  in  Magnolia  ferru^inea^  Parm.  and  in  Drimys  retorta,  Kiers, 
but  not  in  £>.  granaUnsis,  Mut.,  as  was  mcorrectly  stated  on  p.  28.  A  continuous 
one-layered  hypoderm  on  the  upper  side  of  the  leaf  has  also  been  demonstrated 
in  Magnolia  CambbMij  Hook.  f.  et  Thoms.,  M.  fasciculaia^  Parm.,  M.  avata, 
Parm.,  M.  xeropnila^  Parm.,  Talauma  inflala,  Parm.,  Michelia  calctdUnsiSp 
Parm.,  M.  Kisopa^  Buch.-Ham.,  M.  moniana^  BL,  M.  avalifoUa,  Wight,  Man- 
glidia  insignisj  BL,  Af .  pilosa,  Parm.,  Drimys  brasiliensis,  Miers  and  D.  grana- 
iensiSf  Mut. 

Secretory  cells  are  also  present  in  the  mesophyll  and  in  the  cortex  in 
Zygoeymim.  According  to  Parmentier,  the  secretory  organs,  described  as 
mucilaginous  cells  by  Blenk, '  Lactmes  4  gomme '  by  Vesque,  resinif  erous  inter- 
cellular spaces  by  D'lppolito,  and  '  Canaux  gummif^res '  by  Parmentier,  are 
found  qmte  generally  m  the  Schizandreae  in  the  bast  of  the  larger  veins  of  the 
leaf. 

Branched  sderenchyma-cells  also  occur  in  the  mesophyll,  though  this  is 
exceptional,  e.g.  in  the  spongy  tissue  in  Drimys  retorta^  Miers.  In  certain 
speaes  of  Zygogynum  stone-cells  have  been  observed  in  the  mesophyll,  whilst 
in  certain  species  of  Drimys  and  Zygogynum  there  are  zones  of  more  strongly 
thickened  and  Unified  mesophyll-ceUs. 

Special  mention  should  also  be  made  of  the  occurrence  of  clustered  crystals 
in  the  epidermal  ceUs  in  a  new  species  named  Magnolia  echinina  by  Parmentier. 

3.  Structure  of  the  Axis.  With  reference  to  the  structure  of  the  pith, 
we  may  add  that  incomplete  diaphragms  composed  of  stone-cells  occur  in 
Drimys  Howeana,  F.  v.  Miill.,  and  that  stone-cells,  isolated  or  in  groups,  are 
not  unconmionly  found  in  the  Wintereae. 

Wood  resembling  that  of  the  Conifers  in  structure  has  recently  been 
demonstrated  by  Van  Tieghem  in  almost  all  the  known  species  of  Drimys  * 
(with  the  single  exception  of  D.  uniflora,  Turcz,  which  he  was  unable  to 
examine),  and  by  me  and  Van  Tieghem  in  Zygogynum,  A  certain  number 
of  the  species  are  further  characterized  by  the  presence  of  scalarif orm  bordered 
pits  on  the  tracheids  of  the  spring-Wood.  The  exceptions  quoted  by  Parmentier, 
viz.  Drimys  Malleri  and  D.  vascularis^  both  of  which  possess  vessels  in  the 
wood,  are  certainly  not  members  of  the  genus  Drimys. 

In  the  development  of  the  cork  the  phellogen,  according  to  Parmentier, 
arises  quite  generally  in  the  subepidermal  layer  of  cells  in  species  of  Magnolia^ 
TalaunMy  Michelia^  Manglietiay  Liriodendron,  lUicium,  Drimys  and  Schizandra. 
According  to  Van  Ti^hem  and  Douliot,  however,  the  cork  in  Drimys  develops 
in  the  epidermis  (and  not  subepidermally).    The  pericycle  contains  either 


'  It  mmy  be  mentioned  here  that  owing  to  the  peculiar  structure  of  the  wood  Van  Tieghem 
unites  the  genus  Drimys^  which  he  moreover  subdivides  into  five  genera  {Drimys^  fViniera,  BuMia, 
Bellioium,  and  Ex9spermum\  with  Zygogynum^  as  well  as  Trochodendron  and  Tetracentran  (see 
the  note  under  Tiochodendraceae)  to  form  a  special  taxonomic  group,  the  HomoxyHes,  as  oppcMed 
to  the  rest  of  the  Dicotyledons  (Heteroxylees). 

It  may  also  be  pointed  out  that  D'Ippolito's  statement  to  the  effect  that  tracheids  only  and  no 
vessels  are  present,  at  any  rate  in  the  later  growth  of  the  wood,  in  species  oilUicium^  Liriodendron, 
Magnolia,  Michelia.  and  Talauma,  is  without  doubt  incorrect.  I  have  recently  examined  the  wood 
from  thick  pieces  of  the  stem  of  Liriodendron  tulipifera  and  Magnolia  grandifiara,  and  have  met 
with  vessels  having  characteristic  scalariform  perforations. 
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a  composite  and  continuous  sderenchymatous  ring  (Magnolia  pro  parte, 
Talatima^  Michelia  pro  parte,  Drimys  pro  parte),  or  isolated  groups  of  bast- 
fibres  {Magnolia  pro  parte,  Michelia  pro  parte,  ManglieHa,  Liriodendron, 
lUiciumy  Ihimys  pro  parte,  Schtzandra^  Kad^a^  Zygogynum)^  between  which 
there  are  sometimes  groups  of  stone-cells,  so  that  an  interrupted  and  composite 
mechanical  ring  is  formed.  For  further  details  r^arding  the  differentiation 
of  the  sderenchymatous  rinjg  in  Magnolia  and  Talauma  see  also  Pitard,  loc.  cit. 
Secondary  hard  bast  showing  varied  differentiation  is  also  pesent  in  species 
of  Talauma,  Michdiay  Mandietia,  lUicium  and  Drimys^  while  in  the  Schizan- 
dreae  the  bast  includes  omy  the  crystal-sclerenchyma,  described  on  p.  29; 
similar  elements  may  also  occur  in  the  primary  cortex  and  in  the  pith  ^ 

LHentore:  Wijnaendtt  Francken,  Sclereiden,  Diw.,  Utrecht,  1890,  pp.  36-40. — Brandt*  Wenig 
bek.  Rinden,  Die.,  Dorpat,  1894,  p.  31  et  sea. — [Matsada,  Anatomy  of  Magnol.,  Jonm.  Coll.  Sc. 
Imp.  Univ.  Japan,  vi,  1894,  p.  115  et  seq.] — ^Parmender,  Hist.  d.  Magnol.,  Ui  Giard,  BolL  adentif. 
de  la  Fnnoe  et  de  la  Belgiqne  27,  1896,  pp.  159-357  and  pi.  Tiii-zi. — Bieimann,  Oizellen,  Diss., 
Beni,  1898,  pp.  44-7. — Solereder,  CircidiphyllHm^  Ber.  dentsch.  bot.  Gesellich.  1899,  pp.  396, 397. — 
Van  Tiegbem,  Homoxylto,  Jonm.  de  bot.  1900,  separate  copy,  68  pp. — D'lppolito,  Caule  delle 
MagBol.,  Malplghia,  zv,  1901,  pp.  438-6a— Pitard,  Pericyde,  Th^  Bordeaux,  1901,  pp.  103,  104. 
— ^Bugagli-Petnicd,  Legnami,  Malpi^^iia,  190a,  p.  294  (7lK&if«M0).— Simon,  Wintennriine  Gew., 
Ber.  dei&ch.  bot.  GcKllsdi.  190a,  p.  241. — Stnsboiger,  Drimys  WinUrit  Flora,  1905,  £zganz.-Bd., 
pp.  ai7,  ai8. — [Moll  and  Janasonins,  Mikrogiaphie  des  Holzes,  Ldden,  1906,  pp.  80-106  {Taiauma, 
Magm&HOf  Mamglutiay  Muheiia)J] — ^Picdoli,  Lcmiami,  Ball.  Siena,  1906,  pp.  la;  and  148. — 
[Holtermann,  Einflon  d.  Klimas,  1907,  p.  117  (Jmcheiia),'] 


TROCHODENDRACEAE  (pp.  31-34)*. 

1.  To  the  statements  made  in  the  Review  of  Anatomical  Features  the 
following  additions  are  necessary.  In  Euptelea  simple  miiseriate  clothing  hairs 
generally  occur  on  the  young  leaf  ;  these  hairs  consist  of :  (a)  a  basal  cell,  or 
several  short  basal  cells,  showing  local  biseriate  arrangement ;  and  (b)  one  or 
several,  more  elongated,  terminal  cells  with  wide  lumina.  Arm-paUsade 
parenchyma  is  present  in  Euptelea  polyandray  S.  et  Z.  and  £.  pleiosperma. 
Hook,  f .  et  Th. 

2.  Structure  of  the  Leaf.  The  lower  epidermis  in  the  leaf  of  Euptelea 
pieiospemuLy  like  that  of  certain  other  members  of  the  Order,  shows  papillose 
differentiation. 

The  caoutchouc-cells  in  the  leaf  of  Eucommia  are  generally  found  in  the  veins 
(in  the  bast  of  the  vascular  bundles,  and  in  the  ground-tissue),  but  they  sometimes 
also  penetrate  into  the  mesophyll,  where  they  ultimately  terminate  with  swollen 
ends.  In  the  root  of  Eucommta  these  caoutchouc-cells  are  present  in  the  bast 
and  in  the  neighbouring  pericyclic  region. 

3.  Structure  of  the  Axis.  Subepidermal  development  of  the  cork  is 
also  found  in  Trochodendron  and  Tetracentron. 

literatnre:  Parmentier,  in  Giard,  Ball,  sdent.  de  la  France  et  de  la  Belgiqoe  37,  1896,  P*  3'^ 
et  seq.— ^lereder,  drddiphyUum^  Ber.  dentsch.  bot.  Gesellsch.  1899,  pp.  400^  401.— Van  Tieghein, 
Homoxylte,  Jonm.  de  bot.  1900,  separate  copy,  pp.  5  and  63. — BartheUt,  LaticlKres  de  VEucommia, 
Jonm.  de  bot  1900,  pp.  55-9. 


'  Perrot's  statement  (Tissu  cribl^.  These,  Paris,  1899,  p.  144)  as  to  the  occurrence  of  secondary 
bundles  of  wood  and  bast  in  the  primary  coitex  of  the  Schizandreae  is  inoonect. 

'  In  retaining  this  Order  I  am  guided  solely  by  practical  considerations.  Recent  investigations 
(see  Solereder,  loc  dt.,  and  Hallier,  in  Beih.  Bot.  CentralbL  1903,  p.  347  et  seq.)  have  shown  that 
the  genera  CercidipkyUHm,  Eupieiea,  and  Eucommia  must  be  transferred  to  the  Hamamelidaceae; 
and  Tetracentron  to  the  Magnoliaceae.  Harms'  recent  interpretation  of  the  floral  features  of 
Ctrcidipkyllum  (£rpinz.-Heft  ii  to  Teilen  ii-iv  of  the  Natiirl.  PflanzenCun.  1906)  in  no  way  alters 
my  views  r^ardhig  this  genus. 
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ANONACEAE  (pp.  34-39). 

1.  The  Review  of  Anatomical  Features  in  the  first  place  requir^ 
amplification  as  regards  the  hairy  covering.  Short,  simple,  unicelltilar  tri- 
chomes  occur  (PolyaUkia  hypoleuca^  Hook.  f.  et  Th.),  but  are  rare.  Stellate 
or  tufted  hairs  have  also  been  recorded  in  EUipHa^  and  peltate  hairs  also  in 
Meiocarpidium.  Spicular  cells  traversii^  the  leaf  in  the  vertical  direction  are 
also  found  in  Heteropeialum  brasUiense^  Benth.,  whilst  sderenchymatous  fibres 
running  freely  in  the  mesophyll  are  also  present  in  certain  species  of  Asteratithe^ 
Hderopetalum,  Sageraea,  and  Uvaria^,  Lastly,  we  may  mention  here  the 
occurrence  of  brown  middle  layers  in  the  dry  leaf  in  species  of  Papawia  and 
Mezettia. 

2.  Structure  of  the  Leaf.  The  reinvestigation  of  the  anatomy  of  the 
leaf  in  numerous  African,  American,  and  Asiatic  species  by  Beyer  *  has  con- 
siderably increased  our  loiowledge  of  the  structure  of  the  leaf  m  this  Order. 
With  regard  to  this  subject  and  the  special  types  of  differentiation  of 
the  epidermis,  Beyer's  treatise  should  be  consulted.  The  following  features 
presented  by  the  integumentary  tissue  are  of  systematic  importance :  formation 
of  papillae  on  the  lower  epidermis  in  conjunction  with  the  development  of 
cuticmar  ridges  connecting  the  papillae  with  one  another  occurs  m  Anofia 
^uca,  Schum.  et  Thonn.,  Cleistapholis  glauca^  Pierre,  C.  StaudUi^  Engl,  et 
Diels,  and  EnatUia  Kummeriae^  Engl,  et  Diels ;  a  mtdtiseriate  (mostly  two- 
layered)  epidermis  is  present  in  certain  species  of  AnonOf  Cleistophdis,  EUipeia^ 
MUiusOy  Mitrephora,  PachyfodatUhiuin,  and  Xylopia ' ;  palisade-like  elonga- 
tion of  the  epidermal  cells  is  also  found  in  Uvaria  gabonensis^  Engl,  et  Diels ; 
finally  gelatinization  of  the  epidermis  has  only  been  observed  in  HeteropeUdum 
brasiliensCf  Benth.  According  to  Beyer  (loc.  cit.,  p.  545),  all  the  species  which 
he  examined  appear  to  have  stomata  with  subsidiary  cells  parallel  to  the  pore. 

According  to  Beyer,  mechanical  elements  are  abundant  in  the  veins; 
vertical  transcurrence  of  the  latter  by  means  of  hard  bast  is  also  found  in  the 
genera  Anona^  EUipeia^  Hexahbus,  Isoloma,  Miliusa,  Mitrephora^  Polycerato- 
carpus^  Sageraea^  Uvaria  and  Xylopia. 

Beyer  found  that  the  secretory  cells  were  present  throughout.  Sienanihera 
gabonensis^  Engl,  et  Diels  is  especiaUy  characterized  by  havmg  two  superposed 
layers  of  secretory  cells  in  the  spongy  tissue.  In  Xylopia  tenuifolia  the  walls 
of  the  secretory  cells  exhibit  stratification.  The  branched  spicular  cells  and 
the  spicular  fibres  found  in  the  mesophyll  have  already  been  mentioned  above 
(see  under  i). 

Beyer  reinvestigated  the  crystals  of  oxalate  of  lime,  which  afford  important 
characters  for  systematic  purposes.  According  to  him  also  the  occurrence 
of  solitary  and  clustered  crystals  of  oxalate  of  lime  in  the  epidermis  of  the 
leaf  is  an  important  ordinal  character.  In  other  respects  Beyer  did  not  find 
in  all  cases  that  the  older  statements  of  Borodin  were  quite  correct ;  it  will 
therefore  be  best  to  reproduce  in  the  following  paragraphs  Beyer's  review  of 


'  The  species  in  which  Beyer  has  recently  met  with  spiculmr  fibres  are  as  follows:  Anoita 
glauca^  Schum.  et  Thonn.,  A,  setugaUnsis^  Pers.;  Asteranthc  Asteriat,  Engl,  et  Diels;  Guatteria 
MistraHsj  St.  Hil.,  G.  SelloTtfiana^  Schlecht.,  G,  villosissima,  St.  HiL;  Neteropetalum  brasUiense, 
Benth. ;  Sageraca  tllipiica.  Hook.  f.  et  Th. ;  Uvaria  Afulii,  U,  angoUtuiSy  Welw.,  U.  taffra, 
E.  Mey.,  U.  ceyiauica,  L.,  U,  DinklagH,  EngL  et  Diels,  U.  Kirkii,  Oliv. 

'  Beyer's  investig^ions  extend  to  nmnerons  species  belonging  to  forty  genera. 

'  These  are :  Anona  giauca^  A.  Klainei^  Pierre,  A.  palustris,  h,j  A,  jefugu/iusii,  Pers.,  A. 
squamosa^  L» ;  CUistophdis  aibidat  Engl,  et  Diels  (with  a  typical  two-layered  epidermis  according 
to  Beyer's  figure) ;  ElHpeia  Upiopoda,  King ;  Miliusa  indUa,  Lesch. ;  MUnphora  Mainmyi^  King ; 
Pachypodanthium  confine^  Engl,  et  Diels;  Xylopia  oithiapica,  A.  Rich.,  X.  africana,  Oliv. 
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the  nature  and  mode  o£- occurrence  of  the  crystals  in  the  upper  epidermis  of  the 
leaf :      .„ 

(a)  KH  the  cells  of  the  epidermis,  or  only  isolated  cells  containing  each  a  single 
clustered  crystal: — Anaxagorea^  Anona^  Ananidiumf  ArtabotrySy  Asteranthe,  CteisUh- 
pholiSy  Duguetia^  Eupamatia,  Goniothalamus,  HeteropetalufH^  HexcUobus^  Meiocar- 
pidium^  Monodora,  Pachypodanthiunit  Polyalthia^  Popowia^  Roliinia,  Unona,  Uvaria, 
Xylapia.  (Exceptions :  Monodora  Preussii,  EngL  et  Diels— clustered  and  solitary 
crystals;  Popoma  elegans,  EngL  et  Dieis— clustered  crystals  in  upper,  solitaiy 
crystals  in  lower  epidermis ;  Xylopia  africanat  Oliv.— occasional  solitary  crystals 
in  both  umer  and  lower  epidermis.) 

(aa)  Clustered  and  solitary  crystals: — Bocagea  (with  round  crystal-cells), 
EUipeia^  GuaUeria. 

{h)  Cells  of  the  epidermis  (usually  all  of  them)  containing  each  a  sohtary 
crystal: — EnatUia,  Melodorum,  MHiusa^  Saggraea  (not  all  the  cells  in  this  case), 
Uvariopsis, 

(bo)  Solitary  crystals  chiefly  present  in  the  epidermal  cells  of  the  veins,  also 
in  scattered  cells  in  the  rest  of  the  epidermis : — Alphonsea^  EphedtanthuSy  Mitre- 
phora. 

{c)  Crystals  not  observed: — Cananga,  Isoloma,  Mezettia^  Oxymiira,  Poly- 
ceraiocarpus,  StenatUhera. 

In  investigating  the  hairy  covering  Beyer  met  with  trichomes  of  a  type 
new  to  the  Order,  viz.  the  unicellular  clothing  hairs  mentioned  above  (see 
section  i).  According  to  the  same  authority  imiseriate  clothing  hairs  are 
widdv  distributed  in  the  Order  {Anona,  AsterafUhCy  Cananga^  EnatUta^  Ephe* 
dranihus,  Goniothalamus^  Guatteria,  Heteropetalum,  Hexalobas^  Melodorum, 
MiliusOy  Oxymitra,  Piptostigma^  Popowia^  RoUinia,  Unona,  Uvaria  {Asimina 
and  Sect.  Uvariodendron)^  Xylopia).  They  consist  of  two  or  three  cells,  of  which 
the  terminal  cell  is  invariably  longer  than  the  others,  and  sometimes  {Anona^ 
RMinia)  of  remarkable  length.  Stellate  or  tufted  hairs  also  occur  in  species 
of  ElUpda^  whilst  peltate  hairs  ^  are  also  found  in  Meiocarpidium  lepiaotum^ 
Engl,  et  Diels.  The  rays  of  the  tufted  hairs  in  Uvaria  lurida^  Hook,  f .  et  Th. 
(sphalm.  *lucidd'  in  Beyer's  paper)  are  multicellular  and  uniseriate  owing  to  the 
presence  of  one  or  more  division-walls,  a  point  which  I  am  able  to  confirm. 

3.  Structure  of  the  Axis.  According  to  recent  investigations  stone- 
cells  axe  very  conmionly  present  in  the  pith ;  they  are  but  rarely  absent 
(Asimina  and  Monodora  besides  Eupontatia).  Wdl-developed  diaphragms 
composed  of  stone-cells  are  also  found,  for  example,  in  species  of  Goniothalamus^ 
Guatteria^  Hexalobus^  Mdodorum^  Popowia,  and  Stenanthera, 

With  regard  to  the  structure  of  the  wood  and  cortex,  Beyer  confirms  the 
anatomical  characters  which  I  pointed  out  as  important  in  the  diagnosis 
of  the  Order,  for  the  material  which  he  investigated.  Stone-cells  are  of  occa- 
sional occurrence  in  the  bast,  but  never  show  such  a  regular  arrangement  as 
in  the  cortex  of  GuaUeria  viUosissima^  St.  Hil.,  described  by  Moller.  Beyer 
demonstrated  superficial  development  of  the  cork  also  in  Cldstopholis  and 
Uvariopsis. 

We  may  add  that  the  species  of  Mdodorum  examined  by  Beyer  agree  with 
the  species  described  by  Schenck  in  having  normal  structure  in  the  stem. 

literature:  Borgesen  og  Paulsen,  Veget.  dansk-vestind.  Oer,  Bot  Tidsskrift,  xxii,  1898-9, 
PP'  50»  51  (AfMna  palustris),—ViKhx^t  Pdricyde,  Th^,  Bordeaux,  1901,  p.  104. — ^Arescboug, 
Mangrovepfl.,  Bibl.  boUHeft  56, 1902,  p.  63  and  Tab.  vii.— Bax^agli-Petrucci,  Legnami,  Malpighia, 
190a,  p.  395  (Xylopia). — H.  Beyer,  Anatomie  der  Anonaceae,  msbes.  d.  afrikan.,  in  Engler,  Bot. 


'  Beyer  doubtB  the  correctness  of  O.  Bachmann's  statement  as  to  the  occvrrence  of  peltate  hairs 
in  Anona  furfuracea,  St.  Hi!.,  or  the  correct  determination  of  the.  plant  examined  by  Bachnuuu; 
but  in  this  he  is  wrong.  In  Martius,  FL  brasil.,  xiii,  i,  P.  8,  we  6nd  the  following  statement  with 
reference,  to  this  species :  <  folia  .  . .  superoe  parcius  lepidota,  pilis  stelUtis.'  Whether  the  species 
belongs  to  the  genus  Ancna  is  a  different  question. 
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Jahrb.,  oxi,  looa,  pp.  51^-55 ;  see  also  Eogler,  Mooogr.  afrikan.  Pflanaenfam. :  vi  Anooacene,  1901. 
— Aretcbong,  Trop.  fiat  bladbyggn.,  Sv.  Vet  Akad.  Handl.  39,  n.  a,  1005,  pp.  126-30  {Anama, 
ArtabQtrys\  pp.  143-4  and  Tab.  xxi-xxii  {jGcniothalamus\  and  pp.  156-8  {Cyathoc^x).—\Jfx 
additional  literature  see  p.  1 169.] 

MENISPERMACEAE  (pp.  39-43). 

1.  In  the  Review  of  the  Anatomical  Features  the  following  correc- 
tions or  additions  are  necessary.  A  uniform  and  characteristic  type  of  stoma 
is  not  present.  In  the  axis  the  pericycle  sometimes  (Cissampdos  fasciculaia^ 
Benth.)  contains  no  sclerenchymatous  elements.  Secretory  sacs  of  varjdng 
length,  besides  occurring  in  Anamirta^  &c.,  have  been  recorded  in  the  genera 
Alberiisia,  AfUizoma^  Calycocarpum  {?),  ChasmatUhera,  Cocculus,  Desmonema, 
Disctphania,  FawceUia^  Fibraurea,  Hypsipodes,  KolobopekUum,  Parabaena, 
Pencampylus  (?),  SytUriandrium,  Tiliacara^  Tinomiscium  and  Tridisia,  whilst 
open  intercelluk^  secretory  spaces  have  been  shown  to  be  present  in  certain 
species  of  Anomosfermum,  Miersiophyton  and  Tinospora,  Anomalous  struc- 
ture of  the  axis  (viz.  the  occurrence  of  secondary  vascular  bundles  in  various 
regions)  has  recently  been  stated  to  occur  also  in  species  of  Chasmanikera, 
MenispermuiHy  and  Stephania,  Oxalate  of  lime  is  deposited  in  the  following 
special  forms :  large  ordinary,  soUtary  crystals  in  the  veins  of  the  leaf  in 
Burasaia,  Chasmanthera^  Chlaenandra,  Fawcettia^  Hypsipodes^  Kolobopekdum, 
Leichhardiia^  SyntHandrium^  Tinospora ;  rather  large  crystals  resembling  styloids 
and  situated  in  the  leaf  in  pairs  of  epidermal  cells  and  in  the  palisade-tissue 
in  Leichhardiia  datnbaides,  F.  v.  Miill. ;  large  clustered  crystals  in  species  of 
Chondradendron  and  Syrrhonema,  smaller  crystals  of  this  t3T)e  in  species  of 
Macrococculus  and  Pericampylus,  The  trichomes  of  the  Menispermaceae  are 
either  typical  clothing  hairs  or  hairs  of  a  glandular  nature.  No  member  of  the 
Order  has  been  found  to  have  exclusively  unicellular  clothing  hairs.  The 
typical  clothing  hairs  for  the  most  part  consist  of  two  cells,  a  short  basal  cell  and 
a  long  terminai  cell.  Uniseriate  clothing  hairs  composed  of  more  than  two 
cells  have  been  observed  only  in  species  of  Anamirtay  Arcangdisia^  Calycocarpum, 
Chasmanihera,  Cosdniumy  Uisciphania^  Heptacyclum,  Menispermum  (together 
with  two-celled  hairs),  Parabaena^  Stephania^  Tinospora  (here  accompanied  by 
unicellular  hairs).  Besides  the  glandular  shaggy  hairs  of  Jaieorhiza  we  may 
mention  the  following  types  of  glandular  hairs :  the  small  unicellular,  ellip- 
soidal or  club-shaped  trichomes  present  in  species  of  Kohbopdalum,  Mtersio- 
phyton  and  Tinospora ;  and  the  longer  uniseriate  trichomes  foimd  in  species  of 
Calycocarpum  and  Parabaena.  The  unicellular  hydathodes,  first  recorded  by 
Haberlandt  in  Anamirta^  are  also  found  in  Arcangdisia.  Peculiar  smaJl  rosettes 
of  silicified  cells  occur  in  the  epidermis  of  the  leaf  in  Coscinium  Blumeanum^ 
Miers.  We  may  add  the  following  special  features  presented  by  the  leaf 
in  certain  species  to  the  enumeration  given  in  the  earlier  portion  of  this  work : 
the  papillose  or  sclerotic  differentiation  of  epidermal  cells  ;  the  very  rare 
occurrence  of  a  hypoderm  or  of  a  locally  two-layered  epidermis ;  the  very 
rare  arran^ment  of  the  stomata  in  groups  ;  the  occurrence  in  the  mesophyU 
of  arm-palisade  tissue  (scarcely  typically  differentiated),  and  of  spicular  cdls 
differentiated  as  hairs  or  assuming  some  other  form  ;  the  presence  of  tubular 
cells  filled  with  siliceous  substance  at  the  ends  of  the  veins,  &c. 

2.  Structure  of  the  LEAF^    Recent  investigations  have  shown  that 


^  Recent  researches  on  the  stracture  of  the  leaf,  the  results  of  which  lie  before  me  in  mannscript, 
have  been  carried  out  nnder  my  guidance  by  K.  Krafft,  who  continued  Aaer*s  uncompleted  investiga- 
tions (see  the  earlier  part  of  this  work,  p.  40,  footnote).  Kraflft's  researches  extend  to  the  follow- 
ing genera,  which  are  enumerated  according  to  Engler  and  Prantl's  system :  I.  Coccnleae :  Metd- 
spermum,  Pericampylus,  Sarcopttalum,  Coccuins,  Diplodisia,  Stephania,  Antisoma,  Cissampelas, 
Peraphora,   Cyclea,    Tiliacora,  Abuta\    II.    Tinosporeae:    Husemannia,  Jateorhita,   Tinospora, 
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bifacial  structure  of  the  leaf  is  far  more  widely  distributed  than  centric.  The 
palisade  and  spongy  tissue  show  a  very  varied  type  of  differentiation.  Krafit 
records  the  presence  of  marginal  pits  in  the  epidermis  in  species  of  Ahuta, 
AdeUopsis^  Anamospermum^  Arcangelisia,  Bania^  Cocculus^  rawceUia^  HeptU' 
cydum^  Husemannia^  Hyperhaena^  Limacioy  Macrococculus,  Pachygone  and 
Pycnarrkena^  where  he  found  them  in  nearly  all  cases  on  both  sides  of  the  leaf » 
while  in  A  ddiopsis  they  are  confined  to  the  upper  epidermis.  In  the  course  of  the 
recent  investigations  gelatinization  of  isokted  epidermal  cells  has  not  been 
observed  in  any  species.  But  subepidermal  layers  of  mucilage  similar  to  those 
described  by  Auer  inAnamospermum  reUcidaium  are  rather  widely  distributed; 
each  patch  of  mucilage  is  derived  from  the  inner  walls  of  a  group  of  upper  epi- 
dermal cells  and  the  adjacent  walls  of  the  uppermost  layer  of  palisade-cells ;  this 
feature  is  found  inAdeliopsis^  Anomospermum  pro  parte,  Cissampdos  pro  parte, 
Cyclea  pro  parte,  Limacia  pro  parte,  and  Stephania  pro  parte.  Epidermal  cells 
of  exceptional  size  are  stated  \>y  Krafit  to  occur  in  Antizofna  and  Cocculus  pro 
parte,  especially  on  the  upper  side  of  the  leaf ;  the  same  author  mentions  the 
presence  of  sclerotic  epidermal  cells  situated  over  the  veins  on  both  sides  of 
the  leaf  in  Anomospermum  reUctdaium^  Eiclol.,  Hyperbaena  laurifolia,  Urb.  and 
Tridisia  loucoubensis^  Baill.  Papillose  differentiation  of  the  epidermis  in  the 
leaf  has  also  been  observed :  (a)  on  both  sides  in  Antizoma  adcarifera^  Miers, 
A,  lycioides^  Miers,  Cissampdos  capensis^  Thunb.,  C.  Pareira,  L.  (not  in  all  the 
forms  of  this  polymorphic  species),  Cocculus  Lead>a^  DC.  and  Stephania  rotunda^ 
Lour,  (not  all  the  ceUs  papillose  in  this  case) ;  (6)  on  the  lower  side  only  in 
Cissampdos  fluminensis,  Eichl.  (sUghtly  papillose),  C.  glaberrima,  St.  Hil.,  C. 
Pareira  pro  parte  (see  above),  Dtplodisia  macrocarpa,  Miers,  Hypsipodes  subcor- 
daiuSj  Miq.,  JaUorhiza  Cdumbay  Miers,  Menispermum  dauricum^  DC.  (isolated 
cells  above  the  veins),  Miersiophyton  kamerunense^  Engl,  (isolated  cells  above 
the  veins),  Peraphora  robusta,  Miers,  Stephania  abyssinica^  Walp.,  5.  discolor, 
Spreng.,  S.  elegans.  Hook.  f.  et  Th.,  S.  hernandifolia^  Walp.  and  S.  rotunda. 
Lour.  Curiously  enough  there  is  no  new  record  of  a  species  with  hypoderm  ;  in 
Parabaena  sagittaia,  Miers,  the  upper  epidermis  consists  locally  of  two  layers. 
A  special  type  of  d^erentiation  is  exhibited  by  the  upper  epidermis  in  Desnuh 
nema  pallide-aurantiaca,  Engl,  et  Gilg,  both  the  outer  and  inner  walls  being 
very  strongly  thickened  and  partly  converted  into  mucilage,  and  by  the  upper 
epidermis  in  Chlaenandra  ovata^  Miq.,  in  which  the  strong:ly  thickened  outer 
w^  project  convexly  into  the  lumina  of  the  cells.  Finally,  a  distinctly 
peculiar  feature  of  the  epidermis  is  presented  by  the  small  ^oups  of  silicified 
cells  in  Coscinium  Blumeanum,  Miers.  They  are  situated  in  the  upper  epi- 
dermis and  lie  immediately  above  the  sclerenchyma  of  the  smaller  vertically 
transcurrent  veins.  They  consist  of  a  small  central  cell,  which  is  rounded  in 
surface-view  and  might  possibly  be  interpreted  as  the  rudiment  of  a  hair,  and 
of  a  rosette  of  cells  with  unevenly  thickened  walls,  which  in  surface-view  have 
the  same  appearance  as  the  well-known  cystolith-like  bodies  in  the  subsidiary 
cells  of  the  trichomes  of  Lithospermum  and  other  Boragineae.  In  some  cases 
two  of  these  groups  of  silicified  cells  are  united.  Regarding  their  function 
nothing  is  known. 

In  very  many  Menispermaceae  the  stomata  are  surrounded  by  ordinary 
neighbouring  celk.    A  dennite  and  uniform  type  of  stoma  is  not  present.    Not 


FawctUia^  Mieniophyton^  Chasmanthera,  I/ypsipodes,  Desmotuma^  Parabaena^  Disciphaniay  Kolobo- 
petaium,  Syniritindrium,  Cafycocarpum,  Anamirta,  Coscinium,  Arcangeiisia^  Chlaenandra;  IJI. 
Limacieae:  Anomospermum,  Limaciai  IV.  Pachygoneae :  Triclisia,  Jiepiacycium,  Py^narrhena, 
MacTHOceulus,  Pleogyne,  Sciadotaenia,  Alberiisia,  Paehygone,  Jlyperbaena,  Chondfvdendron,  De^ 
tandra,  Carronia,  Adeliopsis,  Bania,  Syrrhonema,  Leichhardtia.  Additional  recent  statements  on 
the  structure  of  the  leaf  and  axis  axe  further  also  to  be  found  in  Maheu's  papers,  U.  cc. 
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uncommonly,  however,  one  observes  a  tendency  for  subsidiary  cells  to  develop 
in  connexion  with  all  or  some  of  the  stomata  ;  according  to  Krafft  this  is  tl^ 
case  in  :  Aliertisia  (subsidiary  cells  arranged  like  a  rosette),  Anamirtaf  Bania 
(rosette-like  subsidiary  cells),  Burasaia  pro  parte  (4-*  neighbouring  cells,  of 
which  one  is  placed  parallel  to  the  pore  on  either  side),  Carrania  (rosette-like 
subsidiary  cells),  Chlaenandra  (neighbouring  cells  with  thin  walls,  so  that  they 
appear  as  subsidiary  cells),  Cocculus^  Cyclea  pro  parte,  FawcetHoj  HMacydum^ 
ntisemannia  (rosette-like  subsidiary  cells),  Hyperbaena  (subsidiary  cells  rosette- 
like in  H.  lauri folia,  Urb.),  Leichhardtia  (4-6  neighbouring  cells^  one  being 
placed  on  either  side  of  and  parallel  to  the  pore),  Limacia  pro  parte.  Macro- 
cocculus  (subsidiary  cells  rosette-like),  Parabaena^  Pleogyne^  Pycnarrhena  (narrow 
subsidiary  cells),  Sarcopdatum.  In  Macrococculus  pomiferus,  Becc.  several 
pairs  of  ^uard-cells  with  their  subsidiary  cells  together  form  stomatal  groups, 
separated  from  one  another  by  rows  of  ordinary  epidermal  cells,  without 
stomata  and  differently  shai>ed.  The  only  additional  record  of  the  occurrence 
of  stomata  on  the  upper  side  of  the  leaf  is  in  AtUizoma  pro  parte. 

The  previous  statements  regarding  the  structure  of  the  mesophyll 
require  the  following  additions.  The  thickenings  and  swellings  confined 
to  certain  portions  of  the  wall  in  cells  of  the  palisade  and  spongy 
tissues,  first  recorded  by  Auer  in  Stephania  hemandifolia,  are  stated  by  Krafft 
to  occur  in  Addiopsis^  Carronia^  Cissampdos,  Cocculus  pro  parte,  Cydea^ 
Limacia  pro  parte,  Pachygone,  Pericampylus^  Stephania  and  Syrrhonema. 
The  palisade-tissue  in  Disciphania  lobata,  Eichl.  is  composed  of  a  sin^e 
layer  of  short  cells,  &nd  shows  slight  differentiation  as  arm-palisade-tissue.  In 
certain  si>ecies  a  part  or  the  whole  of  the  spon^  tissue  has  thick  walls,  which 
are  then  in  most  cases  lignified ;  this  feature  is  found  in  Alheriisia  papuana^ 
Becc,  Anamirta  Cocculus,  Wight  et  Am.,  Bania  tkyrsiflora,  Becc,  Husemannia 
protensa,  F.  v.  Miill.  and  Parabaena  sagiUaia,  Miers.  Mechanical  elements  are 
also  firequently  developed  in  the  mesophyll.  The  foUowinc;  types  are  found  : 
isolated  palisade-ceUs  resembling  idiobksts,  and  strongly  thickened,  but  with 
wide  lumina,  in  Coscinium  Blumeanum,  Miers  ;  isolated  sclerosed  cells  belong- 
ing to  the  spongy  tissue  or  entire  layers  of  such  cells  near  the  lower  epidermis 
in  Abula  concolor,  Poepp.  et  Endl. ;  branched  stone-cells  in  the  neighlK>urhood 
of  the  vascular  bundles  of  the  larger  veins  in  Chlaenandra  ovaia,  Mic}. ;  slightly 
or  considerably  developed  branches  of  the  sclerenchyma  of  the  veins,  though 
not  typically  fibrous,  m  the  mesophyll  in  Abuk^  concolor,  Poepp.  et  Endl., 
Chondrodendron  plaiyphyllum  (Miers),  and  Ddandra  paraAisis  (Eichl.) ;  spicular 
fibres,  which  branch  off  from  the  sclerenchyma  of  the  veins  into  the  mesophyll, 
in  Anamirta  Cocculus,  Wight  et  Am.  and  Arcangdisia  lemniscata,  Becc ; 
girder-shai>ed  spicular  cells,  which  traverse  the  entire  thickness  of  the  leaf-tissue 
from  one  epidermis  to  the  other,  in  Heptacydum  Zenkeri,  Engl,  (where  they 
have  wide  lumina,  and  are  sac-like,  often  dichotomously  divided,  and  give 
off  root-like  branches  beneath  the  epidermis),  Anamirta  Cocctt/Ms(like  fibres  and 
unbranched),  Burasaia  gracilis,  Decne.,  B.  congesta,  Decne.  (branched  with 
transitions  to  hair-like  differentiation),  and  probably  also  in  Tinomiscium 
rdiculatuniy  Miers  ('piliers'  according  to  Maheu);  girder-like  spicular  cells, 
which  essentially  belong  to  the  palisade-tissue  only,  branch  beneath  the 
upper  epidermis,  and  give  off  rays  into  the  spongy  tissue,  while  they  show 
transitions  to  hair-like  differentiation,  in  Adetuypsis  decumbens,  Benth.  (sub- 
epidermal rays  penetrating  the  subepidermal  layer  of  mucilage),  Burasaia 
madagascariensis,  DC,  and  Limacia  cuspidata.  Hook.  f.  et  Th.  (Cuming, 
No.  1252,  Philippines,  subepidermal  raj^  penetrating  the  subepidermal  layer 
of  mucilage) ;  lastly,  spicular  cells  differentiated  like  hairs  in  the  spongy  tissue 
in  Addiopsis  decumbens  (star-shaped),  Anomospermum  japurense,  Eichl.  (with 
few  rays),  Limacia  cuspidata  and  L.  microphylla,  Miq.  (star-shaped). 
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The  vascular  bundles  of  the  veins  are  in  most  cases  acc(Mxq>anied  by  well- 
developed  sclerenchymatous  tissue.  According  to  KrafiEt,  exceptions  to  this 
rule  are  found,  especially  in  AnUzonui^  Cissampehs  pro  parte,  Desmanema, 
'  DiptecUsia^  Disciphania^  Miefsiophykm^  SUphania  pro  parte  and  Tinospora 
pro  parte ;  in  these  the  sderenchyma  is  absent.  In  very  many  genera  and 
species  the  lateral  veins  of  the  second  order,  and  even  some  of  the  next  smaller 
size,  tend  to  be  vertically  transcurrent  by  means  of  special  parenchymatous  or 
sclerenchymatous  tissue  accompanying  mem.  According  to  ELrafft,  the  follow- 
ing genera  and  species  may  be  esp^dally  mentioned  as  examples  of  this : 
DiphcUsia  and  Mentspermum  (veins  vertically  transcurrent  by  means  of  tissue, 
which  is  not  sclerosed),  Heptacydum^  Hyperhaena^  Litnacia  microphyUa^  Miq., 
MacrococculuSf  Peraphora,  PericampylMs,  Pycnarrhena,  Sarcopetalum  and 
Triclisia  (veins  vertically  transcurrent  by  means  of  a  sclerenchjmmtous 
ring),  Abfda,  Anomospermum  reUcfdatum^  Eichl.,  Cosdnium^  Limacia  vehOina^ 
Kiers  and  Pachygane  (veins  vertically  transcurrent  by  means  of  regular  plates 
of  sderenchyma).  The  structure  of  the  smaller  veins  of  Chondrodendran 
platyphyUum^  Miers  is  also  noteworthy ;  these  veins,  which  project  on  the 
lower  side,  are  verticallv  transcurrent  on  the  upper  by  means  of  sclerenchjmia- 
tous  plates,  whilst  on  the  lower  side  a  group  of  paUsade-ceUs  forming  a  single 
layer  adjoins  the  vascular  bundle. 

The  forms  in  which  oxalate  of  lime  is  deposited  are  very  numerous,  as 
may  be  gathered  from  the  previous  description.  Specklly  common  t3rpes 
are  the  crystals,  varying  in  size,  of  prismatic,  acicular,  rhombohedrai  or 
other  shapes,  with  transitions  to  styloid-like  cr3^ta]s  or  crystal-sand ;  other 
common  forms  are  small  or  sometimes  larger  dustered  crystals,  and  ordinary 
lai^e  solitary  crystals.  In  most  cases  oxalate  of  lime  is  excreted  in  abundance, 
being  present  not  only  in  the  mesophyll  and  veins,  but  often  also  in  the 
epidermis.  The  onlv  cases  in  which  Krafft  found  no  oxalate  of  lime  in  the  leaf 
were  Abuta  Grisebdchii,  Tr.  et  PL,  A.  Itnene,  Eichl.,  Miersiophyion  kamerunense^ 
Engl,  and  Sciadotaewia  amazonica,  Eichl.  Only  the  typical  and  principal 
forms  of  crystals  can  be  employed  for  systematic  purposes,  since  the  others  are 
fr^uently  connected  by  transitional  forms,  so  that  tiieir  delimitation  becomes 
difficult.  In  the  first  place  the  occurrence  of  the  following  types  may  be 
mentioned  as  specially  important ;  ordinary  lar^e  solitary  crystals  are  found 
in  the  veins  in  Burasaia  pro  parte,  Chasmanikera^  Chlaenandra^  Fawcettia, 
HypsipodeSf  Kolobopetalum^  LeichhardHa,  Syntriandrium  and  Tinospora  i 
somewhat  smaller  rhombohedrai  crystals  are  present  in  Ahuia  pro  parte, 
Anomospermumf  Burasaia  pro  parte,  Heptacydum,  Husemannia,  Hyperbaena 

?ro  parte,  Litnacia,  Macrococcuhis^  Pachygane^  PUogyne,  Pycnarrhena  and 
iUacora  pro  parte  ;  rather  large,  styloid-shaped  or  prismatic  crystals,  which 
under  a  low  magnification  give  the  appearance  of  the  veins  being  striulated,  occur 
in  Cissampdos  pro  parte,  Cydea  pro  parte,  Dipiodisia  macrocarpa,  Miers, 
Jateofkiza  ColunuHi,  Miers,  Pericampylus  incanus,  Miers  and  Stephania ;  rather 
large  styloid-Uke,  mostly  geniculate,  hemitropic  crystals  are  found  in  numerous 
cells  of  the  palisade-tissue  in  Leichhardiia  damboides,  F.  v.  Miill. ;  large  clustered 
crystals  are  present  in  the  palisade-tissue  in  the  immediate  neighboiu-hood  of 
the  vascular  bundles  of  the  veins  in  Chondrodendran  pkUyphyUum,  Miers  and 
Syrrhonema  fasdculatum,  Miers,  smaller  dustered  crystals  in  the  palisade-tissue 
of  the  veins  in  Pericampylus  incanus^  and  small  clustered  crystals  or  aggre- 
gates resembling  dustered  crystals  singly  in  the  palisade-cells  of  Macrococculus 
^omiferus*  The  epidermis,  as  mentioned  above,  frequently  contains  various 
forms  of  oxalate  of  lime^  In  Desmonema  paUide-aurantiaca,  Engl,  et  Gilg  and 
TiUacora  Wameckei,  Engl.,  in  particular,  and  also  in  Anamirta  Cocc^us  the 
epidermis  on  both  sides  is  differentiated  as  a  regular  crystal-containing  armour ; 
the  cells  in  this  case  contain  chiefly  large  rhombohedrai  crystals.    Finally,  we 
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may  mention  the  paired  crystal-cells,  found  in  the  upper  epidermis  of  Ltich' 
hardtia  clatnbaides  ;  these,  like  the  paired  crystal-cells  of  Canavalia  viUosa  (see 
Systematic  Anatomy,  p.  265,  Fig.  58,  C),  as  a  rule  contain  hemitropic  crystals 
resembling  styloids.  Krafft  met  with  sphaerocrystalline  masses  composed  of 
an  unknown  chemical  substance  in  the  lower  epidermis  of  SarcofeUdum  Harvey^ 
anuntf  F.  v.  MiiU.  In  Arcangdisia  lemniscata  tubular  cells  filled  with  a  siliceous 
substance  are  found  at  the  ends  of  the  smaller  veins. 

Several  additions  may  be  made  to  the  earlier  statements  on  the  secretory 
receptacles  of  the  Menispermaceae,  which  referred  for  the  most  part  to  those 
occurring  in  the  axis.  In  the  first  place  we  may  note  that,  besides  secretory 
cells  of  vars^ng  length  and  with  diverse  contents,  there  are  also  open  inter- 
cellular secretory  receptacles.  The  latter  are  situated  singly  in  the  meshes 
of  the  veins,  and  are  often  enclosed  by  arc-shaped  cells  of  the  spon^  tissue ) 
Krafit  met  with  them  in  the  genus  Tinospora  (but  only  in  T,  Bakts^  Miers), 
and  also  in  Anatnospermum  japurense^  Eichl.  and  Miersiophykm  kamerunense^ 
Engl.  The  nature  of  the  secretion  vanes.  As  regards  the  distribution  of  the 
secretory  cells,  we  may  in  the  first  place  enumerate  those  genera  in  which  Krafift 
met  with  no  secretory  cells  in  the  leaf,  or  only  found  them  in  a  certain  number 
of  species  ;  these  are  :  Abuta^  Addiopsis,  Anotnospermum^  Arcangdisia^  Bania^ 
Calycocarpufn^  Carroniay  CUaenandra,  Chondroaendron^  Cocculus  pro  parte, 
Coscinium,  Cydea^  Ddandra,  Heptacydum^  Husemannia,  Hyperbaena^  Leich- 
hardtia^  Limacia  pro  parte,  Macrococculus^  Menispermum,  MiersiiypkyUm^ 
Pachygone,  Peraphora,  Pericampylus,  Pleogyne^  Pycnarrhena,  Sarcopdalum^ 
Sciadotaenia,  Stephania  and  Syrrhonema.  The  secretory  cells  in  the  leaf  are 
frequently  restricted  to  the  veins,  being  for  the  most  part  associated  with  the 
sclerenchyma  of  the  latter,  and  sometimes  even  embedded  in  it ;  they  then 
usually  have  an  elongated  shape,  like  the  secretory  cells  of  the  axis.  It  is  not  sO: 
common  to  find  the  secretory  cells  free  in  the  mesophyll,  where  they  occur  in  the 
form  of  rather  short  sacs  ;  when  this  is  the  case  the  veins  also  generally  contain, 
short  secretory  sacs  only,  more  rarely  sacs  of  greater  length.  The  contents  of  the 
secretory  sacs  vary  ^eatly.  In  herbarium-material  the  long  sacs  in  the  veins 
mostly  have  yellowish  contents,  which  after  treatment  with  eau  de  Javelle 
resemble  latex ;  sometimes,  however,  they  are  brown.  In  the  short  sacs  the 
secretion  generally  has  a  reddish-brown  colour,  but  in  some  cases  it  resembles 
gum,  e.g.  in  Antizoma.  Hallier  informs  me  that  Fibraurea  possesses  white  latex, 
^iaheu  has  recently  discovered  contents  resembling  caoutchouc,  and  capable 
of  being  drawn  out  into  threads  when  parts  of  the  branches  or  leaves  are  broken 
across,  in  the  secretory  sacs  of  Tinomisdum  javanicum^  Miers,  T.  pdiolare, 
Miers,  and  T.  phytocrenoides^  Kurz ;  these  sacs  are  120-150  /&  long,  and  occur 
in  the  stem  at  the  margin  of  the  pith,  and  on  the  outer  side  of  the  arcs  of 
pericyclic  hard  bast,  and  in  the  leaf  especially  in  the  neighbourhood  of  the  veins. 
Poulsen  met  with  mucilaginous  contents  in  the  aerial  roots  of  Tinospora  crispa^ 
Miers. 

Elongated  secretory  sacs  with  yellowish  or  brownish  contents  have  been  shown 
by  Krafit  to  occur  in  the  veins  of  the  leaf  in  tiie  following  genera :  Albertisia^ 
Anamirta,  Burasaia,  Chasmanthera,  Cissampdos  pro  parte,  Cocculus  pro  parte 
(in  most  cases),  Desmanetna,  Disciphania,  Fawcettia,  Hypsipodes^  Jateorhixa,  Kohbo- 
petalutn^  Limacia  pro  parte,  Parabaena^  Syntriandrium^  Tiliacara^  Tinospora; 
short  secretory  sacs,  which  mostly  have  reddish-brown  contents,  and  are  sometimes 
recoenizable  in  transmitted  light  by  using  a  lens,  were  found  to  occur  independently 
in  the  mesophyll,  and,  where  expressly  stated,  also  in  the  veins  in :  Antixama 
calcarifcra,  liuers.  A,  lycioides,  Miers  (also  in  the  veins),  Cissampdos  Pareira  pro 
parte,  C.  fasciculata^  Benth.,  Diplodisia  macrocarpa,  Miers  (also  in  the  veins), 
Tiliacora  racemosa,  Colebr.,  Triclista  loucoubensiSf  Baill.  (also  in  the  veins,  and  in 
the  mesophyll  sometimes  in  rows). 

The  earlier  statements  and  those  of  Kra£Et  agree  with  regard  to  the  occurrence 
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ol  elongated  secretoiy  sacs  in  the  petiole  and  axis  in  species  of  Anamirta^  Burasaia^ 
Cissampelos,  Diplocltsia,  Jateorhua^  Limacia  and  Tinospora.  Maheu  has  recently 
demonstrated  secretory  sacs  also  in  Fibraurea  chloroleuca  (=a  F.  tinct&ria.  Lour. 
ex  syn.),  Calycocarpum  sp.,  and  Pericampylus  sp.,  as  well  as  in  additional  species 
of  Burasaia,  Cissampelos,  and  Cocculus  ;  in  view  of  Kra0t's  results  Maheu's  state- 
ments with  reference  to  Calycocarpum  and  Pericampylus  require  re-examination 
and  confirmation. 

Owing  to  recent  investigations  our  knowledge  of  the  hairy  covering  of  the 
Menispermaceae  is  much  more  complete  than  formerly.  The  trichomes  may 
be  classified  under  t3^ical  clothing  hairs  and  glandular  hairs,  but  the  precise 
function  of  the  latter  remains  to  be  determined  in  living  material.  A  specially 
noteworthy  feature  of  the  t3^ical  clothing  hairs  is  that  they  are  not  exclusively 
unicellular  in  any  member  of  the  Order.  Krafft,  moreover,  only  records  these 
unicellular  hairs  in  Tinospora  Bakis^  where  they  represent  a  reduced  form 
of  the  multicellular  clothing  hairs.  Blottiere's  earlier  statement  regarding  the 
presence  of  unicellular  clothing  hairs  in  Abuta  rufescens  is  incorrect  and  may 
be  disregarded.  The  most  widely  distributed  form  of  clothing  hair  is  represented 
by  bicdlular  trichomes  with  a  short  basal  cell  and  a  longer  terminal  cell  of 
varying  length.  Points  of  difference  are  found  in  the  structure  of  the  basal 
cell,  the  upper  end  of  which  frequently  passes  over  into  a  stalk-Uke  process 
of  varying  length  and  either  soUd  or  provided  with  a  lumen,  as  well  as  in  the 
nature  of  the  wall  and  lumen  of  the  terminal  cell.  These  bicellular  clothing 
hairs  have  been  recorded  in  the  following  genera  :  Abuia^  Addiapsis^  Alberiisia^ 
AfUixama^  Bania,  Carronia^  Chondrodendran  (with  a  specially  long  terminal  cell), 
CissatnfdoSy  Cocculus^  CycUa^  Detandra  (with  a  specially  long  terminal  ceU), 
Husemannia,  Hyperbaena^  Limacia^  Macrococculus,  Menispermum  (accompanied 
by  three-celled  hairs,  see  below),  Pachygane,  PeraphorUy  Pericampylus^  Pleogyne^ 
Pycnarrhena,  SciadotaeniarSyrrlumema^  Tiliacora.  The  two  following  forms  of 
hairs  may  be  interpreted  as  modifications  of  the  bicellular  trichomes  :  (a)  those 
of  Anomospermum  reticukUumy  Eichl.,  in  which  the  basal  cell  undergoes  subse- 
quent division  by  thin  vertical  walls  ;  and  (6)  the  three-celled  trichomes  accom- 
panying others  composed  of  two  cells  in  the  species  of  Menispermum ;  here 
a  third  cell  is  interc^dated  between  the  basal  and  terminal  cell,  and  is  delimited 
from  the  latter  by  an  oblique  wall.  The  trichomes  of  Menispermum  constitute 
a  transition  to  the  uniseriate  clothing  hairs,  which  are  composed  of  more  than 
two  cells,  and  exhibit  various  types  of  differentiation,  llie  uniseriate  hairs 
are  found  in  the  following  species :  Anamiria  Cocculus  (3-6-celled,  with  thick 
division-walls;  especially  on  the  domatia),  Arcangdisia  lemniscata,  Becc. 
(3-8-celled,  with  both  thick  and  thin  division-walls ;  only  on  the  domatia), 
Calycocarpum  Lyonii^  Nutt.  (very  long,  composed  of  4-7  cells,  and  with  thin 
division-walls),  Chasmantkera  dependens^  Hochst.  and  C.  strigosa^  Baill.  (2-6- 
celled,  those  of  C.  strigosa  with  subsidiary  cells,  each  of  which  contains  a  large 
solitary  crystal  of  oxalate  of  lime),  Disciphania  lobata,  Eichl.  (3-7-celled), 
Heptacydum  Zenkeri^  Enrf.  (3-7-celled,  recurved  at  the  base),  Parabaena 
sagittaia,  Miers  (2-5-cellea,  with  thick  division-walls ;  see  under  the  forms 
of  glandular  hairs),  Stephania  discolor^  Spreng.  and  5.  hemandifdia^  Walp. 
(5-10-celled,  with  thin  walls,  a  number  of  cells  being  sometimes  placed  side  by 
side  at  the  base  of  the  hair),  Tinospora  Bakis^  Miers  (2~4-celled,  conical,  occa- 
sionally biseriate  at  the  base).  Lastly,  to  this  type  of  hair  we  may  also  refer 
the  characteristic  5-8-celled,  uniseriate  clothing  hairs  of  Coscinium  Blumeanum, 
Miers,  these  being  composed  of  several  short  basal  cells  exhibiting  uniseriate 
arrangement,  and  a  very  long  flagellif orm  terminal  cell ;  in  a  certain  sense 
these  again  form  a  transition  to  bicellular  clothing  hairs  with  a  short  basal  cell. 

Amongst  the  glandular  forms  of  hairs  we  may  firstly  include  the  small 
unicellular  club-shaped  or  ellipsoidal  trichomes  (possibly  hydathodes),  which 
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either  occur  singly  on  the  leaf-surface,  especially  in  the  neighbourhood  of  the 
veins  (and  sometimes  sunk  singly  in  small  pits,  e.g.  in  Tinospara  auriculata, 
Engl.),  or  lie  in  groups  at  the  base  of  the  lamina  in  the  angles  formed  by  the 
principal  veins  on  the  lower  side  of  the  leaf,  being  sometimes  situated  in  small 
pit-like  depressions  (domatia  ?).  These  unicellular  club-shaped  trichomes 
have  only  been  recorded  in  the  following  sj)ecies  :  Kolobopetalum  auriculatum^ 
Engl.,  Miersiophyton  kamerunense^  Engl.,  Tinospara  auricuUUa^  Engl.,  T.  Bakis, 
Miers,  T.  cardifolia,  Miers  and  T,  reticulata,  Miers.  With  these  unicellular 
club-shaped  trichomes  we  may  class  the  glandular  shaggy  hairs  of  Jaieorhiza 
Colutnba,  represented  in  Fig.  7,  A  in  this  work.  Finally,  we  may  mention  here 
the  uniseriate  trichomes  of  Calycocarpum  Lyonii  (narrowed  basally,  and  thin- 
walled  throughout),  and  Parabaena  sagUtata  (3-ceIled,  club-shaped,  with 
a  specially  thm-waUed  terminal  cell),  which  are  apparently  glandular  and  may 
be  derived  from  the  typical  clothing  hairs  found  in  these  species. 

Krafift  met  with  unicellular  hydathodes,  having  the  same  structure  as 
those  of  Anamiria  Cocculus  (accordmg  to  Haberlandt),  in  the  upper  and  lower 
epidermis  of  the  veins  in  the  leaf  of  Arcat^elisia  lemniscata.  He  made  the 
interesting  observation  that  in  both  species  the  walls  of  the  hydathodes, 
originally  composed  of  cellulose,  became  subsequently  suberized,  and  that 
additional  thickening  layers,  which  are  lignified  and  also  pitted,  are  deposited 
on  the  suberized  wall,  naturally  involving  the  loss  of  function  of  the  hydathodes. 

Typical  domatia  in  the  form  of  small  pits  are  found  in  the  angles  formed 
by  the  veins  of  the  second  order  in  Anamiria  Cocculus  and  Arcangelisia  lemnis- 
cata.   The  entrance  to  the  pits  is  clothed  with  hairs. 

3.  Structure  of  the  Axis.  According  to  Maheu,  the  development  of 
cork  takes  place  in  various  positions  :  either  in  the  epidermis  {Tinomiscium 
Petiolare)^  or  in  the  subepidermal  layer  (Menispermum),  or  first  in  the  primary 
cortex  and  then  in  the  pericycle  ('  Cissampdos  obovata^  DC).  In  Ment- 
spermum  canadense  and  species  of  AbiUa,  Couulus  and  Pericampylus  Damm 
observed  the  formation  of  '  a  cuticular  epithelium,'  which  sooner  or  later 
becomes  replaced  by  cork. 

The  following  additional  forms  are  stated  by  Maheu  to  exhibit  an 
anomalous  stnictttre  in  the  axis :  Chasmanthera,  Cissampdos  hexandra 
(=  Stephania  discolor^  Spr.  ex  S3m.),  Cocculus  Thunbergii  and  Menispermum. 
According  to  Maheu,  the  origin  of  the  anomalous  growth  is  not  always  the 
same. 

In  the  first  case  (in  an  unnamed  species  of  Menispermum)  the  secondary  vascular 
bundles  originate,  according^  to  Maheu,  in  the  primary  cortex  ;  in  the  second  case, 
which  is  the  most  widely  distributed  {Pareira  brava  ^  Chondrodendron  tomentosum, 
Ruiz  et  Pav,  ex  S3m.  and  Cocculus  laurifolius,  DC. ;  see  also  Gerard  with  reference 
to  AhiUa  rufescens  and  Chondrodendron  plafyphyllum)  they  arise  in  a  secondary 
tissue,  formed  by  division  of  the  endodermis  ;  in  the  third  case  {Cocculus  Leaeba,  DC. 
and  Cissampelos  Pareira)  they  appear  in  the  pericycle  ;  and  in  the  fourth  and  last 
case  (AbtUa  Selloana,  Anomospennum  grandifoUum,  Cocculus  piatyfhyllus  »  Chondro- 
dendron platyphyllum,  ex  syn.,  Cissampelos  Mauritianat  Wall,  -b  Pericampylus 
incanuSf  Miers  ex  syn.)  immediately  external  to  the  soft  bast  of  the  normal  ring 
of  bundles.  With  reference  to  Cocculus  Thunbergii  and  Cissampelos  hexandra 
I  quote  Maheu's  own  words :  '  le  cambium  peut  etre  inactif,  par  places  ou  pro- 
gressivement  sur  toute  sa  surface ;  il  apparait  alors  en  dehors  de  lui  une  nouvelle 
assise  g6n6ratrice.' 

Literature :  G^rd,  Form.  anom.  des  M^nisperm.,  Comptes  reodnt,  Paris,  ciii,  1S86,  pp.  1027, 
loaS. — [Heckel  et  Schlagdenhauffeo,  Bakis  et  Sangol,  Ann.  Inst  coL  Maneille,  iii,  1895,  p.  49 
•ct  seq.]— Schwabach,  in  Bot  Centralbl.  1898,  iv,  p.  359. — Spanjer,  Wasserapparate,  Bot  TmV  1898, 
i,  p.  61.— Pitard,  Pericycle,  Th^se,  Bordeaax,  1901,  pp.  50-53. — Damm,  Mehrjahr.  £pid.,  Beih.Bot. 
Centralbl.,  xi,  190a,  especially  pp.  236-9.— Mahen,  Kech.  anat.  sur  les  M^nisperm.,  Joam.  de  bot. 
190a,  pp.  360-78 ;  see  also  Congres  inteniat.  de  Phann.,  sep.  copy,  7  pp.  (received  xii,  1904). — 
|*oii1sen,  Lanrfddeme  hot  TYstcs/ora  crispa,  Vidensk.  Meddelels.  Kj0benhavn,  1902,  pp.  235-7. — 
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Morini,  Stud,  anat  del  caule  delle  Menisperm.,  Mem.  Accad.  Bologna,  1904. — Aretchoiig,  Trop. 
▼axt.  bladbygsn.,  St.  Vet.  Akad.  HandL  39,  n.  a,  1905,  pp.  ai,  la  and  Tab.  xziv  {Ptruampylut), — 
Maben,  Latidf^res  k  caoatchoac :  TiHcmisciumy  Comptef  rendns,  Paris,  4  d^c.  I5K>5>  wp-  copy,  a  pp. 
— [For  additiooal  literature,  see  p.  1171.] 

BERBERIDEAE  (pp.  44-47)- 

1.  In  the  Review  of  the  Anatomical  Features  the  followiiig  changes 
and  additions  are  necessary.  Glandular  hairs  with  a  uniseriate  stalk  an'd  an 
ellipsoidal  multicellular  head  occur  in  Epimedium.  Differentiation  of  papillae 
on  the  epidermal  cells  of  the  leaf  (occasionally  on  those  of  the  upper  side  as 
well)  is  also  found  in  numerous  species  of  Berberis  and  in  certain  species  of 
Epimedium  and  Berbcridopsis.  In  certain  species  of  Berberis  and  Mahonia 
a  parenchymatous  hypoderm  is  situated  beneath  the  upper  epidermis  of  the 
leaf,  and  in  very  many  species  of  these  two  genera  there  is  a  hypoderm,  com- 
posed of  sclerenchymatous  fibres,  in  the  same  position.  The  tendency  of  the 
vascular  bundles  m  the  subaerial  stem  to  show  an  arrangement,  like  that 
typical  of  Monocotyledons,  is  at  least  indicated  in  other  herbaceous  members 
of  the  Order  besides  those  jwreviously  mentioned.  The  nature  of  the  pericyde 
varies.  The  cork  either  arises  on  the  inner  side  of  the  groups  of  pericydic 
fibres,  or  in  the  primary  cortex,  sometimes  in  a  subepidermal  position. 

2.  Structure  of  the  Leaf.  The  structure  of  the  leaf  in  the  genera 
bdonging  to  the  tribe  Berbereae  is  now  well  known,  owing  to  the  investigations 
of  Citeme,  Kdhne,  Fedde  and  C.  K.  Schndder.  The  epidermis  furnishes 
numerous  anatomical  characters  suitable  for  specific  diagnosis,  e.g.  besides 
the  shape  of  the  cdls,  firstly  the  nature  of  the  cell-wall,  and  the  frequent  occur- 
rence of  papillae  ^  in  Berberis  and  Mahonia.    Cuticular  beads  are  also  found 

'  According  to  Citeme  and  others,  the  formation  of  papillae  on  the  lower  side  of  the  leaf  has 
been  demonstrated  in  the  following  species:  Berberis  agapcUemis,  B,  mrmaiaf  B,  asiatica,  B, 
hrackybotrya^  B,  carinaia^  B.  ckiiensiSf  B,  condnna,  B,  corymbosa,  B,  daysteuhya^  B.  densifiora^ 
Kohne,  B.  diaphatuey  B,  dUtyophytta^  B,  diffitsay  B,  empetrifoHa,  B,  feroXy  B.  ferrugineay  B, 
fiexmsay  B,  Gayiy  B.  glauea,  B,  Gotufaiiy  B.  Griseboikiiy  B,  guihuhe,  B,  heteropoda  var.  papiUesay 
B,  hcrrida,  B,  laufinOy  B,  lydum,  B.  macrosepalay  B.  cvata,  B.  pollens y  B,  papHli/erMyKoimey 
B.  pickeneensiSy  B,  pyrocarpay  Kohne,  B,  repenSy  londl.,  B,  rigidifoliay  B,  saxicola,  B.  serraU- 
dentaiay  B,  sittsiuiSy  B,  UlimensiSy  B.  Tokonaskiemmy  B,  umbeUata,  Wall.,  B,  vireuenSy  Hook,  f., 
B.  Wedddliiy  B.  yuttnantnsis  ;  Mahonia  angustifolia  (Hartw.),  M,  Fremontii  (Torr.),  M.  kaimato- 
earpa  (Woot.),  A/.  inartOy  Fedde,  M,  pinnata  (Lag.)*  ^^  pumila  (Greene),  M.  npenSy  Don,  M. 
trifcliolata  (Moric) ;  Epimedium  Davidiy  E.  sinensis;  Berbetidepsis  earalUna;  papillae  are 
present  on  the  npper  side  of  tiie  leaf  in :  Berberis  aetinacanikay  B,  acuminala,  B.  age^ensis^  B, 
asiaticay  B,  crispay  B.  formginea,  B,  Jlsxuosay  B.  laxijloray  B,  UviSy  B.  lyciumy  B,  WeddeUU ; 
Metkonia  Andruuxii  (Hook,  et  Ani.)»  M.  Fremontiiy  At,  kaemaioearpay  M.  pumilay  M.  suhinUgri- 
folia f  Fedde,  M.  trifoliolaia.  The  papillae  fomid  in  Berberis  guilachoy  B,  otfofa,  and  B.  toUmonsis 
are  of  a  specially  curious  type ;  they  are  united  into  groups  and  are  situated  at  the  margins  of  the 
individual  epidermal  cells. 

We  may  enumerate  here  separately  from  the  foregoing  list  those  species  of  Berberis  {Euberberis) 
in  which  C.  K.  Schneider  mentions  the  occurrence  of  a  papillose  epidermis  in  the  leaf.  Papillae  are 
present  (they  were  only  taken  into  account  by  Schneider  when  they  were  evident  in  a  surfaoe-view  of 
the  epidermis)  on  the  lower  side  of  the  leaf  in  :  Berberis  afghanica^  Sehn.,  B.  ampaUnsiSy  Lechl., 
B.  armatOy  Cit.,  B.  aurahuacensis^  Lem.,  B,  asiaiieay  Rozb.,  B,  brackybodriay  Gay,  B.  bumoliao- 
folia^  Sdm.,  B.  buxifoHay  Lam.  var.  papillosay  Schn.,  B,  ckiUnsis,  Gill.,  B,  chimboensiSy  Schn., 
B,  ekitriay  Lindl.  var.  sikkimensiSy  Schn.  (slight  papillae),  B,  concinnay  Hook,  f.,  B,  €orymbosay 
Hook,  et  Am.,  B.  cuneaiay  DC,  B,  dasystachya^  Maxim.,  B,  diaphana,  Maxim.,  B,  elegunSy  Schn., 
B.  empetrifolioy  Lam.,  B.  JUxuosa,  R.  et  P.,  B,  ForskaUanay  Schn.  (not  at  all  points),  B,  garkwa- 
Unsis,  Schn.  (more  or  less  marked),  B.  grandifioray  Turcz.,  B.  HallUy  Hieron.,  B.  Jaesckkeanay 
Schn.  (not  always  distinctV  B,  ignoratOy  Schn.,  B.  integerrimoy  Bge.  var.  eriwanensuy  Schn.  and 
var.  typicay  Schn.,  B.  kaukgaricay  Rupr.,  B,  KokneanOy  Schn.,  B,  Aemaononsis,  Schn.,  B.  kUifoHay 
R.  et  P.,  B,  linearifoliay  Phil.,  B.  luteOy  R.  et  P.,  B,  lyciumy  Royle,  B,  macrosepalay  Hook.  f.  et  Th., 
B,  MorittUy  Hieron.,  B.  nigricans^  O.  Ktze.,  B,  nummulariay  Bge.  var.  pyrocarpOy  Schn^  B. 
peUUnsy  Franch.,  B,  Pearceiy  Phil.,  B.  Petitianay  Schn.,  B,  phyllacantkay  Rusby,  B,  polyantka^ 
Hemsl.,  B.  psikpoda^  Turcz.,  B,  rarifloray  Lechl.,  B.  rectinorviay  Rusby,  B,  SouHeanay  Schn., 
B,  Tkomsoniana,  Schn.,  B.  Tkunbergit,  DC.  (in  part),  B,  tinctoriay  Lesch.,  B.  trigona^  Kze.,  un- 
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in  Berberis  marginaia,  whikt  characteristic  thickenings  of  the  outer  wall,  in 
the  form  of  a  network  of  ridj^es,  are  present  in  those  species  of  Mdhania^  which 
Fedde  includes  in  the  Aquifoliatae  and  Paniculatae.  In  certain  si)ecies  of 
Berberis  and  Mahonia  ^  a  parenchymatous  hypoderm,  mostly  with  thin  walls, 
occurs  boieath  the  upper  epidermis  ;  in  species  of  Berberis  and  Mahonia '  with 
thick  evergreen  leaves  a  still  more  widely  dbtributed  feature  is  a  hypoderm 
composed  of  sclerenchjmiatous  fibres  and  situated  likewise  beneath  the  upper 
epidermis '.  The  stomata  are  found  on  the  upper  as  well  as  on  the  lower  side 
of  the  leaf  only  in  certain  species  of  Berberis  and  LeotiHce  \  Subsidiary  ceUs 
can  only  be  said  to  be  present  in  Berberidapsis^  where  each  pair  of  guard-cells 
is  surrounded  by  a  muitiseriate  ring  of  rather  small  epidermal  cells.  Citeme 
mentions  the  occurrence  of  lobe-like  appendages  at  the  ends  of  the  guard-cells 
in  Cauhphyllum^  Epimedium  Davidi  and  E.  sinense.  For  the  water-pores  of 
Podaphyuum  see  Spanjer,  loc.  cit.  In  certain  species  of  Berberis  and  Mahonia  ' 
one  or  more  layers  of  the  spongy  tissue  have  thicker  walls  and  scanty  chloro- 
phyll, so  that  they  function  as  mechanical  tissue;  in  some  cases  they  are 
differentiated  like  a  hypoderm. 

As  regards  the  veins  of  the  leaf  we  may  mention  that  Citeme  attributes 
generic  importance  to  the  number  of  vascular  bundles  in  the  principal 
veins  (one  bundle  in  CaulophyUum^  Jeffersonia^  Leontice ;  several  in  Achtys, 
Berberis  incl.  Mahonia,  uiphyUeia,  Epimedium^  Nandina,  Podophyllum), 
and  to  the  occurrence  of  groups  of  sclerenchymatous  fibres  situated  at  the 
margin  of  the  leaf  and  sometimes  developed  in  connexion  with  a  marginal 
vascular  bundle  (only  in  Berberis  incl.  Mahonia,  Epimedium,  Nandina), 
The  groups  of  sclerenchymatous  fibres  accompanying  the  vascular  bundles  of 


named  species  belongiog  to  the  section  Tnudllenscs,  B.  umlxllata^  Wall,  (rather  distinct),  B,  varii- 
4cra,  Sdin.,  B,  vertui/ia/a,  Tnrcz.,  B,  vireseens,  Hook,  f.,  B,  virgaiay  R.  et  P.,  B,  viteilina^  Hieron., 
B.  IVamrana,  Schn.,  B,  WigiUiana^  Schn.  (in  most  cases),  B,yunmm4HsiSj  Franch. 

^  These  species  are :  Berberis  agapatinsis,  B.  armata,  B,  conferta,  B,  JUxMOsa,  B.  horrida  pro 
parte,  B.  loxensis,  B,  muHiJloru,  B,  paniculata,  B.  IValiichiana  pro  parte,  B,  WeddeUii;  Mahima 
Hartwegii  (Benth.). 

'  The  following  species :  Berberis  acHHOctmtha,  Mart.,  B,  brachybotr^,  B,  carimUa,  B, 
chilensis.  B,  Claussenii,  B.  coriacea,  B.  Darmimi,  B.  Darwimi  x  empetrtfolia^  B.  diffusa,  B. 
empeirifelia,  B,ferox,  B./erruginea,  B,  Griubachii,  B,  heterephvila,  B,  horriiia,  B,  iluijolia, 
B,  instgnis,  B,  laurina,  B.  ievts,  B.  lUoralis,  B.  Negenana,  Tischl.,  B,  Poianini,  B.  pruinesa, 
B.  ruscifolia,  B.  saxicola,  B.  serrato-dentaia,  B,  spinuiosa,  B,  Valdiviana,  B.  virgaia ;  Mahonia 
eurybracteata,  Fedde,  M.  Fortunei,  Lindl.,  M.  Fremontii  (Torr.),  M,  haematocarpa  (Woot), 
M,  japomca,  Thnnb.,  M.  nepaUnsis,  DC.,  Af.  nervosa,  Nntt.,  M,  polrodonta,  Fedde,  M.  trifoiiata 
(Moric.),  these  being  the  species  belonging  to  the  sections  which  Fedde  names  Longibracteatae  and 
Horridae. 

'  C.  K.  Schneider  mentions  the  occnnenoe  of  hypoderm  in  the  following  species  without  giving 
further  details:  Berberis  actinaeantka.  Mart,  (almost  invariably),  B,  agapaiensis,  LechL,  B. 
barandana,  Vid.,  B.  brachybodria,  Gay,  B.  chilensis.  Gill.,  B.  conferia,  KtL,  B,  cuneata,  DC., 
B.  Darwimi,  Hook.,  B.  divaritata,  Rnsby,  B.  empetnMia,  Lam.,  B.  Griffiihiana,  Schn.,  B.  HaUii, 
Hienm.,  B.  ilic^olia,  Forst.,  B.  instgnis.  Hook.  f.  et  Th.,  B.  laurina,  mSbg.,  B,  linearifilia,  PhU., 
B.  lUoralis,  Phil.,  B,  loxensis,  Benth.,  B,  lutea,  R.  et  P.,  ^.  paniculata,  fuss.,  B,  Pearcei,  Phil., 
B.  pectinaia,  Hieron.,  B.  fhyllacantha,  Kust^,  B,  pindilicensis,  Hieron.,  B.  psilopoda,  Turcz., 
B,  rariflora,  LechL,  B,  recUnervia,  Rnsby,  B.  ruscifolta^  Lam.,  B,  Schwerini,  Schn.,  B,  Selhmiana^ 
Schn.,  B.  SouUeana,  Schn.,  B,  trigona,  Knnze,  B,  valdiviana,  Phil.,  B.  variijlora,  Schn.,  B.  verti- 
Hllaia,  Turcz.,  B.  virgata,  R.  et  P.,  B.  PVa/lichiana,  DC,  B.  Warscewicxii,  Hieron.,  B.  PVawrana, 
Schn.,  B.  Wetisteiniana,  Schn. 

*  According  to  C.  K.  Schneider,  they  are  present  hi  large  nnmbers  on  the  npper  side  in  the 
following  species  only:  Berberis  aetnensis,  Presl,  B,  austraHs,  Moris  var.  Hacheliana,  Schn., 
B.  Boissiert,  Schn.,  B,  craiaegina,  DC,  B.  cretua,  L.,  B.  inl^gerrima,  Bge.,  B,  kaschgarica,  Rupr. 

*  The  following  species :  Berberis  asiatica,  B.  braehybotrya,  B.  carinata,  B,  chilensis,  B,  Clous- 
senii,  B.  conferia,  B,  coriacea,  B.  diffusa,  B,  ferox,  B.  Goudotii,  B.  ilidfolia,  B.  insignis,  B,  levis^ 
B.  pruinosa,  B,  saxicola,  B.  Valdiviana;  Mahonia  eurybractecUa,  M,  Fortunei,  M.  japomca^ 
M.  nepalensis,  M.  nervosa,  M,  polyodonia,  i.e.  species  belonging  to  the  section  Longibracteatae  of 
Fedde. 


ADDENDA— BERBERIDEAE  821 

the  smaller  veins  are  often  strongly  developed,  and  in  many  species  of  Berberis 
and  Mahonia  cause  the  veins  to  be  verticaUy  transcurrent. 

Regarding  the  mode  of  deposition  of  oxiUate  of  lime  we  may  add  the 
following  information.  The  clustered  crystals  occasionally  (e.g.  in  the  pith 
of  Mahonia  lanceolaia  and  Af .  pinnaia)  exhibit  a  sphaerooystaUine  structure. 
The  prismatic  crystals  of  unknown  chemical  composition  discovered  b^  Vesque 
have  also  been  observed  bv  Fedde  in  Mahonia  nepalensis  and  by  Citeme  in 
Berberis  cretica^  B,  GnsebaaUi  and  B.  levis. 

The  glandular  hairs  of  Epimedium  have  already  been  mentioned  above. 
Uniseriate  hairs,  composed  of  strongly  thickened  cells  (and  likewise  observed 
by  Citeme),  are  present  in  Epimedium  acuminatum  and  E.  sinense;  they 
consist  of  a  few  short  stalk-cells  and  a  long  terminal  cell,  which  is  specially 
thick-walled  and  pitted.  Structures  resembling  lenticels  are  present  m  large 
numbers  in  Berberis  Feddeana,  Schn.,  where  they  cause  brown  dots  on  the 
lower  side  of  the  leaf ;  in  other  species  of  Berberis  (e.g.  B,  canadensis.  Mill.) 
they  are  not  abundant,  nor  are  they  always  present. 

For  the  structure  of  the  leaf-spines  see  Mittmann,  Citeme,  and  Lothe- 
lier,  U.  cc. 

3.  Structure  of  the  Axis.  According  to  Citeme,  the  herbaceous  mem- 
bers of  the  Order  {Achlys^  Caulophyllum,  DiphyUeia,  Epimedium,  Jeffersonia, 
LeanUce,  Podophyllum)  have  a  normal  rii^  of  vascular  bundles  in  their  subter- 
ranean axis,  like  that  in  the  woody  species.  In  Achlys,  Diphylleia  and  Podo- 
phyllum, b^des  the  normal  vascular  bundles  there  are  others  situated  in  the 
primary  cortex  and  composed  mainly  of  sclerenchyma ;  these  cortical  bundles 
originate  in  the  scale-leaves  clothing  the  rhizome,  and,  according  to  Tischler, 
they  finally  pass  into  the  normal  ring  of  bundles.  On  the  other  hand,  in  the 
subaerial  portions  of  the  axis  among  the  herbaceous  species  there  is  a  tendency 
for  the  vascular  bundles  to  show  a  scattered  arrangement,  or  to  be  grouped  in 
two  or  more  rings*.  This  anomaly  is  specially  p^ronounced  in  Diphylleia, 
LeonUce  and  Poaophyllum ;  in  Epimedium,  according  to  Citerne,  there  are 
two  rings  of  bundles,  whereas,  according  to  Tischler,  the  presence  of  two  rings 
can  only  be  inferred ;  in  Achlys  Tischler  records  two  rmgs  of  bundles,  or  a 
single  ring  of  dovetailing  bundles.  In  the  same  way  the  other  genera  (including 
Ranzania  according  to  Tischler)  have  for  the  most  part  vascular  bundles  of 
two  sizes,  and  here  also  two  rings  of  bundles  may  be  supposed  to  be  present. 
A  t3^ical  scattered  arrangement  of  the  bundles  or  their  disposition  in  two 
or  more  rings  is  only  found  when  the  number  of  vascular  bundles  is  sufficiently 
large.  In  the  case  of  Podophyllum  Tischler  has  shown  that  the  inner  vascular 
bundles  are  of  the  nature  of  leaf-traces.  We  may  add  that  the  soft  bast  in 
Podophyllum,  like  that  of  the  Monocotyledons,  contains  only  sieve-tubes  and 
companion-cells,  and  no  bast-parenchjnna. 

Our  knowledge  of  the  structure  of  the  cortex  in  the  Berbereae  has  also 
been  extended.  In  most  cases  the  pericycle  comprises  a  continuous  or  inter- 
rupted ring  of  bast-fibres,  or  isolated  groups  of  bast-fibres.  Pericyclic  bast- 
fibres  (which  we  may  note  are  frequently  septate  by  means  of  thin  transverse 
walls)  are  only  wanting  in  the  subterranean  axes  of  the  herbaceous  forms 
/with  the  exception  of  Epimedium)  and  in  the  subaerial  stem  of  Leontice  aUaica. 
In  the  subaenal  axes  of  Epimedium,  and  of  Nandina,  Mahonia  Forlunei  and 
M.  japonica,  two  zones  of  bast-fibres  are  found  in  the  pericycle  (Citeme) ;  in 
Mahonia  Ehrenbergii,  Kunze,  the  pericycle  contains  a  composite  and  continuous 
ring  of  sclerenchyma  (Fedde),  as  in  the  Lardizabaleae.      In  Berberis    and 


'  Perrot*s  statement  (Tissn  cribl^,  Thise,  Paris,  1899,  P*  '4')  ^^^  secondary  bundles  of  wood 
and  bast  occur  in  the  primary  cortex  of  the  Lardixabaleae  is  incorrect. 
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Mahonia  the  bast  occasionally  includes  bast-fibres,  whidi  are  sometimes 
septate  or  merge  into  short  sclerenchymatous  elements.  The  cork  originates 
in  various  positions ;  either  in  a  layer  of  the  primary  cortex  (in  some  cases 
the  subepidermal  layer),  or  the  pericycle.  The  former  has  been  shown  to  be 
the  case  in  :  Berberis  idicina  ;  those  species  of  Mahonia  of  the  section  Pani* 
culatae,  which  have  been  investigated  with  regard  to  this  character;  the 
subterranean  portions  of  the  axis  in  CauhphyUum^  Dipkytteia^  Jeffersonia 
(subepidermal),  LeonUcCy  Podophyllum  (subepidermal) ;  and  Berbcrtdopsis.  The 
cork  arises  in  the  pericycle  in  most  species  of  Berberis^  in  Mahonia  pro  parte^ 
and  in  the  rhizomes  of  Achlys  and  Epimedium, 

For  the  structure  of  the  root  in  the  Berbereae  see  also  Citeme,  loc.  cit. 

litentnre:  Nanke,  Axcn  bd  dikotyl.  Holzpfl.,  Din.,  Kooigsbeig,  1886,  p.  35.~MittmaiiD» 
PflansenAach.,  Verh.  bot  Ver.  Brtodenbiirg,  1889,  p^54.^Citeme,  Berbdridto  et  Eijthroipermies^ 
Thte,  Paris,  189a,  161  pp.  and  8  pi.— Lothelier,  Epines,  Th^  Parii,  1803.*— Schwabach,  Bot. 
Centralbl.  1898,  !▼,  p.  359. — Spanjer,  Wasienpparate,  Bot  Zeit.,  1898,  i,  p.  55. — Holm, 
Pddopkylium^  Bot  Gazette,  1899,  PP*  4^9-31* — K5hne,  Anatom.  Meikmale  bet  i?«f;0irfir>Arten,  in 
Wittmack,  Gartenflora,  1899,  pp.  19, 39  and  68  et  seq. ;  see  also  Mitteil.  deutsch.  dendrolog.  Gesellsch. 
1899,  p.  S4. — ^Roedler,  Assimiiator.  Gewebesyst.,  Diss.,  Fmburg  i.  Schw.  1899,  P*  37* — ^^^^^f  Mono- 
graphie  d.  Gatt.  Mahonia^  in  Engler,  Bot  Jahrb.,  xui,  1901,  pp.  30-133.— Pitard,  PMcjde,  Thiae^ 
Bonileaaz,  1901,  pp.  ^9  and  53. — ^Petersen,  Vedanatomi,  \^\y  p.  4a.---iSimon,  in  Ber.  dentsdi.  bot. 
Gesellsch.  lOOS,  p.  S38. — ^Tischler,  Berberidaceen  n.  Podophyllaoeen,  in  Engler,  Bot  Jabrb.,  xzxi. 


OS,  p.  596  et  seq.— Col,  Faisceanz,  Ann.  sc  nat.,  s^.  8,  t  xz,  1904,  p.  116. — C.  K.  Sdineider^ 
Btrb^ris  l£u6€r6eris),  BuU.  de  THerbier  Boisrier,  s^r.  s,  v,  190K,  pp  —    ...  - 

Bnll.  Siena,  1906,  p.  169.— [For  additional  literatnxe,  see  p.  1169.] 


NYMPHAEACEAE  (pp.  47-51). 

2.  Structure  of  the  Leaf.  It  is  characteristic  of  the  stomata  of  Nym- 
phaea^  and  also  of  those  of  Euryale^  Nuphar  and  Victoria^  that  the  closing  of  the 
pore  is  not  effected  by  contact  of  the  arched  ventral  vralls  of  the  guard-cdls, 
but  by  more  or  less  complete  approximation  of  the  external  cuticular  ridges 
of  the  latter  (Haberlanat).  The  branched  sclerenchymatous  ceUs  (internal 
hairs,  trichoblasts)  found  in  the  genera  Nymphaea,  Nuphar,  Victoria  and 
Euryale  have  recently  been  thoroughly  investigated  by  Giirtler.  Their  form 
varies  greatly,  even  within  the  limits  of  the  same  species.  Besides  the  stellate 
idioblasts  and  those  of  girder-Uke  form  showing  one-sided  development  and 
resembling  hairs,  other  specially  noteworthy  forms  are  the  H-shaped  elements 
resembling  the  spicular  cells  of  the  Aroideae  and  occurring  in  the  peripheral 
portions  of  the  petiole  and  peduncle  of  Nymphaea.  The  crystals  of  oxalate 
of  lime  on  the  idioblasts  of  Nymphaea  are  sometimes  reduced  in  number ; 
according  to  Giirtler,  p.  19  (but  not  quite  in  accordance  with  p.  42),  similar 
crystals  apparently  occur  in  Victoria  regia  also ;  in  Nymphaea  and  Nuphar 
the  waUs  of  the  tnchoblasts  bear  pits  where  they  are  in  contact  with  the  nei^h* 
bouring  cells.  According  to  Giirtler,  the  trichoblasts  have  a  purely  mechanical 
function. 

Other  structures  which  may,  according  to  Giirtler,  be  classed  with  these 
unicellular  internal  hairs  are  multicellular  mtercellular  structures  resembling 
shaggy  hairs ;  they  consist  of  several  rows  of  cells  with  thick  pitted  walls, 
attain  a  length  of  •02—1  mm.,  and  are  terminated  by  a  stellate  cell  enclosing 
a  large  clustered  crystal.  These  hairs  are  either  unbranched  or  branched, 
and  in  the  latter  case  each  branch  terminates  in  a  cell  with  a  clustered  crystal. 
They  occur  in  Nehmbium  speciosum,  where  they  accompany  the  hair-like 
cells  containing  clustered  crystals  previously  mentioned,  and  are  situated  in 
the  intercellukur  spaces  in  the  neighbourhood  of  the  diaphragms,  which  in 
this  species  are  specially  lacunar ;  they  serve  as  a  mechanical  support  to  these 
diaphragms.  R^arded  developmentally  they  are  emergences,  since  they 
arise  from  the  two  outermost  cell-layers  of  the  wall  of  the  interceUular  canaL 
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According  to  Giirtler,  structures  similar  to  those  forms  of  internal  hairs 
described  as  false  diaphragms  by  Tr^cul  (see  the  previous  statements  on  p.  49) 
are  also  found  in  Nymphaea  cafensis  and  other  species,  as  well  as  in  Euryde 
ferox.  The  hair-like  structures  found  in  Brasenia,  mentioned  and  figured  in 
the  earUer  part  of  this  work  (after  Schrenk),  are,  according  to  Gurtler,  probably 
of  a  pathological  nature,  since  they  have  not  been  observed  under  normal 
conditions.  Intercellular  hairs  of  a  pathological  nature  are  moreover  quite 
conunon  in  the  Nymphaeaceae ;  for  this  point,  see  Giirtler,  loc.  cit.,  p.  54 
et  seq . 

With  reference  to  the  systematic  value  of  the  air-canals  in  the  petiole 
see  Conard,  loc.  cit. 

3.  Structure  of  the  Axis.  According  to  Van  Tieghem  and  Schoute, 
astely  is  of  almost  universal  occurrence  in  the  rhizomes  of  the  Nymphaeaceae. 
Ndwnbium  alone  has  a  general  endodermis  around  the  central  cylinder. 
According  to  Gwynne-Vaughan,  poljrstely  (with  twelve  or  more  'root-bearing 
steles ')  is  also  found  in  the  rhizome  of  Victoria  regia  and  certain  species  of 
Nymphaea  (locally  beneath  the  points  of  insertion  of  the  leaves). 

Note. — ^We  may  mention  that,  according  to  Hewitt,  the  Nymphaeaceae  are 
the  only  Order  of  Dicotyledons  in  which  the  root-hairs  arise  from  special  cells, 
noticeable  as  idioblasts  even  during  the  differentiation  of  the  epidermis  of  the 
root,  this  being  analogous  to  what  has  been  observed  in  very  many  Monocotyledons. 

Literature:  Costantin,  Tiges  d.  pi.  aqiuit,  Ann.  sc.  nat.,  i^".  6,  t.  six,  1884,  P'  387  et  seq.  and 
pi.  17.— Haberlandt,  Spaltoffn.  d.  Schwimmpfl.,  Flora,  1887,  p.  103.— Mittmann,  Pflanzenstacheb, 
Verh.  hot  Ver.  Brandenbuig,  1889,  p.  6^ — ^Wijnaendts  Francken,  Sclerdden,  Diss.,  Utrecht,  iS^, 
pp.  33-5.— Gwynne-Vaughan,  Morph.  and  anat  of  Nymphaeaceae,  Transact.  Linn.  Soc.  Bot.,  1897, 
pp.  387-99  and  pi.  ai,  as. — ^Wollenweber,  Anat.  d.  SchwimmbL,  Diss.,  Freiburg  i.  Br.,  1897,  pp. 
33-6  and  aa,  33.— Weinrowsky,  Schdteloffn.  bei  Wasserpfl.,  Diss.,  Berlin,  1898,  p.  35.— Thomas, 
Feniiles  scut.,  Thhae,  Paris,  1900. — Masters,  Air-canals  in  the  stalks  of  Nymphaeaceae,  Jouxn.  Roy. 
Hoitic  Soc.,  xxvi,  looi-a,  pp.  840-3. — ^Knothe,  Unbenetzbaie  Bl.,  Diss.,  Heidelberg,  190a,  p.  16. — 
Schoute,  Stelartheone,  1903,  p.  115.— Freidenfeldt,  Anat  Ban  d.  Wnrzel,  BibL  bot,  H.  61,  1904, 
p.  55. — ^Leavitt,  Trichomes  of  the  root.  Proceed.  Boston  Soc.  Nat  Hist.,  xxxi,  1904,  p.  3oa*-Pissetti, 
Load,  dell*  alcaloidenel  Nuphcar^  etc.,  Malplghia,  ioo4,jpp.  106-9. — Conard,  Waterluies,  Wasbington, 
1005,  pp.  37-77.— Gartler,  Intercellulare  Haarbifd.,  Diss.,  Berlin,  1905,  91  pp.— •[Montr.Wirtini, 
SUt.  mecc  della  Victoria  regia^  Atti  1st.  bot  Pa^ia,  1905,  5  pp.  and  3  tab.] — [Cnifflot,  Anat  comp. 
des  Barclaya  kngifolia  et  B,  Mottlm^  Bull.  Soc.  sc.  nat.  Sadne^-Loire,  X906.] — G^BMia  de 
Lamarli^re,  Membr.  cut.  des  pi.  aqu..  Revue  gdn.  de  bot.,  1906,  p.  389  et  seq. 


SARRACENIACEAE  (pp.  51-54). 

Fenner's^  recent  investigations  include  Sarracenia  flava,  L.,  in  which  they 
deal  with  the  nectarial  glands  found  on  the  under  side  of  the  Ud  and  around  the 
entrance  to  the  pitcher,  the  development  of  the  hairs  in  the  *  eel-trap-zone,'  and 
the  fourth  or  lowermost  zone  of  the  pitcher,  which  is  regarded  as  the  absorptive 
region.  The  nectarial  glands  are  of  epidermal  origin,  having  a  patelliform  depres- 
sion at  the  apex  and  resembUng  the  glands  of  the  pitcher  in  structure.  The  absorp- 
tive zone  has  an  epidermis  of  pecuUar  structure,  the  cells  having  undergone  division, 
though  the  daughter-cells  are^  only  bounded  by  incomplete  walls  in  the  form  of 
ridges.  Without  further  investigation  I  caimot  accept  Fenner's  interpretation 
that  we  are  deaUng  with  simple  epidermal  cells,  which  have  become  segmented 
into  a  number  of  '  niches '  by  means  of  ridges  of  cellulose  and  include  ^several 
nuclei.' 


'  Fenner,  Anat,  Entwicklungsgesch.  n.  Biol.  d.  Lanbbl.  n.  Drtisen  einiger  Insecttvoren,  Diss., 
ZUrich,  1004,  pp.  a  1-7  and  Tab.  ix  and  zxi  (also  Flora,  1904).— See  also  :  Freidenfeldt,  Anat.  Ban 
d.  Wnrzel,  BibL  bot,  H.  61,  1904,  p.  63. — [Macfiirlane,  Sarracenia  Cateshaei,  Contrib.  Bot.  Lab. 
Philadeli^a,  ii,  1904,  p.  436  et  seq.]— Forrest  Shreve,  Sarracenia  purpurea,  Bot.  Gac,  xlii,  190$, 
pp.  118-33. 
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PAPAVERACEAE  (pp.  54-56). 

3.  Structure  of  the  Axis.  Astely  is  found  in  Ckdidonium  majus 
(Schoute). 

Literatiune :  £.  Schmidt,  Milchr.,  Bot.  Zeit,  1883,  p.  445.— [Togmni,  Stomi,  Atti  1st.  bot. 
Pavia,  1894.] — Boergtaai,  Arkt.  pi.  bladbygn.,  Bot.  Tidsskr.,  xix,  1895,  p.  219  et  aeq.— Scbubeit, 
Parenchymscheiden,  £ot.  Centralbl.,  1897,  iii,  p.  474. — Miuden,  Wastenec.  Org.,  Bibl.  bot,  H.  46, 
1899,  p.  34. — Thomas,  Fenilles  sout,  Th^,  Paris,  1900. — ^Molisch,  Milchsaft  u.  Schleimsaft,  1901, 
p.  71  et  seq. — Knothe,  Unbenetzb.  Bl.,  Diss.,  Heidelberg,  190a,  p.  i4.-~Sch<mte,  Stelartheorie,  1903, 
p.  116. — Tneoriii,  Vaxttrichom.,  Arkiv  for  Bot.,  i,  1903,  p.  171.— Kniep,  Bedcnt.  d.  Milcfaiaftes, 
Flora,  1905,  p.  176  et  seq. — Mayas,  Milchr.  in  den  Bl.,  Beih.  bot  CentralbL,  xviii,  Abt  i,  1905, 
pp.  376-8. — Sarton,  Rech.  exp.  sor  Tanat  des  pi.  affines,  Ann.  sc.  oat,  s^r.  9,  t.  ii,  1905,  pp.  ae-3a 
(CAtf/rV<9ifSMw).— [Faltis,  Opinmalkaloide,  Phann.  Post.,  1906,  n.  31,  32;  abstr.  in  Bot.  Centnubl., 
civ,  p.  61.] 

FUMARIACEAE  (pp.  56-58). 

Zsak  Zoltan  has  recently  met  with  unicellular  fineer-shaped  trichomes  in 
specimens  of  Corydalis  cava  and  C.  solida,  two  species  which  he  regards  as  varieties. 

Literature:  Costantin,  Tiges  a^r.  et  sont,  Ann.  sc  nat,  s^r.  6,  t.  xvi,  1883,  p.  96  et  seq. — ^Jost, 
Zerkliift.  emiger  Rhiz.  n.  Wurz.,  Bot  Zeit,  1890,  p.  469  et  seq.  (Ctfi^db/ir).— Thomas,  Fenilles  soot. 
These,  Paris,  1900. — Knothe,  Unbenetzb.  Bl.,  Diss.,  Heidelbexg,  i^a,  p.  15. — ^Zsak  Zoltan,  in  Magyar 
Bot.  Lapok,  1904,  4  pp.— [Haberlandt,  Sinnesorg.,  ii  Anfi.,  I9o(k] 

CRUCIFERAE  (pp.  58-67). 

2.  Schweidler's  recent  investigations  on  the  myrosin-cells  found  in  the 
foliage-leaves  of  the  Cruciferae  contain  the  following  statements,  which  we  may 
add  to  the  information  given  on  pp.  60-62.  The  earlier  statement  (p.  60)  regard- 
ing the  absence  of  chlorophyll-grains  in  the  mjnrosin-cells  is  incorrect,  since 
Schweidler  found  chloroplasts  in  the  secretory  cells  of  the  assimilatory  tissue 
in  those  species  which  he  subjected  to  a  detailed  examination.  According  to 
Schweidler,  the  local  distribution  and  the  differentiation  of  the  idioblasts  in  the 
sepalsy  petals  and  the  valves  of  the  pod  are  essentially  the  same  as  in  the  foliage 
leaves.  The  presence  or  absence  of  idioblasts  is  probably  a  character  of  generic 
value.  In  those  cases  in  which  no  mjnrosin-cells  have  been  found  in  certain 
species  of  a  genus  generally  possessing  these  elements,  this  is  probably  due 
to  a  reduction  of  the  secretory  cells,  which  has  hitherto  rendered  it  impossible  to 
recognize  them.  Closely  related  species  possess  albuminous  cells  agreemg  in  their 
local  distribution,  size,  shape,  &c.  Schweidler  distinguishes  between  '  idioblasts 
of  the  vascular  bundles,'  which  are  mostly  prosenchymatous,  and  '  idioblasts 
of  the  mesophyll,'  which  are  parenchymatous  elements  containing  chlorophyll 
and  showing  little  or  no  difference  from  the  ordinary  cells  of  the  mesophyll ;  he 
subdivides  the  idioblasts  of  the  vascular  bundles  into  '  idioblasts  of  the  phloem- 
sheath  '  and  '  idioblasts  of  the  parenchjnna-sheath.'  Accordinjg  to  the  same 
authority  another  point  of  S5^tematic  importance  is  to  be  found  in  the  presence 
or  absence  of  special  albuminous  contents  in  the  guard-cells  of  the  stomata 
in  those  species,  which  have  no  idioblasts. 

The  genus  Arabis  has  been  made  the  subject  of  detailed  investigation  by 
Schweidler,  his  iresults  being  as  follows.  In  the  species  of  the  section  Turritis^  L. 
the  idioblasts  are  present  in  the  phloem-sheath  only,  in  the  species  of  the  section 
Cardaminopsis,  Boiss.  they  occur  both  in  the  phloem-sheath  andin  the  parenchyma- 
sheath,  in  uiose  of  the  sections  Pseudarabis,  C.  A.  Mey.  and  Turritella,  C.  A.  Mey.  the 
idioblasts  are  situated  in  the  mesophyll,  and  in  those  of  the  section  Euarabis  there 
are  only  special  albuminous  contents  in  the  guard-cells,  whilst  in  some  few  species 
no  idioblasts  were  recognizable.  In  consequence  of  these  results  and  from  a  con- 
sideration of  other  characters  Schweidler  comes  to  the  conclusion  that  the  genus 
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Arabis  must  be  provisionally  restricted  to  the  sections  Euarabis^  Pseudarabts  and 
TurriteUa^  whilst  the  section  Cardaminopsis  should  be  included  in  Catdamine^  and 
Tuftitis  raised  once  more  to  the  rank  of  an  independent  genus. 

The  same  features  are  moreover  of  value  m  connexion  with  the  subdivision 
of  the  Crucif  erae,  if  one  studies  the  afi&nities  of  the  genera  having  idioblasts  in  the 
mesophyll  only  (£xo-idioblastae),  or  idioblasts  in  the  vascular  bundles  only  (Endo- 
idiobtastae),  or  both  kinds  of  idioblasts  (Hetero-idioblastae). 

The  £xo-idioblastae  include  the  following  genera :  Lunaria,  VesicariUf  Schive- 
reckia^  Peltaria^  Petrocallis^  Draba,  Cochlearia  (Alyssineae) ;  Thlaspi,  Teesdalia 
(Thlaspideae) ;  Anastatica  (Anastaticeae) ;  Cakile,  Chorispora  (CaJdhneae) ;  Gold- 
bachia  (Anchonieae) ;  Brassica,  Sinapis,  Moricandia,  Diplotaxis^  Eruca  (Brassiceae) ; 
VeUa,  Carrickterat  Succovia  (Velleae) ;  Crambe,  Raptstrum,  Raphanus  (Raphaneae) ; 
Bunias  (Buniadeae) ;  Braya^  Arabis  sens,  strict.  (Arabideae) ;  Alliaria^  Conringia 
(Sisymbrieae).  The  Endo-idioblastae  include :  Cheiranthus,  Nasturtiutn,  Barbarea, 
TurritiSf  Arabis  Sect.  Cardaminopsis,  CardaminSf  Deniaria  (Arabideae) ;  Malcalmia, 
Hesperis,  Sisymbrium,  Erysimum  (Sisymbrieae) ;  Camelina  (Camelineae) ;  Sene' 
biera,  Lepidium,  Aethionema  (Lepidineae) ;  CapseUa,  Biscutella  (Thlaspideae) ; 
Heliophila  (HeUophileae).  The  Hetero-idioblastae  include :  Iheris ;  Lepidium 
Draba  ;  I  satis  Myagrum  (Isatideae). 

Mardner  also  mentions  the  occurrence  of  myrosin-cells  in  Pringlea  antiscor- 
butina,  R.  Br. 

According  to  Bouygues,  the  petiole  of  the  Cruciferae  is  distinguished  by 
the  presence  of  '  faisceaux  rayonnfe/  which  have  a  characteristic  mode  of 
development.  The  vascular  bundles  of  the  petiole  are  arranged  in  a  ring^ 
and  are  embedded  in  a  parenchjrmatous  tissue,  the  cdls  of  which  differ  from 
the  parenchyma  of  the  ground-tissue  in  having  smaller  lamina  and  thicker 
walls.  The  entire  ring  of  vascular  bundles,  together  with  the  small-celled 
parenchjrma,  develops  from  a  single  procambial  strand,  in  which  secondary 
procambial  bundles  become  differentiated  and  give  rise  to  the  individual 
vascular  bundles. 

Regarding  the  anomalous  strands  of  soft  bast  in  the  rhizome  and  root  of 
Cochlearia  Armoracia^  see  also  Viret,  loc.  cit. 

litentnre :  Costantin,  Tiges  a^.  et  sout.,  Ann.  sc.  nat,  ait.  6,  t.  xvi,  1883,  p.  98  et  seq. — 
Costantin,  Tiges  a^r.  tt  sout.  d.  pi.  aqaat.,  Ann.  sc.  nat.,  s^r.  6,  t  xix,  1884,  p.  387  et  seq.,  and  pi. 
14-16. — [Tognini,  Stomi,  Atti  1st.  hot.  Pavia,  1894.] — Boergesen,  Arku  pi.  bladbygn.,  Bot. 
Tidsskr.,  xix,  1895,  p.  219  et  seq. — Schubert,  Parencbymscheiden,  Bot.  Centralbl.  1897,  iii,  p.  475. — 
Leisering,  InterxyL  lieptom.  Diss.,  Berlin,  1899,  p.  a8. — Anheisser,  Aninkoide  Blattspreite,  Diss., 
Jena,  1900,  pp.  18,  10. — ^Panlesco,  Struct,  onat.des  hybrides,Th^,  Geneve,  1900,  p.  63  {Deniaria). 
— Schleichert,  Xeropbyten  bei  Jena,  Natnrwiss.  Wocbenschr.,  1900,  p.  446  {TA/aspi). — Tbomas, 
Fenilles  sont,  Tbte,  Paris,  1900. — Veba,  Anat.  d.  Axen  von  Afyssum  calycinum,  Oesterzeich.  bot. 
Zeitschr.  1 901,  pp.  225-33.~Bouygues,P^tioIe,  Thbe,  Paris,  igoa,p.  31  et  seq. — Clauditz,  Blattanat. 
canar.  Gew.,  Diss.,  Basel,  190a,  pp.  57,  58  {Ckeiranthus^), — Knotne,  Unbenetzb.  Bl.,  Diss.,  Heidel- 
l}«rgf  >90'»  P-  15* — ^Mardner,  Phan.-Ve^.  der  Kergnelen,  Diss.,  Basel,  1903,  pp.  8-14  (Pri^gUa), — 
[Annan,  Piontedella  reg.  medit.,  Ann.  di  bot.,  i,  1903,  p.  17  et  seq.  (/i^V).]~-Theorin,  Vaxttrichom., 
Arkiv  for  Bot,  i,  1903,  p.  170  and  iv,  n.  18, 1905,  pp.  17, 18. — [Boodle,  Wallflower,  New  Phytol., 
iii,  1904,  p.  39 ;  abstr.  in  Bot.  Centralbl.,  xcv,  p.  504.  J — Chrvsler,  Strand  plants,  Bot.  Gazette,  xxxvii, 
1904,  p.  461  et  seq.  (Ca>b/^).— Sussenguth,  Beh.-Verh.  d.  Wiirzb.  Mnschelkalkpfl.,  Diss.,  Wiirzburg, 
1904,  pp.  19,  30. — Viret,  Liaisons  du  phloeme  m^.  etc.,  Institat  bot  Geneve,  1904,  pp.  36-45. 
--Schweidler,  Eiweisszellen  d.  Cmcif.,  Ber,  dentsch.  bot  GeselUch.,  1905,  pp.  374-85  and  Taf.  xii. 
— [For  additional  literature,  see  p.  11 70.] 

CAPPARIDEAE  (pp.  67-77). 

I.  Under  the  general  Review  of  Anatomical  Features  we  may  add 
that  crj^talloids  are  occasionally  present  (in  cells  of  the  ground-tissue  and 
epidermis  of  the  petiole  of  Boscia)  in  the  form  of  small  rhombohedral,  octahedral 
or  rounded  crystalline  bodies. 


^  The  statement  tbat  glandular  hairs  are  present  in  Chciranthus  scoparius  appears  questionable 
tome. 
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2.  Structure  of  the  Leaf.  In  connexion  with  a  monographic  revision 
of  Boscia  Pestalozzi  made  a  thorough  examination  of  the  structure  of  the 
leaf  in  this  genus.  The  most  characteristic  feature  of  the  ^enus  is  the  occur- 
rence in  the  mesophyll  of  sderenchymatous  cells  elongated  m  the  same  direc- 
tion as  the  palisade-tissue  ;  these  elements  are  situated  beneath  the  epidermis 
on  both  sides  of  the  leaf,  and  where  they  come  in  contact  with  the  epidermis 
they  exhibit  either  a  bulbous  (B.  angustifolia^  Rich.)  or  a  somewhat  T-shaped 
(B.  rotundifdia.  Pax,  &c.)  enlargement,  or  a  more  or  less  abundant  ramification^ 
The  thickness  of  their  walls  varies  greatly.  In  some  cases  these  elements, 
like  the  sderenchymatous  cells  of  certain  species  of  Capparis^  may  even  pene- 
trate between  the  epidermal  cells,  and  thus  form  part  of  the  surface  of  the 
leaf.  The  structure  of  the  leaf  in  Boscia  is  bifacial  or  centric ;  the  stomata 
are  either  restricted  to  the  lower  surface  or  are  found  on  botii  sides  of  the 
leaf.  No  hypoderm  is  present.  On  the  other  hand  storage  tracheids  (described 
by  Pestalozzi  as  *  sclereids  with  a  lobed  form ')  occur  in  the  spongy  tissue. 
Tlie  vascular  bundles  of  the  smaller  veins  are  provided  with  hard  bast  and 
are  embedded.  The  hairy  covering  consists  only  of  unicellular  clothing  hairs 
of  varied  length  ;  in  B.  corymbosa^  Gilg.  these  hairs  appear  like  finger-shaped 
papillae.  For  the  remaining  features  of  the  leaf-structure  see  the  work  cited 
below.  Large  solitary  crystals  of  oxalate  of  lime  (cf.  Syst.  Anat.,  p.  71)  also 
occur  in  the  axis  of  Cadaba ;  they  are  situated  in  the  stone-cells  of  the  pericyde. 

The  thorns  of  Capparis  spinosa^  which  are  interpreted  as  stipales,  contain 
neither  vascular  bundles  nor  terminations  of  bundles  (Lothelier). 

3.  Structure  of  the  Axis.  The  cork  in  Cadaba  glandtdosa^  Forsk.  also 
arises  subepidermally.  In  this  species  the  primary  cortex  contains  groups  of 
stone-cells,  and  the  pericyde  exhibits  a  composite  and  continuous  ring  of 
sclerenchyma. 

,  Litnmtnre:  Wijnundts  Fnncken,  Sclerciden,  DiM.,  Utrecht,  1890,  pp.  50,  5i.^LotheUer, 
Epint%,  Thte,  Paris,  1893,  pp.  35  and  A6.--Pestalozxi,  B^ciOy  BaU.  de  1  H«rMer  hokmier,  1898, 
A  pp.  iii;  also  Diss.,  Zurich,  152  pp.  and  13  pi.— Urspnni;,  Cadaba  giandtUosa^  Ber.  deotsch.  bot. 
Ges.,  1901,  pp.  501-8  and  Tab.  xnz.— [Moll  and  JansMnins,  Mikrographie  d.  Holzes,  Leiden,  1906, 
PP-  ^75-93  {CappariSf  Cni/fl««).]— [Holtennann,  Einfluss  d.  Klimas,  1907,  p.  106  {Capparis^ 
Mae  ma).] 


RESEDACEAE  (pp.  77-79). 

Morstatt's  recent  investigations  deal  with  only  a  few  species  of  Reseda. 
The  discovery  of  oxalate  of  Irnie  in  the  form  of  small  crystals  in  the  pith  of 
Reseda  odorata  is  specially  noteworthy. 

Other  points  of  importance  are  as  follows.  Large  vesicular  papillae  with 
transitions  to  simple  unicellular  blunt  hairs  are  borne  by  the  epidermis  of  the 
stem  in  R.  lutea ;  on  the  leaf  the  papillae  are  restricted  to  the  margin.  The 
pericyde  in  the  stem  of  Reseda  indudes  groups  of  bast-fibres.  The  structure 
of  the  wood  in  Reseda  exhibits  the  same  features  as  in  Ochradenus. 

The  basal  appendages  ('  denticuli  basilares ')  of  the  leaves  of  Reseda 
exhibit  various  t3rpes  of  structure ;  in  R,  ItUea  they  have  a  distinct  palisade* 
like  epidermis,  which  secretes  mucilage  ;  in  no  case  do  they  contain  a  vascular 
bundle. 

Literature:  J.  MQlIer,  Monogr.  de  la  famille  des  RMd.,  Ziirich,  1857,  p.  11  et  seq.  and  Tab. 
i-iii. — [Tognini,  Stomi,  Atti.  1st.  bot.  Pavia,  1894.]— Morstatt,  Beitr.  z.  Kenntn.  d.  Resed.,  Diss.; 
Heidelberg,  1903,  64  pp.— Col,  Faisoeanx,  Ann.  sc.  nat.,  s^r.  8,  t.  xx,  1904,  p.  109.— Siissengnth^ 
Behaarungsverh.  d.  wiinb.  Mnsehelkalkpfl.,  Diss.,  Wtirzbnrg,  1904.  p.  20. 
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CISTINEAE  (pp.  79-82). 

With  reference  to  the  hairy  covtfittg  (p.  80)  we  may  add,  on  Siissenguth's 
authority,  that  tufted  hairs  like  those  found  in  Cistus  creiicus  (Syst.  Anat., 
Fig.  21,  B)  also  occur  in  HeliatUhemum  nanum^  but  not  in  H.  vulgare  and  H. 
pdifolium. 

Regarding  the  structure  of  the  axis  (cf .  p.  82)  the  following  data  may  be 
quoted  from  Piccioli's  investigations,  which  deal  with  the  four  genera  of  the 
Order.  In  the  wood,  medullary  rays  are  not  present  in  Lechea^  whilst  in  the 
remaining  genera  they  are  narrow  and  mostly  uniseriate.  As  a  nde  the  bulk 
of  the  wood  is  composed  of  prosenchyma  with  bordered  pits ;  in  the  species 
of  Hdianfhemum  belonging  to  the  section  Eriocarpufn,  however,  the  tracheids 
are  replaced  by  mechamcal  elements.  Wood-parenchyma  only  occurs  in 
relatively  small  amount.  The  r^on  in  which  the  first  layer  of  cork  is  pro- 
duced varies,  being  the  epidermis  in  Cistus  and  HdiafUhemum  {  Lecheoides, 
the  subepidermal  layer  of  cells  in  Lechea^  Helianthemum  %Halimiuin  and 
EuhdiafUhemum,  a  more  or  less  deeply  situated  layer  of  the  primary  cortex 
in  HdiafUhemum  {  Macularia,  Brachypdalum  pro  parte,  Eriocarpum^  Fumana 

Eo  parte  and  Pseudocistus^  the  endodermis  in  §  Brachypetalum  pro  parte,  and 
5tly  the  cell-layer  situated  on  the  inner  side  of  the  bast-fibres  of  the  pericycle 
in  audsania  and  {  Fumana  pro  parte.  The  endodermis  is  seldom  distinctly 
differentiated ;  it  constitutes  aqueous  tissue  in  HdiafUhemum  polifolium  and 
H.  saUcifolium,  The  outer  portion  of  the  primary  cortex  is  often  collen- 
chymatous.  The  pericycle  in  species  of  all  the  genera  includes  a  ring  of  fibres, 
or  isolated  groups  of  bast-fibres  ;  in  certain  species  of  HdiafUhemum  the  bast- 
fibres  are  scanty  or  absent.  In  H.  gutUUum  the  pith  is  differentiated  as  aqueous 
tissue.  It  remains  to  mention  that  in  all  the  genera  oxalate  of  lime  occurs 
in  the  form  of  clustered  crystals ;  and  that  additional  solitary  crystals  have 
only  been  observed  in  different  parts  of  the  axis  in  the  species  of  HdiafUhemum 
belonging  to  the  section  Eriocarpum  (H.  kahiricum  and  H.  sessiliflorum). 

Literature^ :  Gaachery,  Hebrides  dans  le  genre  Cistus,  Assoc.  fran9.  Be8an9oa,  1893,  i,  p.  238, 
and  U,  pp.  534-41. — Schubert,  Parenchymscheiden,  Bot  CentralbL  1897,  iv,  p.  16. — Panlesco,  Struct, 
anat.  des  hybrides,  Thte,  Gen^,  1900,  p.  75  {Cistus), — Clanditz^  Blattanatomie  canar.  Gew., 
Dim.,  Basel.,  1901,  pp.  is,  13  {Cistus),— 'Gt^ncherj,  in  Assoc,  franf.  Ajaodo,  1901,  ii,  ed.  1903,  pp. 
408-13  {Hiiianthemum  halimtfolium  x  Cistus  salvif0lius),'^VtXtniea^  Vedbuiatomi,  1901,  p.  43. — 
Pitard,  PMcyde,  Thite,  Bordeaux,  1901,  p.  loa.— Grosser,  Cistaceae,  in  Pflansenreich,  H.  14,  1903, 
pp.  3-4. — Picdoli,  IJtgBiO  e  cortecda  delle  Cistin.,  Naov.  Giom.  bot.  Ital.,  N.  S.,  xi,  1904,  pp.  472- 
5O4.-»SSs0eDgnth,  Behaamngsrerh.  d.  WOrzb.  Mnschelkalkpfl.,  Diss.,  WUrsbnrg,  1904,  pp.  20*2 a. — 
Saxton,  Anat  d.  pi.  affine%  Ann.  sc.  nat.  s^.  o,  t  ii,  1905,  pp.  39-43  (/T^r/iair/^mMm).— Picdoli, 
L^;nami,  BnlL  Siena,  1906,  p.  167. — [For  adcUtional  literature,  see  p.  1169.] 

VIOLARIEAE  (pp.  82-86). 

Section  2.  An  undetermined  Peruvian  species  of  Viola  (Viola  62)  investi- 
gated by  Weberbauer  has  a  papillose  epidermis  on  the  upper  side  of  the  leaf ; 
on  the  same  side  there  is  also  a  strongly  projecting  network  formed  by  strands 
of  tissue  containing  2-3  layers  of  palisade-cells  showing  a  fan-like  arrangement. 

With  reference  to  the  teeth  on  the  margin  of  the  leaf  (p.  85)  we  may  add 
that  they  secrete  Hme  in  some  species  of  Viola  (e.g.  V.  scandens^  Willd.,  accord- 
ing to  Triana  et  Planchon,  Prodr.  Flor.  Nov.  Granat.,  Ann.  sc.  nat.,  sdr.  4, 
t.  xvii,  1862,  p.  121,  and  V.  Liftdeniatia,  Turcz.,  Tonduz,  n.  2123,  Costarica). 


*  Gerber^s  paper  (£t.  anat.,  phys.  et  biol.  sur  les  Cistes  de  Provence,  Annoaire  Fac.  Sc.  Marsdlle, 
1899)  only  deals  with  the  reprodnctiye  organs. 
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Section  3.  According  to  Pitard,  a  composite  and  continuous  ring  of 
sderenchyma  in  the  pericycle  is  also  developed  in  '  lonidium  salicifoUum' 
and  species  of  Alsodda. 

Litemtnre:  G.  Kmus,  Inulin  bei  Viol.,  Sitz.-Ber.  naturl  Geselltch.,  Halle,  1880,  p.  6;  see  also 
Barnes,  in  Phann.  Joum.  and  Transact,  1884,  p.  515,  and  Beauviiage,  in  BulL  trimestr.  Soc  bot  de 
Lyon,  1888,  pp.  13  and  59.— Costantin,  Tiges  aer.  et  sout.,  Ann.  sc.  nat,  s^r.  6,  t.  xvi,  1885  jp.  loa 
et  seq.— Schubert,  Parenchymscheiden,  Bot  CentnlbL  1897,  iv,  p.  17.— [Hartwidi,  Falacfae 
Ipecacuanhaworz.,  Schweizer.  Wocheoschr.  f.  Chemie  etc.,  1899,  n.  48 ;  abttr.  in  Just,  1900,  ii, 
p.  38,  Inulin  !l.— Panlesco,  Struct,  anat.  des  hybrides,  Th^,  Geneve,  1900,  p.  70  (Km^^).— Pitard, 
Pericycle,  These,  Bordeaux,  1901,  p.  70. — Clauditz,  Blattanat.  canar.  Gew.,  Diss.,  Basel,  1903, 
pp.  55,  56. — ^Fieidenfeldt,  Anat.  Bau  d.  Wurzel,  Bibl.  bot.,  H.  61,  1904,  pp.  61-3.— Sarton,  Riech. 
exp.  sur  I'anat.  des  pi.  affines,  Ann.  sc.  nat.,  wkx.  9,  t.  ii,  1905,  p.  86  (FiWa).— Siissengnth, 
Behaarungsverh.  der  Wiirzb.  Mnschelkalkpfl.,  Diss.,  Wiirzbttzg,  1904,  p.  33. — Theorin,  V'axttrichom^ 
Arkiv  for  Bot.,  iii,  n.  5,  1904,  p.  18;  see  also  loc  cit,  iv,  n.  18,  1905,  p.  14. — Weberbauer,  Veget. 
der  Hochanden  Pens,  in  Engler,  Bot.  Jahrb.,  xxxrii,  1905,  p.  88. — [Moll  and  Janssonius,  Mikro- 
graphic  d.  Holzes,  Leiden,  i,  1906,  pp.  193-7  {^AlsodM),'] 

CANELLACEAE  (pp.  86-87). 

2.  Structure  of  the  Leaf.  In  Canella  alba^  P.  Browne,  C.  obtusifdia, 
Miers,  and  Cinnamodendron  macranthum^  Baill.  the  mesophyll  contains  no 
typical  palisade-tissue.  According  to  Pannentier,  clustered  crystals  are  found 
in  the  epidermis,  where  they  occur  in  every  cell  in  Canella  alha^  in  each  cell 
of  the  upper  epidermis  in  Cinnamodendron  macranthum^  and  in  small 
epidermal  cells  in  Cinnamosma  fragrans.  In  Canella  obtusifolia  and  Cinnanuh 
aendron  macranthum  the  stomata  are  only  present  on  the  lower  side  of  the  leaf, 
and  are  accompanied  by  subsidiary  cells  placed  parallel  to  the  pore.  In  all 
three  genera  the  vascular  bundles  of  the  veins  are  strengthened  both  above 
and  below  by  groups  of  fibres.  In  Cinnamodendron  also  three  vascular  bundles 
pass  into  the  leaf. 

3.  Structure  of  the  Axis.  Regarding  the  structure  of  the  cortex  we  may 
add  that  in  CaneUa  obtusifolia,  Cinnamodendron  macranthum  and  Cinnamosma 
fragrans  also  the  cork  develops  in  the  subepidermal  layer  of  cells.  In  Canella 
only  are  the  U-shaped  sclerosed  cells  present  in  the  phelloderm ;  this  tissue  is 
not  sclerosed  in  Cinnamodendron  macranthum,  and  in  Cinnamosma  fragrans 
sclerosis  is  only  local.  In  all  three  genera  the  pericycle  includes  bundles  of 
fibres,  which  in  some  cases  only  develop  at  a  later  stage. 

Literature :  [Greenish,  Canella  bark,  Pharm.  Joum.  and  Transact.,  xxiv,  1893-4,  pp.  793-7.]) — 
Parmentier,  in  Giard,  Bull,  scient.  de  la  France  et  de  la  Belgique,  xxyii,  1895-6,  pp.  315-18. — Bier- 
mann,  Oelzellen,  Diss.,  Bern,  1898,  pp.  29, 30. — ^Van  Tieghem,  Canellacees,  Joum.  de  bot.,  1899,  pp. 
266-76. — [Courchet,  Cifmafmsnia,  Ann.  Inst.  Marseille,  1906.] 

BIXINEAE  (pp.  87-91). 

I.  To  the  Review  of  Anatomical  Features  we  may  make  the  following 
additions.  In  the  four  genera  of  the  Cochlospermeae  the  structure  of  the  bast 
is  like  that  of  the  lime  and  shows  the  same  character  in  the  primary  cortical 
medullary  rays,  i.e.  they  broaden  outwards  like  a  wedge ;  the  development 
of  cork  besides  being  subepidermal  may  also  be  epidermal  and  {Aphloia)  peri- 

?^clic ;  groups  of  small  epidermal  cells  containing  crystals  are  also  found  in 
amptostylus,  EryU^rospermum,  Itoa,  Rawsonia,  and  Scottellia;  mucilaginous 
epidermal  ceUs  in  the  leaf  are  also  met  with  in  the  genera  Amoreuxia  and  Mar- 
quesia ;  mucilage-cells  (not  mucilage-canals)  occur  according  to  Van  Tieghem  in 
sphaerosepalum ;  simple  unicellular  clothing  hairs  provided  with  blunt  pro- 
tuberances are  found  in  Hoplestigma ;  tufted  hairs  also  in  Marquesia  ;  pjeltate 
hairs  also  in  Camptostylus  and  Cochlospermum ;  glandular  hairs,  differing  in 
structure  from  those  of  Oncoba  and  Poggea,  in  Hoplestigma  and  Marquesia ; 
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wart-like  emergences  on  the  petiole  in  Scolopia ;  hypoderm  in  the  leaf  also  in 
species  of  lioa  and  ScoUdlia ;  spicular  fibres  in  the  mesophyll  also  in  Ceniro^ 
flacus  paniculaiuSf  Gilg  (where  their  lumina  are  often  fillea  with  silica)  and 
Erytkrosfermum  amplexicaide^  DC. 

2.  Structure  of  the  Leaf.  The  spicular  fibres  of  Centraplacus  and 
Eryihrospermum  mentioned  above  were  observed  by  Brandlein  and  Citerne 
respectively.  The  sclerenchymatous  fibres  of  Centroplacus  paniculaius  branch 
off  from  the  sderenchyma  of  the  veins,  and  sometimes  show  ramification 
themselves ;  they  are  specially  distinguished  by  the  frequent  presence  of 
amorphous  siUca  filling  their  wide  Itunina.  Mucilaginous  epidermal  cella 
also  occur  in  Amoreuxia  palnuUifida,  M09.  et  Sess6,  Marquesia  macrura^  Gilg» 
Neuntannia  deUoides^  Warb.,  N.  minima^  Warb.  and  fi.  theaeformis^  Rich, 
(species  of  Aphloia).  A  hypoderm  of  one  or  several  layers  is  found  beneath  the 
upper  epidermis  in  Erythrospermum  amplexicauU^  DC,  E,  amplifolium,  £.  coro- 
nariumy  E.  laxiflorum^  E.  phytolaccaides,  E.  pyrifdium,  E.  teirasepahn,  E.  verti- 
dUaium,  Lam.,  Itoa  arienialis,  Hemsl.  (locaUy),  and  ScoUeUia  macropus^  Giljg 
et  Dinkl.,  while  a  single  hypodermal  layer  is  situated  above  the  lower  epidermis 
in  Eryihrospermum  amplexicauU  and  E.  verUciUatum  (Brandlein,  Citerne  and 
Van  Tieghem).  The  small  crystal-idioblasts  in  the  epidermis  are  recorded 
by  Citerne  in  Erythrospermum  (with  clustered  crystals)  and  by  Brandlein  in 
Campiosiylus  caudatus,  Gilg  (with  clustered  and  solitary  crystals),  Itoa 
orietUaUs  (dust,  cryst.),  Rawsonia  Schlechteri,  Gilg  (clust.  cryst.),  and  Scot* 
teUia  macropus  (dust,  and  soUt.  cryst.).  A  stomatal  apparatus  of  a 
distinctly  Cruciferous  t3T)e  is  found  also  in  Centrofdacus  and  Rawsonia^ 
whilst  the  Rubiaceous  type  is  clearly  developed  also  in  Carrierea,  Itoa  and 
Trichostephanus ;  in  the  remaining  genera  investigated  by  Brandlein  only 
ordinary  neighbouring  cells  are  present.  The  stomata  of  Sphaerosepalum 
aUemifolium,  Bak.  occur  on  both  sides  of  the  leaf,  and  are  provided  with 
subsidiary  cells  (Van  Tieghem). 

In  6ixa^  Erythrospermum  and  Sphaerosepalum  the  vascular  bundles  of 
the  veins  are  accompanied  by  sclerenchymatous  fibres,  but  this  is  not  the 
case  in  Amoreuxia  and  Cochlospermum.  One  or  three  vascular  bundles  pass 
out  into  the  leaf.  In  the  genera  Bixa^  Cochlospermum  (MaximUianea)^  Amo- 
reuxia and  Sphaerosepalum  {vfldch  was  formerly  included  among  the  Guttiferae) 
— ^all  four  members  of  the  Cochlospermeae — ^the  three  bundles,  which  enter  the 
petiole,  sooner  or  later  unite  to  form  a  ring,  and  in  Bixa  the  latter  encloses 
an  arc  of  wood  and  bast  with  the  xylem  directed  upwards.  In  Bixa  the 
vascular  system  of  the  midrib  is  the  same  as  that  of  the  petiole  (this  is  contrary 
to  the  earlier  statement  on  p.  89).  In  the  Flacourtieae,  on  the  other  hand, 
there  is  either  one  vascular  bundle  (DovyaHs^  Flacourtia,  Ludia^  Scolopia, 
Xylosma,  &c.),  or  three  (Azara,  Idesia,  Tisonia,  Trimeria,  &c.)  which  unite 
to  form  an  arc  open  on  its  upper  side  ;  in  this  tribe  the  vascular  system  nowhere 
forms  a  ring.  In  the  genus  Aphloia  (Neumannia),  which  in  its  anatomy  departs 
in  some  respects  (see  5ie  development  of  the  cork)  from  the  Flacourtieae,  three 
vascular  bundles  (one  large  and  two  small)  pass  out  from  the  axis  into  the 
petiole.  In  the  same  way  three  vascular  bundles  also  occur  in  Erythrochiton, 
but  a  modification  is  introduced  inasmuch  as  the  bundles  in  this  genus 
ultimately  become  concentric  in  structure. 

In  connexion  with  the  subject  of  oxalate  of  lime  (p.  89)  we  may  mention 
that  Fabricius'  recent  statement  as  to  the  occurrence  of  cystoliths  in  a  member 
of  this  Order  (Aphloia  madagascariensis)  is  incorrect.  The  plant  examined  by 
Fabricius  does  not  belong  to  the  Bixineae,  but  was  a  specimen  of  Artocarpus 
integrifolia,  L.f.  (Urticaceae). 

The  most  important  addition  to  the  previous  statements  on  internal 
secretory  organs  is  as  follows.    In  Sphaerosepalum  aUemifolium,  Bak.,  Van 
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Tieghem  only  met  with  mucilage-cells  in  the  primary  cortex  of  the  branch,  in 
the  parenchyma  of  the  petiole,  and  in  the  mesophyll ;  this  is  not  quite  in 
agreement  with  Warburg's  earlier  observations  on  the  occurrence  of  mucilage- 
canals. 

The  secretory  cells  are  also  present  in  Amoreuxia  palnuUifida^  M09.  et 
Sess^  and  A.  unipora^  Van  Tieghem.  They  are  quite  generally  distributed 
in  the  outer  portion  of  the  primary  cortex  of  the  branch,  in  the  parenchymatous 
ground- tissue  of  the  petiole,  and  in  the  mesophyll.  The  mucilage-canals  actually 
exhibit  lysigenous  development,  and  are  also  found  in  the  petiole  and  in  the 
larger  vems  of  the  leaf ;  in  the  primary  cortex  they  occupy  the  inner  portion. 
A  central,  medullary  mucilage-canal  has  only  been  recorded  in  the  axis  of 
Bixa  OreUana  and  Amoreuxia  unipara. 

To  the  section  dealing  with  the  hairy  covering  we  may  firstly  add  that 
simple  unicellular  clothing  hairs  have  been  met  with  in  Carrierea^  Hopiestigma 
(where  they  bear  the  protuberances  mentioned  above),  Itoa  and  Marquesia ; 
in  the  last  of  these  genera  the  simple  hairs  are  accompanied  by  tufted  hairs 
(Brandlein).  Peltate  hairs  are  described  by  Van  Tieghem  in  Cochlosptrmum^ 
and  by  Brandlein  in  Camptosiylus  (in  this  genus  they  have  a  short  stalk  and 
thin-walled  ray-cells).  The  glandular  trichomes  of  Hopiestigma  Pierreanum^ 
Gilg,  which  were  likewise  oteerved  by  Brandlein,  are  uniseriate  and  in  some 
cases  of  great  length ;  they  consist  of  a  few  basal  cells  with  relatively  thick 
walls,  followed  by  several  longer  cells  with  thin  walls,  and  a  rounded  terminal 
cell,  which  is  not  sharply  marked  off,  and  has  thin  walls.  According  to  the 
same  authority,  the  glandular  hairs  of  Marquesia  macrura  have  a  short  stalk 
and  an  obliquely  inserted  head,  the  latter  being  multicellular  and  having  both 
hori2ontal  and  vertical  division-walls.  According  to  Areschoug,  the  wart- 
like emergences,  mentioned  above,  found  on  the  petiole  in  Scolopia  and  having 
the  function  of  hydathodes,  include  an  epithema  and  the  termination  of 
a  vascular  bundle. 

3.  Structure  of  the  Axis.  The  structure  of  the  cortex  has  recently 
been  investigated  in  detail  by  Van  Tieghem,  more  particularly  in  the  genera 
of  the  Cochlospermeae,  as  well  as  in  Aphloia  (Neumannia)  and  Erythrospermum. 
In  Bixa,  Amoreuxia,  Cochlospermum,  Sphaerosepalum  and  Erythrospermum  the 
pericycle  contains  isolated  bundles  of  bast-fibres,  whilst  in  the  Flacourtieae, 
according  to  Van  Tieghem,  though  not  quite  in  accordance  with  the  earlier 
statements  of  Harms  (see  p.  87),  a  composite  and  continuous  ring  of  scleren- 
chyma  is  quite  generally  developed.  A  similar  ring  is  found  in  the  pericycle 
in  the  species  of  Aphloia,  and  according  to  Pitard  also  in  Xylosma  nitidum 
(where  it  includes  cells  with  U-shaped  thickening),  and  in  a  plant  described  as 
Rumea  coriacea  ( =  Xylosma  nitidum  ex  syn. !)  (with  ordmary  stone-cells). 
A  distinct  endodermis  composed  of  relatively  large  cells  with  Caspary^s 
dots  on  the  radial  walls  is  present  in  Aphloia  only.  The  bast  has  a  characteristic 
structure  in  four  genera  of  the  Cochlospermeae,  viz.  Bixa,  Amoreuxia,  CocUo- 
spermum  and  Sphaerosepalum,  The  groups  of  phloem  are  narrowed  outwards 
in  the  form  of  a  wedge,  while  the  primary  medullary  rays  become  correspond- 
ingly broader  in  the  same  direction ;  moreover  the  groups  of  bast  show  the 
same  characteristic  stratification  into  hard  and  soft  bast  as  is  seen  in  the  lime. 
A  similar  broa'dening  of  the  medullary  rays  outwards,  and  a  narrowing  of  the 
phloem-groups  between  the  rays  is  also  more  or  less  marked  in  Erythrospermum, 
but  no  secondary  hard  bast  is  present.  In  Aphloia  sclerosis  of  the  bast  only 
occurs  in  the  older  branches.  Bast-fibres  occurring  singly  or  in  groups  are 
formed  from  the  thin-walled  tissue  in  the  outer  portion  of  the  phloem,  whilst 
the  tissue  of  the  primary  medullary  rays  between  the  phloem-groups  undergoes 
sclerosis  as  far  as  the  boundary  of  the  xylem.  Consequently  the  newly-formed 
soft  bast  appears  in  a  transverse  section  in  the  form  of  nests  of  tissue  corre- 
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spending  to  the  individual  vascular  bundles.  In  the  tjrpical  Flacourtieae, 
according  to  Van  Tieghem,  there  is  neither  stratification  of  the  bast  into  hard 
and  soft  bast,  nor  any  wedge-Uke  broadening  of  the  primary  cortical  medullary 
rays  outwards.  The  cork  arises  in  the  epidermis  in  Bixa  and  Amoreuxia^  in 
the  outer  cell-layer  of  the  primary  cortex  in  Cochlospermum,  Sphaerosepalum 
and  ErythrospermufH^  but  on  the  inner  side  of  the  pericyclic  parenchyma  in 
ApUda.  The  cells  of  the  cork  are  flat  and  have  thm  wails  in  Bixa ;  they  are 
flat  and  somewhat  thickened  in  Erythrospermum,  flat  and  provided  with 
slightly  thickened  tangential  walls  in  Aphhia^  and  so  on. 

Literature :  Citerne,  Bcrberidto  et  Ervthrospermte,  Th^,  Paris,  1893,  pp.  10^  and  127. — 
Briquet,  Hydathodet  foL  det  ScoUfita,  Bull.  Herb.  Boisaier,  1898,  pp.  ^03,  504.— Van  Tieghem, 
Nenmanm^,  Jonxn.  de  bot.,  1899,  pp.  361-7. — ^Van  Ti^hem,  Bixacees,  Cochlospermacees  et 
Sph^s^palao^  Jonxn.  de  bot,  1900,  pp.  33-54. — ^Van  Tieghem,  Erythroaperme,  Jonm.  de  bot., 
1900,  pp.  135-9. — ^Pit^ud,  P^ricyde,  TheM,  Bordeanx,  1901,  p.  68. — Areschong,  Mangrovepfl.,  Bibl. 
bot.,  H.  56, 1903,  pp.  61-3,  and  Tab.  vi — Fabricins,  Lanbblattanat.,  Beih.  Bot.  Centzalbl.^  xii,  1903, 

S^  3i7>  318.— Solereder,  Zwei  Bericht.,  BnlL  Herbier  Boisaier,  1903,  p.  318  et  seq.— [Rippa, 
novo  genere  etc.  {Luopoiia\  BnlL  Oito  bot  Napoli,  ii,  1904,  p.  69  et  seq.] — ^Areachoug,  Trop. 
Taxt  bladbyggn.,  St.  Vet  Akad.  Handl.  39,  n.  3,  1905,  pp.  103-5  {Tarakt^n0s\  and  pp.  116-18 
{Ryparosa), — Biandlein,  Syst.-anat.  Untersuch.  d.  Bl.  der  Samydaceen,  Benth.-Hook.,  Diss., 
Eriangen,  1906,  Manuscript  {Camptostyius,  Carrierea,  Centroplacus,  Hoplestigma^  Itoa^  Marquesia, 
Haws^nia^  ScotttUia^  Trickostephanus), — [For  additional  literature,  see  p.  1 169.] 

PITTOSPOREAE  (pp.  91-94). 

Literature:  Pitard,  P^cycle,  These, Bordeaux,  1901,  p.  40. — Hooper,  Supposed BtUschmUdta' 
bark,  Phann.  Joum.,  1904,  p.  361  et  seq.  (According  to  the  results  of  my  own  investigation  this 
"bark  belongs  to  /V/tox/^rvM.)— [For  additional  literature,  see  p.  1171.] 

POLYGALEAE  (pp.  96-100). 

Regarding  the  anatomy  of  the  saprophytic  genus  Epirrhuanthes  we  may  note 
that  the  scale-leaves  have  no  stomata,  unicellular  clothing  hairs  are  present^  and 
the  vascular  cylinder  of  the  stem  is  enveloped  by  a  ring  of  fibres. 

Literature:  Knoblauch,  Oekolog.  Anat.  etc.,  Habilitat  Schr.,  Tttbingen,  1896,  p.  33  et  seq. — 
Penzig,  Epirrhitanthes,  Ann.  Jard.  Buitenzorg,  xvii,  1901,  pp.  143-70,  and  Tab.  xx-xxvi. — [For 
additional  literature,  see.  p.  11 71.] 

VOCHYSIACEAE  (pp.  ioa-104). 

3.  Structure  of  the  Axis.  Leiserinjg  thinks  it  probable  that  the  inter- 
xylary  phloem,  which  is  also  found  in  Erisma  nitidum^  DC,  is  developed  by 
subsequent  differentiation  of  sieve-tubes  from  parenchyma  given  off  internally 
by  the  cambium. 

Literature:  Johannson,  Noch  wenig  bek.  Rinden,  Diss.,  Dorpat,  1891,  pp.  15-17. — Leisering, 
InterxylsUes  Leptom,  Diss.,  Berlin,  1899,  pp.  45,  46. 

CARYOPHYLLEAE  (pp.  107-111). 

I.  The  Review  of  Anatomical  Features  requires  the  following  additional 
remarks.  The  structure  of  the  stomatal  apparatus  is  not  the  same  in  all  the 
members  of  the  Order,  the  Caryophylleous  tj^  with  two  cells  placed  trans- 
versely to  the  pore  being  rare  {Loeflingia)  in  the  representatives  of  the  tribe 
Polycarpeae.  Solitary  crystals  of  oxalate  of  lime  probably  only  occur  in 
exceptional  cases  (axis  of  Polycarpaea  filifolia^  Webb).  Clothing  hairs  of  a  type 
not  previously  mentioned  are  branched  sympodial  trichomes  with  a  varying 
number  of  rays  (species  of  Cerastium,  Polycarpaea^  Polycarpon  and  Stipulicida). 
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The  occurrence  of  secondary  zones  of  growth  has  also  been  recently  demon* 
strated  in  the  axis  of  numerous  species  of  Polycarpaea^  as  well  as  in  the  root 
of  certain  species  of  Cerdia^  Ortegia^  Polycarpon,  Pycnophyllum^  Spergula, 
Spergularia  and  StipuLicida, 

2.  Structure  of  the  Leaf.  A  not  uncommon  feature  in  the  Polycarpeae 
{Loeflingia,  Ortegia^  Polycarpaea^  Polycarpon)  is  the  presence  of  longituoinal 
rows  of  epidermal  cells  with  vesicular  papillose  protuberances ;  they  occur  on 
the  midribs  and  in  the  neighbourhood  of  the  margin  of  the  leaf.  Similar 
longitudinal  rows  of  papillae  are  found  on  the  epidermis  of  the  stem  in  species 
of  Loeflingia^  OrUgia^  Polycarpon  and  Stipulicida  (Josting).  Amongst  the 
representatives  of  the  Caxyophylleae  (especially  the  members  of  the  Poly- 
carpeae) investigated  by  Josting,  stomata  of  the  Caryophylleous  type  are  only 
present  in  Spergularia  and  Loeflingia^  but  not  in  Spergula  nor  m  numerous 
other  Polycarpeae  examined  in  addition  to  Loeflingia  (see  also  Ltiders,  loc.  cit.). 
Colobanthus  kerguelensis^  Hook,  f .  has  a  one-layered  hypoderm  above  the  lower 
epidermis  (Mardner).    On  the  occurrence  of  water-pores,  see  Spanjer,  loc.  dt. 

Neither  unicellular  clothing  hairs,  nor  even  unicellular  trichomes  of  any 
kind  occur  in  this  Order.  Jostmg's  statement  as  to  their  occurrence  in  Pdy- 
carpaea  is  certainly  incorrect  in  the  case  of  P.  Teneriffae^  Lam.,  and  probably 
also  P.  Candida^  Webb  et  Berth.  The  branched  multicellular  hairs  are  more 
or  less  distinctly  sympodial  in  structure  ;  they  have  the  form  of  a  candelabra 
or  stellate  hair  (Cerastium  fnollissimumy  Poir.,  Polycarpon  Loeflingiae,  Benth. 
et  Hook.),  or  one  with  two  or  more  arms  {Cerastium  dicrotrichum^  Fenzl,  and 
species  of  Polycarpaea^  including  P.  Teneriffae).  Trichomes  similar  to  those 
found  in  Polycarpaea  appear  to  be  present  also  in  Stipulicida,  according  to 
Liiders.  The  uniseriate  glandular  hau-s  with  a  unicellular  head  are  also  found 
in  Loeflingia,  Spergula  and  Spergularia  (on  the  inflorescence). 

3.  Structure  of  the  Axis.  The  structure  of  the  stem  has  recently  been 
investigated  in  the  Sileneae  and  Alsineae,  chiefly  by  W.  Meyer,  and  in  the 
Polycarpeae,  especially  by  Josting.  The  statements  of  the  earlier  authors 
have  in  some  cases  been  confirmed  by  these  researches,  in  other  cases  extended. 
With  reference  to  the  structure  and  position  of  the  mechanical  ring  and  its 
occasional  absence,  see  the  papers  cited. 

The  development  of  cork  in  Polycarpaea  also  takes  place  immediately 
on  the  inner  side  of  the  pericyclic  strengthening  ring. 

In  the  following  additional  cases  anomalous  zones  of  growth  have  been 
observed :  by  me,  m  the  axis  of  Polycarpaea  aristaia,  Chr.  Sm.,  P.  carnosa, 
Chr.  Sm.,  P.  filiforntis,  Webb,  P.  laiifolia,  Poir.,  P.  microphyUa,  Cav.,  and 
P.  Smithii,  Link  ;  by  Josting,  in  the  root  of  Ortegia  hispanica,  L.,  Polycarpaea 
Teneriffae,  Lam.,  Polycarpon  peploides,  DC,  Spergula  arvensis,  L.,  S.  Morisonii, 
Boreau  and  Spergularia  rubra,  Presl ;  by  Liiders,  in  the  root  of  unnamed 
species  of  Cerdia,  PycnophyUum  and  Stipulicida, 

The  development  of  the  secondary  zones  is  probably  *  in  all  cases  extra- 
fascicular. 

Literatnre :  Costantin,  Tiges  a^.  et  sout.,  Ann.  sc.  nat.,  s^r.  6,  t  xvi,  1883,  p.  80  et  seq. — 
[Damanti,  Nettarii  estranos.  della  Si/ene  /uscaUt,  Gioni.  Soc.  d*aoclimaz.  et  agr.  in  Sicilia,  1V85, 

I^t^n/)t    ,  ,.,.._       .     .,  ..         ,  ._ 

— [Clements,  Histog.  of  the  Caryophyllales,  I,  Transact.  Amer.  Microscop.  Soc.,  xx,  1899,  pp.  67- 
164  and  pi.  viii-xxT ;  see  also  Contribs.  from  the  hot.  Lab.,  Univ.  of  Nebraska.] — W.  Meyer,  Vergl. 
Anat.  d.  Caryophvll.  u.  Primnlaceen,  Diss.,  Gottingen,  1899,  74  £P' — ^*  ^cyer,  Einflnss  etc.,  Bot 
Centralbl.  1899,  ill.  p.  337  et  seq. — Kearny,  in  Contribs.  U.S.  Nat.  Herb.,  v,  5,  1900,  p.  30a. — ^Thomas, 
Fenilles  sout.  These,  Paris,  1900. — ^Pitard,  P^ricycle,  Th^,  Bordeaux,  T901,  p.  49. — Bonygnet, 


'  Concerning  Spergularia  see  also  Josting,  loc.  cit.,  pp.  166  and  180. 
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Petiole,  Thte,  Ftois,  190a,  p.  18.— Clanditz,  BUtttaiuit  canar.  Gew.,  Diss.,  Baid,  1903  {Silene),^ 
Jotting,  Anat  der  Speigiileen  etc.,  Beih.  bot  Centndbl.,  zii,  190a,  pp.  139-80  and  Tab.  iii-iv.~ 
Mardner,  Pliaii.-V^.  d.  Keignelen,  Dias.,  Basel,  190a  {Cohbanthus). — Amar,  Oxalate  de  caldun, 
etc.,  Compt.  rend.  PariB^czzxvi,  1903,  pp^ooi,  90a. — [Armari,  Piante  della  re^.  medit.,  Ann.  di 
bot,  i,  1903,  p^  17  et  seq.  (Z>£aif/>k<j).]— Theorin,  Vazttiichom.,  ArkiT  for  Bot.,  1, 1903,  p.  17a ;  see 
also  loc.  ciL,  lii,  n.  5,  1904,  p.  9,  and  W,  n.  18,  1905,  p.  6.— Fieidenlieldt,  Anat.  Ban  der  Wnn., 
BibL  bot,  H.  61, 1904,  pp.  38-^5.— Solereder,  P^lfcarpaea  fii^ormis^  BnlL  Heibier  Boissier,  1904, 
p.  435  et  seq. — SQssengnth,  Befiaamngsverh.  der  Wiirzb.  Muschelkalkpfln  Diss.,  Wiirzborg,  IQ04, 
p.  33. — Sarton,  Anat  d.  pi.  afiSnes,  Ann.  sc  nat,  s^.  9,  t  ii,  1905,  pp.  107-9  (•So^mmtni;. — 
Weberbaner,  V^^et  d.  ilochanden  Perns,  in  Engler,  bot  Jahrb.,  xzxvii,  1905,  p.  do  et  seq.— 
Danphin^,  RhisoSweB,  Ann.  sc  nat,  s6r.  9,  t  iii,  1^,  p^  355  et  seq. — Ldden,  Syst  Untersnch. 
iiber  die  Caryophyll.  mit  rinfachrm  Diagzamm,  IMss.,  £rlanffen,  1907,  pp.  33-38. — [Mahcn  et 


Combes,  Format  sab^ro-phellod.   anonn.,  Bull.   Soc   bot   de   France,  1907,  p.  430  et    seq 
{Gypsophiiayi 

PORTULACEAE  (pp.  111-113). 

The  genus  Lenxia  (with  L.  chamaepiiys^  Phil.)  is  placed  amongst  the 
Genera  incertae  sedis  in  Durand's  Index,  and  is  given  as  a  doubtful  member 
of  the  Amarantaceae  in  Engler  and  Prantl,  but  is  considered  by  Reiche.to 
belong  to  the  Portulaceae.  In  this  genus  the  structure  of  the  axis  is  normal. 
The  transverse  section  shows  a  number  of  isolated  vascular  bundles  arranged 
in  a  ring,  and  a  continuous  pericyclic  ring  of  mechanical  tissue.  The  leaves 
are  hard,  and  are  provided  vdth  a  membranous  margin.  On  the  lower  side 
they  have  a  hypoderm  composed  of  thickened  but  not  lignified  ceUs  elongated 
in  the  same  direction  as  the  leaf ;  on  either  side  of  the  leaf  this  hypoderm  projects 
beyond  the  assimilatory  tissue,  which  consists  of  rotmded  cells,  and  thus 
constitutes  the  membranous  margin  of  the  leaf.  The  assimilatory  tissue  is 
traversed  by  a  median  vascular  bundle.  Numerous  stomata  are  found  on  the 
upper  side  of  the  leaf. 

With  reference  to  the  hairy  covering  we  may  mention  Reiche's  statements 
regarding  Calanirinia.  The  papillae  on  the  multiseriate  shaggy  hairs  are  in 
some  cases  rather  strongly  developed,  so  that '  pili  plumosi '  result,  and  occa- 
sionally a  papillose  branch  terminates  in  a  glandular  head. 

Literature:  Retche,  Caltt$tdrinia^  Ber.  dentsch.  bot.  Gesellsch.,  1897,  p.  493  et  seq. — Gasparis, 
Tessato  asdmil.  del  genere  Poriulaca^  Rendiconti  Accad.  Sc.  fit.  e  mat  Napoli,  1901,  pp.  301,  303. 
^Holm,  CUgttoniay  Mem.  Nat  Acad,  of  Sc.,  Washin^on,  z,  1005,  pp.  37-37 ;  abstr.  in  Botl 
Centralbl.  loi,  p.  5.}— Reiche,  Syst.  SteUnng  yon  LenziOf  m  Engler  bot  Janrb^  zzxvi,  1905,  pp.  84, 
85.~[Holtermann,  Einflnss  d.  Klimas,  1907,  p.  87.] 

TAMARISCINEAE  (pp.  113-116). 

2.  Structure  of  the  Leaf.  In  the  first  place  we  may  add  that  in  the 
species  of  Tamarix  and  Myricaria  which  have  been  investigated,  the  stomata 
are  restricted  to  the  upper  side  of  the  leaf  (Vesque  and  Kohne). 

Regarding  Fouquiera  the  following  statements  may  be  added.  The 
structure  of  the  leaf  varies  from  bifacial  to  centric.  The  stomata  have  no 
subsidiary  cells.  Oxalate  of  lime  is  present,  and  is  deposited  in  the  form  of 
sohtary  aystals  in  the  cortex,  and  of  structures  resembling  sphaerites  in  the 
midrib  of  the  leaf.  Unicellular  clothing  hairs  have  likewise  been  observed. 
The  conversion  of  the  persistent  part  of  the  leaf  into  a  thorn  is  due  to  the 
presence  of  a  zone  of  sclerenchymatous  fibres ;  in  the  basal  portion  of  the 
petiole  this  zone  occupies  the  whole  of  the  space  between  the  lower  epidermis 
and  the  fibrovascular  system,  whilst  higher  up  in  the  petiole  it  gradually 
narrows  down  so  as  merely  to  form  a  subepidermal  group  of  cells  separated 
by  parenchymatous  groima-tissue  from  the  vascular  system,  as  seen  in  trans- 
verse section ;  finally,  the  fibrous  zone  terminates  in  a  point,  which  is  either 
located  in  the  petiole  or  most  frequently  in  tbe  lower  or  middle  part  of  the 
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midrib  of  the  leaf.  At  the  end  of  the  vegetative  period  the  remaining  parts 
of  the  petiole  and  lamina  become  detached  from  this  mass  of  sclerenchymatoos 
fibres,  which  then  constitutes  the  foliar  thorn  found  in  the  species  of  Fouquiera. 
The  fibrous  zone  may  be  regarded  as  a  continuation  of  the  layer  of  scleren- 
ch3rmatous  fibres  found  in  the  primary  cortex  (see  below). 

3.  Structure  of  the  Branch.  In  the  first  place  we  may  notice  the 
characteristic  structure  of  the  outer  zone  of  the  primary  cortex,  common 
to  all  the  species  of  Fouquiera.  This  zone  originates  by  secondary  division 
of  the  subepidermal  layer  of  cells  and  consists  either  entirely,  or  only  at  certain 
points  corresponding  to  the  leaves  situated  inunediately  above,  of  a  tissue 
composed  of  elongated  sclerosed  elements  with  narrow  lumina  and  varying  in 
the  extent  of  its  development  according  to  the  species.  In  older  axes  cork- 
formation  sets  in  on  the  inner  side  of  this  sclerenchymatous  zone,  the  cork 
consisting  of  cells  with  thin  walls  and  wide  lumina.  The  pericycle  contains 
isolated  groups  of  bast-fibres  only  in  certain  species  of  Fouquiera  {F.  spinosa^ 
Torr.  and  F.  columnaris^  Kell.).  According  to  Van  Tieghem,  secondary  hard 
bast  is  not  developed  in  Fouquiera,  It  still  remains  doubtful  whether  the 
'  horn-leaves '  (Homblatter)  found  in  older  stems  of  Fouquiera  splendens, 
Engelm,  and  investigated  in  detail  by  Schaer,  are  really  part  of  the  secondary 
cortex,  as  this  author  assumes,  or  belong  to  the  sclerenchymatous  tissue  above 
mentioned.  These  structures  contain  what  is  known  as  Ocotilla-wax,  and 
are  composed  of  peculiar  fibrous  cells,  glued  to  one  another  by  a  substance 
resembling  wax;  similar  substances  are  also  present  in  the  thick  cellulose- 
walls.  For  details  as  to  the  nature  of  the  pencycle  in  Tamarix  africana  and 
Myricaria  gennanica,  see  Pitard,  loc.  cit. ;  m  these  two  species  the  pericycle, 
even  in  branches  of  slight  thickness,  includes  a  composite  and  continuous 
sclerenchymatous  ring,  which  subsequently  gets  split  open. 

Literatiire:  Poinon,  lupines  de  VIdria  cdumnaris^  Boll.  Mas.  d*hift  nat.,  1,  1895,  PP-  ^7^«  379- 
— Schaer,  Fouquura  spUndens,  Archly  d.  Pharm.,  336,  1898,  pp.  1-8. — ^Kohne,  PapUleD,  Mittdl. 
dentach.  dendrolog.  Geiellich,,  1899,  p.  51. — Van  Ti^g^m,  Fooquieriao^et,  Jonrn.  de  bot.>  1899, 
pp.  395-301. — ^Petersen,  Vedanatomi,  1901,  pp.  43,  43  {Myricaria). — Pitard,  PMcyde,  Thte, 
Bordeaux,  1901,  pp.  73,  74. — ^Jonsson,  Anat«  Ban  d.  Wiiftenpfl.,  Lands  Univerk  Amkrift,  zzzviii, 
1903,  p.  39. — [Robinson,  Spines  of  Fauqui€ra^  Bnll.  Torrey  Bot.  Club,  xzzi,  1904,  pp.  45-50.] — 
Piccioli,  Legnami,  Boll.  Siena,  1906,  p.  139. — [Holtermann,  Elnfloss  d.  Klimas,  1907,  p.  93 
( Tamarix).] 

HYPERICINEAE  (pp.  117-120). 

1.  Anatomical  Features.  In  Endodestnia  the  cork  develops  in  a  sub- 
epidermal position,  so  that  superficial  cork-formation  aiso  occurs  in  this  Order. 
Tne  stellate  hairs  are  accompanied  by  simple  unicellular  or  uniseriate  trichomes 
with  thin  walls  and  wide  lumina.  PapiUose  differentiation  of  the  epidermis 
of  the  leaf  has  recently  been  observed  in  species  of  Cratoxylon,  Endodesmia^ 
Haronga,  and  Hypericum.  Hypoderm  has  been  recorded  in  the  leaf  in  species 
of  Haronga,  Hypericum  and  Psorospermum.  Interxylary  phloem  has  been 
met  with  in  the  wood  of  Endodesmia  calophyUoideSj  Benth. 

2.  Structure  of  the  Leaf.  Nearly  all  the  species  of  Hypericineae 
investigated  by  Kexel  and  Weill  *  have  bifacial  leaf -structure,  the  palisade-tissue 
in  most  cases  consisting  of  a  single  layer  of  cells.  Certain  species  of  Hypericum 
(H.  Coris,  L.,  H.  ericoides,  L.,  n.  procumbens)  have  rolled  leaves.  In  Hyperi- 
cum ericotdes  the  upper  epidermal  cells  bear  papillae  which  are  solid.  Papillose 
differentiation  of  the  lower  epidermis  is  found  in  H.  procumbens  (only  in  the 
furrows),  H.  Roeperianum,  Schimp.,  Haronga  madagascariensis,  Choisy,  Cra- 


^  Weill's  investigations  extend  to  all  the  genenu 
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toxylon  fclyanOmm^  Korth.»  and  I  have  myself  found  it  also  in  Endodesmia 
cahpkyUoides,  In  Hypericum  Richeriiy  Vill.»  on  the  other  hand,  only  isolated 
epidennal  cells  on  both  sides  of  the  leaf  are  produced  into  papillae.  I  find 
the  papillae  present  in  Haronga  maiagascariensis  to  be  particularly  charac- 
teristic; they  are  long»  finger-shaped,  and  rather  thick-walled  structures, 
which  are  frequently  dividea  by  transverse  walls  and  are  sometimes  fus^ 
with  one  another.  Hy^oderm  is  present  on  the  upper  side  of  the  leaf  in 
Haronga  madagascariensis,  Hypericum  nanum,  Vismia  dealbata^  H.  B.,  V.  ferru- 
gineaj  H.  B.,  K.  guianensis^  DC.,  V.  parviflara^  Cham,  and  V.  viridiflara^  Duch. ; 
on  the  lower  side  of  the  leaf  in  Hypericum  nanum  and  Psorospermum  fdjn- 
fugum^  Spach.  Weill  comes  to  the  conclusion  that  the  stomatal  types  found 
in  the  Hypericeae  on  the  one  hand,  and  in  the  Cratoxyleae  and  Vismieae  on 
the  other,  do  not  present  so  uniform  a  character  as  Vesque  maintains.  Weill's 
investigations  do  not  however  appe^  to  me  to  be  quite  reliable  from  this 
point  of  view,  since  in  Endodesmia  calopkylloides^  Haronga  madagascariensis 
and  Vismia  ferruginea  I  was  able  to  demonstrate  the  occurrence  of  the 
Rubiaceous  type,  which  is  contrary  to  Weill's  statements.  In  exceptional 
cases  (Hypericum  hyssopifolium^  L.)  stomata  also  occur  in  small  numbers  on 
the  in>per  side  of  the  leaf. 

in  his  description  of  the  secretory  cavities,  which  are  filled  with  brown 
contents,  Weill  again  disputes  their  schizogenous  origin,  and  states  that  they 
arise  from  a  group  of  secretory  cells,  in  much  the  separating  walls  can  ulti- 
mately no  longer  be  demonstrated. 

The  hairy  coveiiog  invariably  consists  of  clothing  hairs  with  thin  walls. 
The  hairs  found  in  the  species  of  Hypericum  are  uniceUular  or  uniseriate,  and 
in  the  latter  case  consist  of  from  two  to  many  cells,  which  vary  in  length  and 
shape — sometimes  even  in  the  same  trichome.  I  have  examined  the  stellate 
or  tufted  hairs  found  in  Vismia  (also  V.  ferruginea^  H.  B.)  and  Haronga ; 
they  have  numerous  short  ray-cells  with  thin  waUs  and  wide  lumina,  the  rays 
being  inserted  at  different  levels.  Weill's  statement  as  to  the  occurrence  of 
stellate  hairs  with  a  star-shaped  terminal  cell  in  Vismia  lauriformis^  Choisy, 
V.  ferruginea^  H.  B.  and  Psorospermum  febrifugum,  Spach,  as  well  as  the 
corresponding  figures,  are  incorrect  as  far  as  7.  ferruginea  is  concerned,  and 
the  remaining  cases  require  reinvestigation.  In  Psorospermum  senegalense, 
Spach  \  the  same  author  records  only  simpler  uniseriate  hairs  with  cells  of 
unequal  length. 

3.  Structure  of  the  Axis.  The  wood  of  Endodesmia  calophyUoides  con- 
tains exceptionally  numerous  islands  of  soft  bast,  the  innermost  being  found 
in  the  immediate  neighbourhood  of  the  pith,  which  has  a  four-rayed  outline 
in  transverse  section  ;  I  am  able  to  confirm  this  statement  on  the  basis  of  an 
investigation  of  material  of  this  species  collected  by  Zenker.  The  outer 
(normsd)  soft  bast  is  reduced  in  this  case.  The  mode  of  origin  of  the  interxylary 
phloem  yet  remains  to  be  determined.  The  wood  of  Enaodesmia  exhibits  the 
following  structural  features :  (a)  the  medullary  rays  are  narrow ;  (b)  the  vessels 
are  isolated  and  some  of  them  are  of  large  size,  the  lumina  invariably  being 
rounded ;  they  have  simple  perforations,  and  the  walls  bear  relatively  large 
simple  pits  as  weU  as  bordered  pits  in  contact  with  parenchyma  of  the  medullary 
rays  ;  (c)  the  wood-prosench^a  is  covered  with  small,  but  distinct  bordered 
pits. 

The  pericycle  in  Vismia  also  contains  a  ring  or  isolated  groups  of  bast-fibres. 
According  to  my  own  investigation  Endodesmia  possesses  a  composite  and 


'  I  did  not  observe  any  capiute  hmin  ('poilf  capita  k  la  face  in£§rieiite')  in  Endodesmia, 
although  I  met  with  papiUose  protrusion  of  the  lower  epidermal  cells  (see  above). 
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continuoos  ring  of  sclerenchyma  in  the  pericycle.  In  Craioxylon  polyanikum, 
according  to  Stepowski,  a  zone  of  bast-fibres  is  situated  immediatel]^  beneath 
the  epidermis  of  the  stem,  and  on  the  inner  side  of  this  zone  there  is  a  Ismr 
of  stone-cellSy  the  inner  tangential  waUs  of  which  are  thickened.  The  mst 
cork  in  Endodesmia  is  developed  in  the  subepidermal  layer  of  cells  and  not  in 
the  pericycle,  as  was  previously  stated  ;  in  Psarospermnm.  febrifugum,  on  the 
other  hand,  it  ariises  in  the  pericyclic  parenchyma.  The  cells  of  the  cork  in 
Endodesmia  exhibit  a  U-shaped  thickening,  involving  the  outer  tangential 
and  the  radial  walls.  In  Psorospermum  febrifugum  the  cork  consists  ot  alter- 
nating layers  of  unsuberized  cells  and  of  uniformly  sclerosed  cells,  which, 
however,  have  fairly  wide  lumina;  the  former  are  elongated  in  the  radial 
direction,  and  are  occasionally  subdivided  by  a  tangential  wall.  The  periderm 
in  the  root  of  Hypericum  Przewalskii^  Maxim,  shows  a  similar  structure. 
Prior  to  this  J.  £.  Weiss  had  abready  described  the  occurrence  of  unsuberized 
cells  (phelloid  cells)  in  species  of  Hypericum. 

^  iFov  the  distribution  of  the  secretory  organs,  which  WeiU  classifies  as  '  canaux  ' 
(m  tlie  pericycle  and  bast,  sometimes  also  in  the  pith),  '  poches  fasiformes  '  (in  the 
primary  cortex,  rarely  in  the  pith),  and  *  poches  sphtoques  ou  ovoTdes '  (in  the 
mesophyll),  and  for  the  branching  of  the  medullary  secretory  canals,  see  Weill's 
paper  cited  below. 

titeratnre :  Jodin,  Org.  s^cr^t,  Th^,  MontpeUier,  1888,  p.  65  et  seq.— J.  £.  Weiss,  Korkbild. 
Denkschr.  hot  Gesellsch.  RegensboiXy  vi,  18^,  p.  ai.— [Togntni,  Stomi,  Atti  1st.  hot.  PaYia,  1894.] 
— Kezd,  Anat  d.  Lanbbl.  u.  Stengel  d.  Hyperic.  n.  Cratozyleae  etc.  Diss.,  ErUmgen,  1896,  pp.  1-36 
and  Tab.— Meeban,  Pellndd  dots,  Proceed.  Acad.  Philadelphia,  1897,  ii,  pp.  181-3.— Petersen, 


Keen.  Hist,  snr  U  tarn.  d.  Hyperic,  ihese,  i'ans,  1903,  189  pp.— Weill,  Repart  d.  app.  secret,  dans 
VBypericumcalycmum,  Toum.  de  bot,  1903,  pp.  56-62  .--Sussengnth,  BehaamngSYerti.  der  Wilrsb. 
Mnschelkalkpfl.,  Diss.,  Wiirsbnig,  1904,  p.  33. — Sarton,  Anat.  d.  pi.  affines,  Ann.  sc  nat,  s^.  9,. 
t.  ii,  1905,  pp.  97,  98  {ifypericum), — Stepow&i,  V^.  Org.  d.  Borseiaceae  etc,  Diss.,  Bern,  1905, 
pp.  106-9  {Crataxylon), — [Moll  and  Janssonins,  Mikrographie  d.  Hobes,  Heft  i,  Leiden,  1906, 
pp.  339-49  {Craiaxylimyi 

GUTTIFERAE  (pp.  120-126). 

3.  Structure  of  the  Axis.  In  Mesua  ferrea,  L.  the  primary  cortex 
contains  a  ring  of  stone-cells,  which  is  only  separated  from  the  epidermis  by 
a  single  layer  of  cells  (Stepowski).  The  pericycle  in  Mammea  americana 
and  Rheedia  UUerifolia  contains  a  composite  and  continuous  ring  of  scleren- 
chyma, which  includes  U-shaped  stone-cells  (Pitard).  In  CalofhyUum  Ino- 
phyUum^  L.  the  bordered  pits  on  the  vessels  have  a  sieve-like  structure 
(Ursprun^),  whilst  connecting  bands  of  wood-parenchyma  are  found  also  in 
Symphanta  gabonensis^  Pierre  and  Pentadesma  buiyracea^  Don  (Lecomte). 
Tlie  fruiting  axes  of  Tovomita  guianensis  show  polysteUc  structure. 

Literature :  Leblois,  Thylles  d.  can.  sto^t.,  Ball.  Soc  bot  de  France,  1887,  p.  186.— Jadin, 
Org.  s^cr^t,  Th^,  Montpellier,  1888,  p.  56  et  seq.— Jonsson,  Anat  Ban  d.  Bl.,  Acta  Univ.  Lund,, 
xxxii,  a,  1896. — Urspmng,  Anat  u.  Jahresbild.  trop.  Holzarten,  Diss.,  Basel,  1900,  pp.  8-10 
(Ca/cpkylium  Ifuffyl/um),^¥iXaxd,  P^cycle,  Th^,  Bordeaux,  1901.  p.  66.— Baigagli-Petrucd, 
Legnaml,  Malpighia,  190a,  p.  336  et  seq.  {Cahphyllum^  Garcinia),^V\\MxA.y  PolysKlie,  Act.  Soc 
Linn;  de  Paris,  s^r.  6,  t  vli,  1903,  p.  Ixviii. — [Lecomte,  Quelqnes  bois  du  Congo,  Bull.  Mas. 
d'hist.  nat,  1903,  p.  80;  according  to  Bot  Centralbl,.  xdi,  p.  407.]— Areschong,  Trop.  vaxt. 
bladbyggn.,  Sv.  Vet  Akad.  Handl.,  39,  n.  a,  15^05,  pp.  18-31,  Tab.  i,  ii,  Tiii,  ix  \Garctnia\ — 
Stepowski,  Veg.  Org.  d.  Burseraoeae,  Dipterocarpeae  n.  Guttiferae,  Diss.,  Bon,  1905,  pp.  97-133  *. 
— [For  additional  literature,  see  p.  1170.J 


'  The  Cratoxyilon  polyanthum^  mentioned  by  Stepowski  in  this  P&pcr,  diverges  from  the  remain* 
ing  Guttifeiae  in  its  anatomical  structure,  and  is  a  member  of  the  Hypeiicineae.  The  three-layered 
epidermis  mentioned  by  the  same  author  as  occurring  in  the  stem  of  Clusia  Criuva,  Camb.  is 
probably  of  the  nature  of  cork. 
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TERNSTROEMIACEAE  (pp.  127-136). 

1.  The  following  Anatomical  Features  have  been  newly  recorded  i-^ 
uniseriate,  multicdlular  clothing  hairs  and  glandular  hairs  in  the  genus  AcU^ 
nidia  ;  tufted  hairs  with  unicellular  rays  in  Gardonia  Lasianthus  and  Lacaikea 
pubesc&ns ;  and  the  occurrence  of  oxalate  of  lime  in  the  epidermis  of  the  leaf 
in  species  of  Temstroemia.  To  the  list  of  genera  possessing  sclerenchymatous 
idioblasts  in  the  mesophyll  the  following  should  be  added :  CamdUa  (incl. 
Tkea)  and  Eurya^  which  were  omitted  by  mistake,  and  are  considered  under 
the  structure  of  the  leaf ;  further,  the  f;enera  Lacathea^  Nabiasodendron,  and 
Ruyschia,  and,  if  I  understand  Pitard  rightly,  also  Adinandra^  Pyrenaria  and 
Tremanthera. 

2.  Structure  of  the  Leaf.  The  anatomy  of  the  leaf  in  the  species  of 
Tkea  has  recently  been  investigated  by  Kochs  ^  According  to  him  the 
characteristic  features  of  the  genus  are  the  bifacial  structure  of  the  leaf,  the 
absolute  restriction  of  the  stomata  with  their  3-4  narrow  neighbouring  cdls 
to  the  lower  leaf-surface,  and  the  sclerenchymatous  idioblasts  found  m  the 
mesophyll.  For  the  {>urposes  of  specific  distinction  the  varying  size,  shape 
and  contents  of  the  epidermal  cells  are  more  particularly  made  use  of. 

The  occurrence  of  sclerenchymatous  idioblasts  in  the  mesophyll  has 
recently  been  recorded  by  A.  Richter,  Francken,  Paoli,  Pitard  and  myself 
in  the  following  additional  species  :  CameUia  Sasanqua,  Thunb.,  Lacaikea 
fnAescens  (here  extending  from  one  epidermis  to  the  other),  Marcgravia  recH- 
fiora^  Tr.  et  Fl.',  M.  Sintenisiiy  Urb.  and  M.  umbellatay  L.  (asterosclereids), 
Nabiasodendron  ('scl^rites  noduleux'),  Ruyschia  dusiaefolia,  Jacq.  (astero- 
sclereids), Temstroemia  Toquian,  Vill.  (internal  hairs) ;  regarding  the  species 
of  Thea^  see  also  Kochs,  loc.  cit. 

The  diverse  anatomical  structure  presented  by  the  dimorphic  leaves  of  the 
Maxcgravieae  has  been  reinvestigated  by  A.  Richter  and  PaoU  with  reference  to 
Juel's  work.  According  to  A.  Richter,  the  most  essential  features  of  the  leaves  on 
the  orthotropic  shoots  of  Marcgravia  umbdlata  as  compared  with  those  on  the 
plagiotropic  shoots  are  the  presence  of  hypoderm  on  the  upper  side  of  the  leaf 
and  of  numerous  branched  idioblasts  in  the  spongy  tissue,  the  smaller  number 
of  stomata  on  the  upper  and  the  larger  number  on  the  lower  side,  the  different 
structure  of  the  guard  cells,  the  somewhat  stronger  development  of  the  palisade 
tissue,  and  the  smaller,  though  more  numerous  chloroplasts  in  the  palisade 
parenchyma.  Paoli  describes  the  following  characters  as  distinctive  of  the  leaves 
on  the  fertile  shoots  as  compared  with  those  on  the  sterile  shoots :  reUktively  small 
epidermal  cells  on  both  sides  of  the  leaf,  a  hypoderm  on  the  upper  side,  a  i»lisade 
of  elongated  cells,  and  numerous  sclerenchymatous  idioblasts  in  tiie  spongy  tissue. 

In  the  ^enus  Siachyurus,  which  systematists  in  recent  times  have  regarded 
as  constitutmg  a  separate  Order  (Stachyuraceae),  oxalate  of  lime  is  excreted 
in  the  form  of  clustered  crjrstals  (in  the  primary  cortex  and  medullary  rays 
of  the  bast  of  the  branch)  (Van  Tieghem).  I  have  m3^elf  noticed  small  ceUs 
filled  with  clustered  crystals  and  placed  singly  or  in  pairs  in  the  lower  epidermis 
of  the  leaf  in  Temstroemia  Toquian^  Vill. ;  these  cells  often  give  the  appearance 


'  Unfortmiateljr  Kochs'  statements  are  not  sufficiently  explicit.  To  ensure  V^E^  compiehension 
of  his  meaning,  it  is  necessary  to  reinvestigate  the  material  he  examined.  Thus  he  speaks  of 
'  epidermal  oelb  lying  partly  side  by  side  and  partly  one  above  the  other'  (-^a  locally  two-layered 
epidetmisV  or  of '  iswated,  lelatiyely  large  cells,  probably  containing  air  (!)  and  frequently  penetrat- 
ing sl^tly  into  the  tissue  of  the  leaf'  (perhaps  mucilaginous  raidemal  cells),  and  so  on. 

^  *  tlie  small  septate  tubes  which  are  described  and  figured  bv  A.  Richter  in  the  mesophyll  of 
this  species,  and  which  branch  like  the  threads  of  a  mycelium,  are  almost  doubtless  myoelial  fila- 
ments ;  they  are  not  mentioned  by  Paoli. 
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of  the  clustered  crjrstab  being  merely  embedded  in  the  common  wall  of  contact 
between  the  crystal-idioblasts  and  the  adjoining  epidennal  cells.  In  another 
undetermined  species  of  Temstroemia^  collect^  by  Loher,  I  found  solitary 
crystals  in  certain  of  the  upper  epidermal  cells,  which  scarcely  differed 
from  the  others.  According  to  Dunac,  styloids  occur  also  in  Adinidia  (A. 
chinensis). 

In  amplification  of  the  previous  statements  about  the  hairy  covering  we 
may  first  notice  that,  according  to  Dunac,  the  genus  Actinidia  possesses  the 
following  types  of  hairs  in  addition  to  unicellular  clothing  hairs :  uniseriate 
trichomes;  shaggy  hairs  (A.  Kolomida,  A.  pdygama,  A.  tufa,  A.  strigosa, 
A.  tetramera) ;  stellate  hairs  {A.  Champiimi  and  A.  chinensis) ;  and  also  short 
glandular  hairs  (^4.  Kolomicta).  The  tufted  hairs  mentioned  by  Pitard 
(treatise  II)  as  occurring  in  Gordonia  Lasianihus  and  Lacaihea  ptsbescens  are, 
according  to  my  own  investigation,  of  the  first  of  these  species,  composed  of 
2*4  ray-cells,  arranged  like  a  fan. 

According  to  Kochs,  most  species  of  Thea  exhibit  a  tendency  to  form 
cork-warts  on  the  lower  surface  of  the  leaf.  Extra-floral  nectaries  are  found, 
for  example,  in  Marcgravia  redi/hra^  where  they  occur  in  scattered  arrange- 
ment on  the  lower  side  of  the  leaf,  being  15  in  number  and  *5-i  mm.  in 
diameter  ;  in  M.  umbeUata^  on  the  other  hand,  they  are  present  to  the  number 
of  four  or  five  at  the  base  of  the  leaf  (PaoU).  In  the  latter  species  they  consti- 
tute small  pit-like  depressions,  the  epidermis  of  which  is  differentiated  as 
an  epithelium. 

Detailed  statements  as  to  the  structure  of  the  petiole  are  made  by 
Pitard  (II),  although  his  observations  only  extend  to  members  of  the  Trib^ 
Gordonieae  and  Temstroemieae,  or  in  other  words  to  Pitard's  two  groups, 
Temstroemides  and  Th^6^  *.  In  these  groups  the  base  of  the  petiole  usually 
contains  a  single  vascular  bundle,  which  is  often  very  much  reduced,  and  in 
transverse  section  has  the  shape  of  a  U  or  a  widely  open  semilunar  form. 
Inrolling  of  the  margins  of  the  furrow  formed  by  the  vascular  bundle  only 
occurs  in  Freziera.  In  a  few  cases  (F.  reticulata)  the  vascular  system  is  divided 
into  three  bundles.  According  to  Van  Tieghem,  three  vascular  bundles  enter 
the  leaf  in  Stachyurus,  these  bundles  being  distinct  from  one  another  in  their 
course  through  the  petiole. 

3.  Structure  of  the  Axis.  In  all  the  members  of  the  Order  investi- 
gated by  Pitard  the  wood  contains  isolated  vessels  with  narrow  lumina  and 
numerous  very  delicate  meduUary  rays. 

In  Pitard's  sub-tribes  Temstroemieae,  Adinandreae  and  Schimeae,  the 
development  of  the  cork  takes  place  in  the  subepidermal  layer  of  cells,  whilst 
in  the  Haemocharideae  and  Camellieae  the  cork  arises  in  the  pericycle.  In 
Stachyurus  *,  according  to  Van  Tieghem,  the  phellogen  appears  in  the  epidermis. 
In  the  Camellieae  the  primary  cortex  is  cast  off  at  an  early  stage  as  a  result 
of  cork-development,  whilst  m  the  Haemocharideae  it  remains  on  the  branch 
for  a  long  time. 

In  the  Temstroemieae  sens.  str.  and  Schimeae,  as  well  as  in  the  Theeae, 
the  primary  cortex  contains  abundantly  branched  sclerenchymatous  idioblasts 
with  long  and  pointed  arms ;   in  the  Adinandreae,  on  the  other  h&nd,  the 


'  For  the  sake  of  brevity  at  this  point  and  in  my  sabsequent  synopsis  of  Pitard's  (u)  investi^- 
tions  on  the  stnictnre  of  the  axis,  I  here  append  the  system  of  classification  established  by  him,  in  which 
anatomical  charactexs  are  taken  into  consideration:  I,  Temstroemieae:  i,  Temstroemieae  sens, 
strict:  Tems/tvemia,  AnnesUa\  3,  Adinandreae:  Adinandra,  Visnea,  deyera,  Eurya^  Fmiira^ 
Trttfumthera;  3,  Sdiimeae :  SMma,  Lacatkea^  Gordonia,  11,  Theeae:  i,  Haemocharideae: 
NatiasodendroH,  Haemocharis^  Fyrenaria ;  a,  Camellieae  :  CamiUia^  Thea^  Stewariia. 

*  In  the  root  of  Stachyurus  the  development  of  the  cork  takes  place  in  the  pericycle. 
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idioblasts  in  the  primary  cortex  have  a  more  rounded  shape,  and  only  exhibit 
short  and  blunt  branches.  In  all  the  species  investigatea  by  Pitard  (II),  the 
pericycle  of  branches,  which  have  attained  a  thickness  of  5  mm.,  is  composed 
of  sclerosed  cells  as  well  as  of  unlignified  cells*with  thin  walls.  In  the  Adinan- 
dreae  a  composite  and  continuous  ring  of  sclerenchyma  is  subsequently 
developed  ;  if  I  understand  Pitard  (in  treatise  I)  rightly,  a  similar  ring  appears 
in  the  species  there  enumerated  by  him  and  b^onging  to  Caraipa^  Eufya, 
HapiocUUhra,  Kidmeyera^  Mahurea^  Marcgravia^  Marua,  NaratUea,  Penta- 
phylax^  Ruyschia^  Sckima^  and  Saurauja  pro  parte,  whilst  isolated  groups  of 
bast-fibres  are  stated  to  occur  in  species  of  Anthodiscus,  Caryocar^  Saurauja 
(pro  parte)  and  Ternstroemia.  In  Caraipa^  Haploclaihra,  Kidmeyera  and 
Matikif  according  to  Pitard  (I),  the  sclerenchjmia-ring  includes  stone-cells 
exhibiting  U-shaped  thickening. 

In  the  Temstroemieae  sens.  str.  and  Haemocharideae  the  secondary  bast 
contains  short  fibrous  sclerites,  provided  with  short  branches  (*  scl6rites  fibri- 
formes  noduleux '),  while  in  the  Adinandreae  and  Schimeae  there  are  numerous 
long  bast-fibres,  which  are  only  wanting  in  Eurya. 

The  pith  is  stated  by  Pitard  to  be  in  general  homogeneous,  while  in  the 
Camellieae  it  is  very  heterogeneous. 

It  remains  to  mention  the  polystelic  differentiation  of  the  vascular  system 
in  the  fruit-stalks  of  Schima  Noronhae  (Pitard),  in  which  the  normal  nng  of 
vascular  bimdles  is  surrounded  by  rather  numerous  small  steles. 

Strasburgeria* 

This  genu8»  which  will  best  be  discussed  at  this  point,  is  included  amongst 
the  Tenistroemiaceae  in  Durand's  Index,  being  referrea  to  the  Tribe  Gordonieae ; 
in  the  supplement  to  the  Naturl.  Pflanzenfamilien  it  is  appended  to  the  Ochnaceae 
with  a  query ;  and  recently  it  has  been  regarded  as  the  type  of  a  separate  Order 
<Strasburgeriaceae)  by  Van  Tieghem.  Anatomically  its  most  noteworthy  features 
are  the  presence  of  mucilage-cells  in  the  ground-tissue  and  the  occurrence  of  cortical 
vascular  bundles. 

Regarding  the  structure  of  the  branch,  or  rather  of  the  cortex,  the  following 
statements  may  be  made.  The  mucilage-cells  lie  singly  or  in  groups  in  the  outer 
portion  of  the  primary  cortex,  and  are  also  distinguished  from  the  surrounding 
cells  by  their  larger  lumina.  The  cork  develops  in  tne  sub^idermal  layer  of  cells. 
The  pericycle  at  first  contains  small  isolated  bundles  of  bast-nbres,  but  subsequently 
a  composite  and  continuous  ring  of  sclerenchyma  is  formed.  The  secondary  bast 
includes  neither  bast-fibres  nor  stone-cells.  Crystals  of  oxalate  of  lime  occur  in 
the  pith,  but  there  are  no  mucilage-cells. 

The  petiole  contains  three  isolated  vascular  bundles  and  a  number  of  smaller 
bundles  as  welL    Mucilage-cells  are  found  in  the  petiolar  parenchyma. 

The  lamina  of  the  leaf  presents  the  following  structural  features.  The 
epidermis  consists  of  large  cells.  Certain  of  the  upper  epidermal  cells  contain 
Bphaiferocrystalline  masses  of  unknown  chemical  composition  (not  oxalate  of  lime). 
Beneath  the  upper  epidermis  there  is  a  one-layered  hypoderm,  the  mucilaginous 
cdls  of  which  penetrate  into  the  single  layer  of  palisade-tissue.  The  stomata  are 
found  only  on  the  lower  side  of  the  leaf,  and  are  not  accompanied  by  any  special 
subsidiary  cells.  The  structure  of  the  leaf  is  bifacial.  The  spongy  tissue  contains 
mucilage-cells. 

Literature:  Pierre,  Flore  forest  de  la  Cochlnchine,  ix,  1888  {Arekytaia),^Yjt\itr,  Lnftwuzeln, 
Diss.,  Heidelberg,  1889,  pp.  i8-a3.— Wijnaendts  Francken,  Sdereiden,  Diss.,  Utrecht,  1890, 
pp.  40-5. — [Cayara,  Idloblasti  delle  Camellie,  Atti  R.  Istit  hot.  Pavia,  ser.  a,  vol.  iT,  1895,  p.  37 ; 
according  to  Bot.  Centralbl.  Beih.,  ▼,  p.  4a3.]^Tschirch-Oesterle,  Atlas,  1895,  p.  9  and  Tab.  iii.— 
Dnnac,  Actinidia,  Compt  rend.,  Paris,  cxxviii,  1899,  pp.  i598-i6oi.~A.  Richter,  Adatok  a 
BlarqpraTiaoeae  etc.,  Term^ssetrajzi  Fiisetek,  1899,  pp.  a 7-87,  and  Tab.  ii*y.— Van  Ti^hem, 
Actinidie  et  Sanrayie,  Ann.  sc  nat,  wtt.  8,  t  x,  1899,  pp.  137-40;  also  in  Jonm.  de  bot,  1899, 
pp.  170-3.— Kocbs,  Tkio^  in  Engler,  bot  Jahrb.,  xxYii,  1900,  p.  606  et  seq.  (also  Diss.,  Erlaaees, 
^3  PP*f  especially  p.  34  et  seq.). — Van  Tieghem,  Stachywacto  etc.,  Joum.  de  bot.,  1900,  pp.  i-o. — 
Pitard  (i),  P^ncyde,  Th^,  Bordeaux,   1901,  pp.  60-a  and  90.— Bargagli-Petmod,  Legnami, 
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Malpig^ia,  190a, jx  ii^{Archytaia), — ^Bonygnes,  Petiole,  These,  Paris,  iqo3»  p.  16. — CUuditc, 
Blattwat.  canar.  Gew.,  Dus.,  Basel,  190a,  pp.  37,  a8  ( FfJiMa)^— PiUrd  (it),  Poiyst^lie,  Act.  Soc. 
linn.  Bordeaux,  s^.  6,  t.  tU,  190a,  C.  R.,  p.  Ixriii ;  Rapp.  et  classificat  des  Temstroemiac,  loc 
city  p.  1  et  seq. ;  NabiasotUttdron,  loc.  dt.,.pb  W ;  Visnsa  etc.,  loc  cit,  p.  Iziz ;  and  Caiact.  anat. 
g^n.  des  Temstroemiac,  loc.  dt.,  pp.  b&i-lxxiT.— Ponlscn,  Bladkirtl.  hos  Mtuxgrmna  nmbellata, 
Vidensk.  Meddelels.  KjfibeiihaTn,  i^a,  pp.  344-6.— Van  Tieghem,  StTasbiiigi6ne,  Journ.  de  bot» 
1903,  pp.  199,  300. — ^Paoli,  Etexofillia,  Naov.  Giom.  hot  Ital.,  xi,  1904,  pp.  3 10-16,  and  Tab.  ii< — 
Areschoag,  Trop.  yazt  bladbyggn.,  Sv.  VeL  Akad.  Handl.,  20,  n.  a,  1905,  pp.  31,  3a  {Tkea).^ 
Picdoli,  Legnami,  Boll  Siena,  1906,  p.  149.— [For  additional  Ifteratnre,  see  p.  117a.] 


DIPTEROCARPEAE  (pp.  136-145). 

1.  Anatomical  Features.  Extrafloral  nectaries  occur  in  Skorea.  Large 
crystal-idioblasts,  the  inner  walls  of  which  are  mucilaginous  or  merely  thick- 
ened, are  found  in  the  mesophyll  in  certain  species  of  Dootia  and  Hopea.  Silica- 
bodies  are  present  in  the  parenchymatous  tissues  of  the  wood  (according  to 
Bargagli-Petrucci)  in  species  of  Dryobalanops  and  Cotylehbium. 

2.  Structure  of  the  Leaf.  Epidermal  cells  showing  palisade-like 
elongation,  stomata  with  two  subsidiary  cells  placed  parallel  to  the  pore,  and 
glandular  hairs  with  a  multicellular  peltate  head  are  found  also  in  Vateria 
SeycheUamm  (Fabricius).  GuAin  records  gelatinization  of  cells  of  the  upper 
epidermis  in  further  species  of  Di^terocarpus^  and  also  in  certain  species  of 
Balanocarpus^  Doona,  nopea  and  Skorea.  The  crystal-idioblasts  observed  by 
the  same  author  in  the  mesophyll  of  Doona  nervosa^  Thw.,  Z).  zeylanica^  Thw., 
and  Hopea  cernua^  Teijsm.  et  Binn.,  deserve  special  mention  ;  these  elements, 
which  are  situated  immediately  below  the  upper  epidermis,  have  mucilaginous 
inner  membranes  and  contain  a  solitarv  crystad.  Similar  crystal-cdus  are 
found  also  in  other  species  of  Hopea  {H.  dryobalanoideSf  Miq.,  H.  jticunda^ 
Thw.,  H.  Mengarawatiy  Miq.,  H.  nigra^  Burck,  H,  Pierrei^  Hance),  but  in  these 
cases  the  thickened  inner  walls  do  not  swell  up  in  water  {'  mucilage  fortement 
condens^/  according  to  Gu6rin) ;  the  cells,  moreover,  are  conunonly  placed 
several  side  by  side  and  occur  also  next  to  the  lower  epidermis.  Fmally, 
according  to  Gu6rin,  in  certain  species  of  Balanocar^buSy  Dipterocarpus^  Doona^ 
Hopea  and  Skorea,  the  ground-tissue  of  the  petiole,  and  in  some  cases  also 
that  of  the  midrib  and  lateral  veins,  contains  cells  with  mucilaginous  mem- 
branes or  whole  rows  of  such  cells  (cf .  under  structure  of  the  axis). 

The  extrafloral  nectaries  situated  on  the  lower  side  of  the  stipules  and 
on  the  upper  side  of  the  foliage  leaves  in  Skorea  stenoptera,  Burck,  are  disc- 
shaped structures,  consisting  of  two  layers  of  cells  derived  from  the  epidermis, 
viz.  of  an  upper  secretory  layer  composed  of  long  prismatic  cells  and  of  a  lower 
layer  of  suberized  cells,  which  are  quadratic  in  section.  The  domatia  found 
in  many  members  of  the  Order,  such  as  species  of  Balanocarpus,  Doona,  Hopea, 
Isoptera,  Pentacme  and  Skorea,  must  not  be  confused  with  the  extrafloral 
nectaries ;  these  domatia  appear  on  the  under  side  of  the  leaves  along  the 
midribs  and  in  the  axils  of  the  lateral  veins  of  the  first  order  (see  Gu£rin,  loc.  cit.). 

3.  Structure  of  the  Axis.  Gu6rin  has  recently  investigated  the  distri- 
bution of  the  mucilaginous  cells  in  the  axis  in  certain  species  of  Balanocarpus^ 
Dipterocarpus,  Doona  and  Skorea.  They  are  found  chiefly  in  the  primary 
cortex,  more  rarely  also  in  the  pith.  In  Doona  Gu^in  only  met  with  a  sm£ul' 
quantity  of  mucilage  in  the  primary  cortex ;  this  is  contrary  to  Brandis's 
statements. 

The  course  of  development  of  the  interxylary  resin-canals  has  formed  the- 
subject  of  investigations  undertaken  by  Guerin  on  Dipterocarpus.  According 
to  this  authority  the  origin  is  schizogenous,  the  canals  arising  between  four 
cells  of  the  cambium.    In  this  respect,  as  well  as  in  the  occurrence  of  occasional 
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anastomoses,  these  resin-canals  resemble  those  of  the  genera  Copaifera  and 
DanieUa  (Caesalpinieae).  Interxylary  resin-canals  have  been  recorded  by 
Gu^rin  and  Bargagli-Petrucci  also  in  species  of  Anisoptera^  Balanocarpus^ 
Cciyldobium^  Doana,  Tsoptera,  Manoparandra^  Packynocarjms^  Peniacme  and 
Valeria, 

Stepowski's  statement  (loc.  cit.,  p.  92  and  Fig.  47)  as  to  the  occurrence  of 
resin-canals  with  a  small  lumen  in  the  secondary  cortex  of  Vateria  indica^  L. 
remains  to  be  explained ;  for,  to  judge  by  the  structure  of  the  leaf,  which  is  described 
in  the  same  paper»  the  material  on  wjiich  the  investigation  was  undertaken  would 
appear  to  have  been  correctly  determined. 

Appendix:  i.  Ancistrocladus {pp.  143,  144). 

Van  Tieghem's  recent  investigations,  in  which  he  splits  up  Ancistrocladus 
into  three  genera,  Biganuaf  Ancistrocladus  and  Ancistrella^  necessitate  the  addition 
of  the  following  statements. 

All  parts  of  the  primary  cortex  of  the  branch  contain  relatively  large  secretory 
cells,  filled  with  hyaline  contents  and  provided  with  Ugnified  membranes ;  these 
secretory  elements  may  occur  either  isolated  or  in  groups,  in  A  ncistrella  Barteri,  V.  T. 
the  primarv  cortex  also  includes  a  few  isolated  fibrous  cells.  The  development  of 
the  cork  takes  place  on  the  inner  side  of  the  endodermis,  viz.  in  the  outermost  layer 
of  pericydic  cells.  The  pericycle  is  at  first  parenchymatous,  but  subsequently 
comes  to  contain  a  number  of  sclerenchymatous  elements,  which  in  some  cases 
unite  to  form  an  almost  continuous  ring ;  occasionally  these  elements  appear  in 
two  ffH-ms,  viz.  as  short  cells  with  a  tendency  to  stellate  difEerentiation  and  as 
fibrous  cells. 

In  Ancistrocladus  and  Bigamsa  the  leaf  exhibits  more  or  less  distinct  palisade 
tissue  on  its  upper  side,  and  veins  which  are  vertically  transcurrent  by  means  of 
sclerenchyma,  whilst  in  AncistreUa  Barteri  there  is  a  one-layered  hypoderm  on 
the  upper  side  with  a  subjacent  palisade  layer.  The  peltate  glands  previously 
described  by  me  constitute  a  feature  characteristic  of  all  the  Andstrodadeae ; 
these  glands  are  sunk  in  depressions  on  the  surface  of  the  leaf,  and  excrete  wax. 
The  stomata  are  invariably  situated  on  the  lower  side  of  the  leai,  and  are  not  pro- 
vided with  spedal  subsidiary  ceUs.  According  to  Van  Tieghem,  a  special  character 
of  the  fibrovascular  system  of  the  midrib  is  found  in  the  occurrence  of  a  pericychc 
zone  of  fibres  in  the  peripheral  portion  of  which,  in  the  lower  part  of  the  curve, 
5'i9  small  vascular  bundles  with  inverse  orientation  of  wood  and  bast  are  embedded. 
These  bundles  can  be  traced  to  a  varying  distance  along  the  midrib,  and  are  only 
absent  in  Biganua  hamata,  V.  T. 

Three  vascular  bundles  enter  the  leaf  and  at  once  unite  to  form  a  tube, 
which  in  Ancistrocladus  can  be  traced  along  the  whole  length  of  the  midrib.  In 
Bigamea  the  tube  opens  out  and  assumes  the  form  of  an  inverted  omega  (a) ; 
in  addition  to  that,  a  vascular  bundle  is  found  at  each  of  the  two  margins  of  the 
fibrovascular  arc,  these  bundles  having  their  bast  directed  upwards  and  their 
xylem  pointing  downwards.  In  AncistreUa  the  tube  remains  closed,  the  vascular 
system  on  the  upper  side  of  the  curve  exhibiting  inverse  orientation  (bast  below 
and  wood  above,  as  in  the  lower  portion  of  the  curve). 

2.  Lophira{p.  144) 

The  following  additional  details  regarding  the  structure  of  the  branch  are 
based  on  Van  'Heghem's  statements.  The  primary  cortex  includes  branched 
stone-ceUs  containing  crystals,  as  well  as  clustered  and  soUtary  crystals.  The 
number  of  cortical  vascular  bundles  is  24  or  more.  The  pericyclic  groups  of  hard 
bast  subsequently  unite  to  form  a  composite  and  continuous  ring  of  sclerench3rma, 
which  at  a  still  later  stage  again  becomes  spht  open.  The  development  of  cork 
takes  place  in  the  subepidermal  layer  of  ceUs.  The  bundles  of  medullary  fibres 
are  accompanied  by  chambered  crystal-fibres  containing  soUtary  crystals. 

According;  to  Van  Tieghem's  recent  investieations,  the  earUer  statement  (by 
Heim)  regardmg  the  occurrence  of  subsidiary  cdls  to  the  stomata  is  incorrect. 

The  large  number  (as  many  as  16)  of  radial  vascular  bundles,  partidpating  in 
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the  formatioii  of  the  fibrovascular  system  of  the  root*  deserves  mention ;   it  is 
exceptionally  large  for  a  Dicotyledonous  plant. 

3*  Afono^(p.  144). 

As  a  result  of  renewed  investigation  Gilg  again  includes  this  genus  amongst 
the  Dipterocarpeae,  though  in  the  absence  of  resin-canals  it  certainly  occupies  an 
anomalous  position  amongst  the  members  of  this  Order.  According  to  Gilg. 
however,  it  is  noteworthy  that  Welwitsch  describes  Monotes  as  '  frutex  resinosus/ 
so  that  the  question  arises  whether  excretion  of  resin  may  not  take  place  in  older 
parts  of  the  stem. 

Literatiuv:  Leblois,  Thylles  de  can.  s^ret.,  BuU.  Soc  bot  France,  1887,  p.  187.— Jadin,  Oig. 
s^cr^t.,  ThHe,  Montpellier,  1888,  p.  54  et  sea.— Pierre,  Flore  forest  de  la  Cochinchine,  xv,  1890 ; 
xvi,  1891 ;  and  zvii,  1893.— Brandb,  in  Sit£.-Ber.  Niederrhein.  Geaellsch.  Bonn,  1896,  pp.  6-^— 
Ponlscn,  Nektarier,  Vidensk.  Meddelelser,  Ki^bcnhavn,  1897,  pp.  368-7a— Gilg,  MotuUSyVi  Engler 
Bot.  Tahrb.,  xxviii,  1899,  p.  137  et  seq. — ^Fiedor,  Anat.  d.  Stammes  der  Dammarpfl.,  Osterreich. 
bot  Zeitschr.,  1900,  p.  74  et  seq.-~Pitaid,  ftricycle,  These,  Bordeanx,  1901,  pp.  40  and  104.^ 
Van  Tiegbem,  Lophira,  Joum.  de  bot.,  1901,  pp.  169-94,  especially  pp.  171-9.— Baigagli-Petmcd, 
Concrezioni  silicee,  Malpighia,  190a,  p.  33  et  seq. ;  and  Legnami,  loc.  cit,  p.  338  et  seq.  {Baiano- 
carpus^  Dipterocarpus,  DryabaUmops^  ffdpea,  SMorea^  ro^ma).— Fabridos,  Lanbblattanat,  Bdh. 
bot  Centralbl.,  xii,  1903,  pp.  308-10.— Van  Tieghem,  Andstrodad^  Joom.  de  bot.»  1903, 
pp.  151-^,  especially  pp.  155-65.— Areschong,  Tro|).  ▼axt  bladbyggn.,  St.  Vet  Akad.  HandL, 
39,  n.  3,  1905,  pp.  133,  134  and  Tab.  zvii. — Gn^rin,  Appareil  stodt  d.  Dipterocarp.,  Compt 
rend.  Paris,  cxl,  1905,  pp.  530-3 ;  and  Cananx  sto^t  du  bois  d.  Dipterocarp.,  loc  cit,  cxUi» 
1906,  pp.  J03-4.— Stepowski,  V^.-Org.  d.  Bnrseraoeae,  Dipterocarpeae,  etc..  Diss.,  Bern,  190^, 
pp.  53-05. — Gu^n,  Domaties  des  feuilles  des  Dipterocarp.,  BulL  Soc.  bot  France,  1906,  pp.  18&- 
93 ;  ana  Cellnles  k  mucilage  des  Dipterocarp.,  loc.  cit,  1906,  pp.  443-5 i.~[For  additional  litera- 
ture, see  p.  1 1 70.] 

CHLAENACEAE  (pp.  145,  146). 

The  pericycle  of  the  axis  contains  isolated  bundles  of  bast-fibres  also  in 
Schizolaena  elongata  and  Scleroolaena  Richardi ;  in  Sarcolaena  eriophora  and 
Rhodolaena  Humblotii  sclerosed  parenchyma  occurs  at  some  points  between 
the  groups  of  primary  bast-fibres  (Pitard  ^). 


MALVACEAE  (pp.  146-152). 

2.  Structure  of  the  Leaf.  Nestler  states  that  the  glandular  hairs  of 
the  Malvaceae  can  also  function  as  hydathodes,  that  short  multicellular 
glandular  trichomes  occur  in  species  of  AbtUilon,  Althaea^  Hibiscus^  Kitaibdia^ 
Lavatera^  Malope^  Malva^  Pcdava^  Plagianthus  and  Sidalcea,  while  hairs  with 
a  long  stalk  and  a  unicellular  head  are  recorded  in  AbtUilon  and  Kitaibdia 
vitifolia,  Willd. 

According  to  Terraciano,  extrafloral  nectaries  occur  also  in  species  of 
Adansonia,  Chorisia,  Ceiba  and  Pachira^  being  situated  on  the  lower  side  of 
the  midrib  of  the  leaf  and  on  the  dorsal  surface  of  the  petioles.  The  nectaries 
on  the  midrib  show  a  low  type  of  differentiation  and  vary  in  position,  number, 
and  shape.  The  petiolar  nectaries  constitute  one  or  more  longitudinal  furrows 
or  small  elliptical  pits  ;  in  the  former  case  they  are  sometimes  provided  with 
special  excretory  surfaces. 

These  nectaries,  like  those  of  Hibisctis^  &c.,  which  were  mentioned  in  the 
earlier  part  of  this  work,  all  possess  a  tissue  in  which  the  nectar  is  formed,  and 
numerous  multicellular  external  glands  serving  the  purpose  of  secretion ". 


1  Pitard,  Pericycle,  These,  Bordeaux,  I901.  pp.  103,  103. 

'  The  nectaries  on  the  calyx,  on  the  other  hand,  have  a  secretory  palisade-epidermis. 
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3.  Structure  of  the  Axis.  Bargagli-Petrucci  has  recently  investigated 
the  distribution  of  the  peculiar  structural  features  exhibited  by  the  medullary 
rays  of  the  xylem  in  the  Bombaceae,  which  I  was  the  first  to  observe.  He 
describes  the  occurrence  of  special  tiers  in  the  medullary  rays  in  further  species 
of  Boschia,  Durio  and  Neesia^  as  well  as  in  Codostegia  barneensis^  Becc,  and 
CuUenia  excdsa,  Wight,  both  of  which  hkewise  belong  to  the  sub-tribe  Durio- 
neae.  On  the  other  hand  no  tiers  are  developed  in  the  Adansonieae  (species  of 
AdansoniUy  Bombax,  Ceiba^  Chorisia)  and  Hatisieae  (species  of  CavaniUesia^ 
Montezuma^  Ochroma^  Quararibea),  or  in  CamptosUmon  aruense^  Becc.  and 
Dialycarpa  {Broumlowia)  Beccarii^  Hast. 

According  to  Bargagli-Petrucci,  silica-bodies  are  found  in  the  wood- 
parenchyma  in  Coelostegia  borneensis^  Becc. 

We  mav  also  notice  at  this  point  that  the  vascular  system  in  the  fruit- 
stalks  of  Aaansonia  digUaia  shows  polystelic  structure. 

Literatore :  Costantin,  Tiges  uir.  et  sont.,  Ann.  sc.  nat.,  ser.  6,  t.  xvi,  1883,  p.  109  et  seq.— 
Buber,  Corky  ezcresc,  Ann.  of  Bot,  vi,  189 J,  p.  i63«-^Geiber,  Adansama,  Thttc,  Paris,  1895, 
pp.  33-51,  pi.  i-ii — [Mirabella,  CoUeteri,  Contribnz.  Ist  bot.  Palermo,  ii,  1897,  p.  15  et  seq.; 
abatr.  in  Jnst,  1897,  i,  p.  5i3.1---Nestler,  Wassertropfen  an  den  Bl.  d.  Malvac,  SiU.-Ber.  Wiener 
Akad.,  cvi,  1, 1807,  pp.  387-96,  with  Tab. — [Zancla,  Acnlei,  Contribnz.  Ist.  bot.  Palermo,  ii,  1897, 
p.  I  et  seq.] — Nestler,  Schleimzellen  d.  LanbbL  d.   Malvac,  Osteneich.  bot.  Zeitschr.,   1898, 


pp.  04-9  and  Tab.  vl — ^Terraciano,  Nett  estranuz.  nelle  Bombacee,  Contribnz.  Ist.  bot.  Palermo,  ii, 
1898,  pp.  137-91,  tab.  xT-xviii.— Nestler,  Sekrettropf.,  Sitz.-Ber.  dentsch.  bot.  Gesellscfa.,  1899, 
p.  33a  et  seq. — ^Kearny,  in  Contribut.  U.  St  Nat.  Herb.,  v,  1900,  p.  303  {A'os/^UtMkya). — Pitard, 
Polystdie,  Act  Soc  Linn,  de  Bordeaux,  s^r.  6,  t  v,  1901,  pp.  Ixi,  Ixii;  and  Pdricyde,  Th^, 
Bonieanz,  1901,  p.  4a — Baigagli-Petraod,  C<»crez.  silicee,  Malpighia,  1902,  p.  23  et  seq. ;  and 
Legnami,  loc.  dt,  1903,  p.  337  et  seq. — Knothe,  Unbenetzb.  Bl.,  Diss.,  Heidelberg,  1903,  p.  13. — 
Theorin,  Vazttricbom.,  Arkiv  for  Bot,  i,  1903,  p.  160;  and  iv,  n.  18,  1905,  pw  30. — Bargagli- 
Petmcci,  Osa.  anat.-tist  solle  Bombacee,  Nnovo  Giom.  bot.  Ital.,  xi,  1904,  pp.  407-15. — Chrysler, 
Strand-plants,  Bot  Gazette,  xxxvii,  1904,  p.  461  et  seq.  {Hibiscus), — Col,  Faisceanx,  Ann.  sc. 
nat,  su.  8,  t  XX,  1904,  pp.  108-11. — Ursprane,  Dickenwachst,  Bot.  Zeit,  1904,  p.  sos  {ErU- 
^kmJSnm).— Areschong,  Trop.  nut  bladbyggn.,  Sv.  Vet.  Akad.  Handl.,  39,  n.  3,  1905,  pp.  56-8 
{DuellosiyUs),  pp.  64-6  (TAespesia), — ^Weberbaner,  Veget.  der  Hochanden  Penis,  in  Engler  Bot. 
Jahrb.,  xxxvii,  1905,  p.  60  et  seq. — [For  additional  literature,  see  p.  11 71.] 


TRIPLOCHITONACEAE. 

Triplochtion  sderoxylon^  K.  Schum.  (Zenker,  No.  298,  Kamerun,  Herb. 
Berol.) '  was  examined.  In  the  structure  of  its  bast  and  the  possession  of 
intercellular  secretory  receptacles,  some  of  which  contain  mucilage,  Triple- 
chUon  shows  affinity  to  the  remaining  Malvales.  The  stomata  are  surrounded 
by  ordinary  epidermal  cells.  Oxalate  of  lime  is  excreted  in  the  form  of  clus- 
tered and  solitary  crystals.    No  trichomes  were  observed. 

Structure  of  the  leaf.  The  epidermal  cells  are  polygonal  in  surface- 
view  and  none  of  them  are  mucilaginous.  Stomata  are  found  only  in  the 
lower  epidermis.  The  mesophyll  is  composed  of  palisade  tissue,  the  upper 
layers  of  which  are  typically  differentiated,  while  the  lower  ones  consist  of 
conjugate  elongated  cells.  The  vertical  transcurrence  of  the  smaller  veins  is 
especially  characteristic ;  their  vascular  bundles  are  surrounded  by  a  layer 
of  fibrous  cells,  which  is  prolonged  on  the  upper  side  into  a  narrow  plate  of 
fibres  extending  as  far  as  the  epidermis,  whilst  on  the  lower  side,  between  the 
bundle-sheath  and  the  lower  epidermis,  there  is  mostly  a  secretory  cavity 
enveloped  by  special  conjiwictive  tissue.  Relatively  large  clustered  crystab 
are  met  with  in  the  fibrous  plates  belonging  to  the  veins,  and  smaller  ones  are 
found  in  the  bast  of  the  larger  veins ;  solitary  crystals  are  rare.  Secretory 
cavities  are  situated  also  in  the  large  lateral  veins,  where  they  occupy  the 


^  The  second  genus  of  the  Order  (Afamaniay  Prain,  indigenous  in  Burma)  was  not  available. 
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same  position  as  in  the  smaller  veins;  they  are  present  in  the  bast  as  well. 
Their  contents,  as  far  as  they  could  be  determined,  are  certainly  in  some  cases 
mucilaginous,  whilst  in  others  they  are  of  a  different  nature. 

The  transverse  section  of  the  branch  shows  (empty)  secretory  spaces  in 
the  inner  portion  of  the  primary  cortex  and  in  the  pith.  The  phloem  is  strati- 
fied into  hard  and  soft  bast.  The  cortex  contains  clustered  crystals,  rarely 
solitary  crystals.  The  wood  is  soft  and  consists  principally  of :  (a)  vessels 
with  rather  wide  lumina,  simple  perforations  and  bordered  pits  in  contact  vrith 
parenchyma  of  the  medullary  rays ;  (h)  relatively  broad  medullary  rays, 
attaining  a  width  of  four  cells  ;  and  (c)  wood-fibres  bearing  simple  pits. 


STERCULIACEAE  (pp.  152-155). 

I.  Anatomical  Characters.  Extrafioral  nectaries  occur  in  Ptero- 
spermum  javanicum^  Jungh.  Silica-bodies  are  found  in  the  wood-parenchyma 
in  species  of  Heritiera  and  Sterctdia.  The  vascular  system  in  the  fruit-stalks 
of  Helicteres  jamaicensis,  Kleinhavia  Hosfnta  and  Sterctdia  pUUanifolia  is 
polystelic. 

2  and  3.  Structure  of  the  Leaf  and  Axis.  The  tufted  and  stellate 
hairs,  which  are  widely  distributed  in  the  Sterculiaceae,  generally  have  uni- 
cellular ra3^  ;  in  Dombeya  (Astrapaea)  WdlUchiiy  Benth.  and  Hook.,  however, 
I  have  found  the  rays  to  be  occasionally  uniseriate  with  several  thin  trans- 
verse walls. 

The  extrafioral  nectaries,  found  in  Pterospermum  javanicum,  although  not 
present  in  other  species  of  Pierospermum  growing  in  Java,  are  constituted  by 
one  of  the  two  stipules  of  the  fohage-leaf.  This  stipule  is  hollowed  out  so  as 
to  be  goblet-shaped,  and  is  clothed  with  abundant  stellate  hairs ;  the  cavity 
contains  numerous  pearl-glands  in  the  form  of  relatively  large  glandular  bodies 
composed  of  numerous  cells  and  provided  with  a  short  stalk  (Kaciborski). 

Doussot  publishes  a  few  statements  on  the  structure  of  the  petiole. 
According  to  him  the  fibrovascular  system  of  the  petiole  in  most  cases  (spedes 
of  Sterctdia^  Heritiera^  Pteros^ermum,  Kleinhovia,  Lasiopetalum^  Theobroma, 
Ahroma^  Hennannia^  CheiratUkodendron)  consists  of  a  ring  of  wood  and  bast, 
or  of  a  ring  of  vascular  bundles  ;  in  Cola  acuminata  there  are  two  arcs  of  wood 
and  bast  with  the  xylem  portions  turned  towards  one  another,  while  in  C.  Bal- 
layi  there  is  a  single  arc  of  the  same  kind.  In  addition  to  these  main  systems, 
the  pith  in  some  of  the  species  of  Sterctdia  contains  one  or  more  normally 
orientated  vascular  bundles,  in  Heritiera  a  second  ring  of  wood  and  bast,  and 
in  Cola  acuminata  one  or  two  smaller  bundles. 

In  amplification  of  the  previous  discussion  of  the  mucilage-receptacles 
we, may  in  the  first  place  notice  that,  according  to  Doussot,  the  mucilage-canals 
of  Sterctdia  acerifoUa^  S.  platanifolia.  Cola  acuminata^  and  '  Pterospermum 
saigonense '  are  partly  lysigenous  and  partly  schizogenous  in  origin,  while  the 
mucilage-receptacles  (canals  and  cavities)  of  *Abroma  orbictdaris '  are  invariably 
l3rsigenous.  The  development  of  the  mucilage-receptacles  in  the  individual 
genera  therefore  requires  further  detailed  investigation.  According  to  the  same 
authority  it  is  noteworthy  that  the  number  of  mucilage-canals  may  vary  at 
different  levels  in  one  and  the  same  plant,  and  that  at  some  points  the  canals 
may  be  replaced  by  mucilage-cavities. 

To  the  review  eiven  on  p.  153  of  the  detailed  distribution  of  the  mudlage- 
canals  in  the  axis,  the  foUowing  additions  may  be  made  on  the  basis  of  Doussot's 
and  Ledig's  statements.  Mucilage-canals  are  found  in  the  foUowing  additional 
species :--( I )  in  the  pith  and  primary  cortex:    Sierculia  acerifolia,  5.  foetida. 
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5.  '  furcata^*  5.  '  monophytta,'  and  5.  tomentosa  ^ ;  Cola  Ballayi  and  C.  gabonensis  ; 
Helicteres  involucrata ;  PUrospermum  '  saigonense  ' ;  Ruixia  variabilis  ;  Astrapaea 
WaUichii.  (2)  in  the  pith,  but  not  in  the  cortex  :  Hetitiera  littoralis  ;  Kleinhovia 
Hospita  (but  with  numerous  mucilage-cavities  in  the  primary  cortex);  Ptero- 
spetmum  suberifoiium  (many  mudlage-cavities  in  the  primary  cortex) ;  Abroma 
wbiculaHs. 

Before  leaving  this  subject  we  may  notice  the  occurrence  of  interxylary 
mncOage-canals  in  the  older  portions  of  the  axis  in  Brachychiton  populneum 
and  Theobroma  Cacao  (Mangin). 

According  to  Van  Tieghem,  the  (Ij^igenous)  mucilage-cavities  and  mucilage- 
cells  are  absent  in  Hermannia^  Mahernia,  Rtdingia^  BitUneria^  Lasiopeialuntf 
Thomasia  and  Melochia^  and  according  to  Doussot  also  in  HerUiera  liUoralis 
(in  contradistinction  to  H.  macrophylla).  Doussot,  on  the  other  hand,  states 
that  mucilage-cells  occur  in  the  pith  of  Hermannia  candicans,  and  mucilage- 
cells  and  cavities  in  the  pith  of  tasiopetalum  ferrugineum.  These  facts  show 
that  it  is  necessary  to  investigate  the  mucilage-receptacles  of  the  Sterculiaceae 
in  each  individual  species  before  they  can  1^  employed  for  generic  diagnosis 
and  classification  within  the  Order.  Schisc^enous  mucilage-cavities,  situated 
in  the  pith  of  the  branches  and  petioles,  are  stated  to  be  characteristic  of  Ayenia 
and  Commersania.  Doussot  records  the  occurrence  of  mucilaginous  epidermal 
cells  in  species  of  Sterculia,  Brachychiton^  Cola,  Theobroma^  Abrotna,  Hermannia 
and  Dombeya, 

A  brief  account  of  the  mudlage-receptacles  found  in  the  root  may  be  added 
on  the  basis  of  Doussot's  results.  Amongst  the  investigated  Sterculieae  the  roots 
of  all  except  Heritiera  (Sterculia^  Brachychiton^  Cola)  contain  only  mucilage-cavities 
and  mucilage-ceUs«  The  mucilage-cavities  are  con^ned  to  that  part  of  the  main 
root  which  is  situated  immediately  next  to  the  '  collet ' ;  they  may  be  present  in 
the  primary  cortex,  in  the  medullary  rays  of  the  bast,  and  in  the  wood  (here  in  the 
wooa-|>arench3rma  or  in  the  medullary  rays).  They  have  been  observed  in  the 
wood  m  Sterculia  Balanghas,  5.  foetida^  5.  '  monophylla,*  5.  platanifolia,  Brachy- 
chiton  acerifolium  and  B.  populneum.  In  *Abroma  orbicularis*  mucilage-cavities 
only  are  found  in  the  medullary  ra]^  of  the  bast,  while  in  Hermannia  candicans 
the  primary  cortex  and  bast  contain  mucilage-cells  alone.  In  Heritiera^  Ptero- 
spermumt  Theobroma  Cacao,  Dombeya  spedabilis  and  Cheiranthodendron  platani* 
folium  there  are  no  mucilage-receptacles  whatsoever. 

Litentue:  Ledig,  Gnmmikanale,  Bot.  Centimlbl.,  1881,  ii,  pp.  387-9. — ^Jftdin,  Org.  sto^t, 
Thte,  MoDtpelUer,  1888,  p.  61  €t  teq.— Johannson,  Rinden,  Diss.,  Dorpat,  1891,  pp.  8-11.^ 
Mangin,  Gomme  chez  Ics  Stercnl.,  Compt.  rend.  Paris,  cxzv,  1897,  pp.  725-8. — Borgesen  og 
Panlsen,  Veget  dansk.-yestind.  Oer,  Bot  Tidsskrift,  xxii,  1898-9,  p.  93  {Melochia  0rtU9ttosa\^ 

SHaitwich,  EisaU  der  Qaillajarinde,  Schwdzer.  Wochenschr.  f.  Chemie,  1899,  n.  49;  abstr.  in 
vst,  1899,  ii,  p.  28 ;  cortex  and  wood  oi  Sterculia  cordifolia,  Cav.  contain  saponin  1] — Radborski, 
Myimckophile  Pfl.,  Flora,  1900,  p.  38  et  seq.— Pitazd,  P^ricycle,  Thte,  Bordeaux,  1901,  pp.  106-8. 
— Baigagu-Petmcd,  Concrete  silicee,  Malpighia,  1903,  p.  33  et  seq.;  and  Legnaini,  loc.  cit., 
p.  331  et  seq.  {Heritiera,  Sterculia), — Doussot,  Appareil  gommif^  des  Stercnl.,  Thte,  Paris, 
1003,  75  pp. — ^ntard,  Polyst^lie,  Act.  Soc  Linn.  Bordeaux,  s£.  6,  t.  vii,  190a. — Barteletti,  Cortecda 
m  Pterespermum  platantfoHumy  Nuot.  Giom.  bot.  ItaL,  x,  1903,  p.  556.-^ol,  Faisceaux,  Ann.  sc. 
nat.,  s^.  8,  t.  XX,  1904^  p.  123. — Urspnn^,  Didoenwachstnm,  Bot.  2^.,  1904,  jp.  305  (Jiielochia). — 
AiesdiooA  Trop.  vaxt.  bladbyggn.,  Sv.  Vet  Akad.  Handl.,  39,  n.  a,  1905,  p.  63  {Buttneria),  p.  96 
(DemieyS),  pp.  79,  80  (BiUtneria),  ppw  118-30  {Fterospermum), — ^Haberlandt,  Licfatsinnesoig., 
1905,  p.  90. — [Pnhi,  Mansonieae,  Jonm.  Linn.  Soc.,  xxxvii,  1905,  p.  350  et  seq.] 


^  The  'septate  latiferons  tubes '  recorded  by  Ledig  in  Sterculia  Balanghas  are  merely  lysigenous 
mndlage-canals. 
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TILIACEAE  (pp.  155-159)- 

3.  Structure  of  the  Axis.  A  composite  and  continuous  ring  of  sderen- 
chyma  in  the  pericycle  is  present  also  in  the  genus  Sloanea  (Pitard).  Silica- 
bodies  have  been  observed  in  the  wood-parenchyma  in  Brownlowia  sp.  (P.  B., 
no.  3652)  (Bargagli-Petrucci). 

Literature :  Hohndi  Gerberiiuko,  Berlin,  1880,  p.  iii  et  seq.  (£ldeacar;^),-''Svakt,  Dikotyle 
Holzpfl.,  Diss.,  Kooigsbere,  1886,  p.  27  et  seq.— Borgesen  og  Paidien,  Vegct  dansk.-ycstind.  Oer, 
fiot  Tidsskrift,  xxii,  1 898-9,  p.  9^  {Corchorus  AfrfM/tex).— Paolesoo,  Scmct^  mat.  des  hybridei, 
Thte,  Geneve,  1900,  p.  69  (7V/m).— Petenen,  Vedanatomi, 
cycle,  Th^se,  Bordeaux,  1901,  pp.  70  and  108. — Bargagli-Petruo 


nr,  1000,  p.  37  ei  seq. — ix^rgesen  og  ranueo,  vcgeu  oansic-Tciona.  vjer, 
^8-9,  p.  9^.  {jCorchorm  hirsutus\ — ^Paulesco,  Scract.  anat.  des  hybridei, 
69  (TV/m).— Petenen,  Vedanatomi,  1001 »  p.  45  rrt/ia^.— -Pitard,  P^ri- 
901,  pp.  70  and  108. — Bargagli-Petruoci,  Concrez.  silicee,  Malpighia,  looa, 
ami,  loc.  dt,  p.  325  et  teq.  {Btrrya^  i^/vanf/Mvta).— Bouygnes,  P^ole, 


Thise,  Paris,  1902,  p.  10.— Fritsch,  Plagiopttron  fragram^  Ann.  of  Bot,  zvi,  Z902,  pp.  177-80. — 
Col,  Faisceanx,  Ann.  sc  nat.,  s^r.  8,  t  xx,  roo4,  p.  i$6. — Areachoug,  Trop.  vaxt.  budbyggii.,  St. 
Vet.  Akad.  Handl.,  39,  n.  2,  1905,  pp.  130-8  (iJrmfra).— [Frommel,  Plantas  text.  ChiL,  1905, 
p.  3a.] — ^Haberlandt,  lichtunnesorg.,  1905,  p.  97. — Piccioli,  Legnami,  BoU.  Siena,  1906,  p.  147. — 
tHoltermann,  Einflon  d.  Klimai,  1907,  p.  118  \ElaeocQrpms)^ 

RHAPTOPETALACEAE ». 

The  following  anatomical  features  are  common  to  the  different  members 
of  the  Order :  The  bilateral  structure  of  the  branch,  and  in  connexion  with 
this  the  occurrence  of  two  cortical  vascular  bundles  ;  the  superficial  develop- 
ment of  the  cork  ;  the  presence  of  isolated  groups  of  bast-fibres  in  the  pericycle  ; 
the  stratification  of  the  phloem  into  hard  and  soft  bast ;  narrow  medullary 
raj^  and  rather  abundant  development  of  wood-parenchyina  ;  stomata  with 
three  subsidiary  cells  of  different  sizes.  The  only  kind  of  trichomes  found  are 
unicellular  clothing  hairs.  Oxalate  of  lime  is  deposited  only  in  the  form  of 
solitary  crjrstals.  There  are  no  mucilage-cells.  On  the  other  hand,  spicular 
fibres  have  been  observed  in  the  mesophyll  in  species  belonging  to  sdl  four 
genera. 

Structure  of  the  leaf.  The  mesophyll  is  in  most  cases  bifacial,  although 
the  palisade-tissue  is  not  alwa)^  distinctly  developed.  In  certain  species  of 
Scytopetalum  and  Oubanguia  the  epidermal  cells  are  elongated  and  divided 
by  tangential  waUs ;  Brazzeia  has  large  epidermal  cells,  the  inner  walls  of 
which  are  convexly  arched,  while  some  of  the  cells  are  filled  with  red  contents. 
Gelatinization  of  the  epidermis  has  not  been  observed.  The  stomata  are  found 
either  on  both  sides  of  the  leaf  or  only  on  the  lower  side.  In  Oubanguia  and 
Rhaptopetalum  the  three  subsidiary  cells  of  the  stomata  have  violet  or  brown 
contents,  while  in  Brazzeia  such  contents  are  found  only  in  the  smallest  sub- 
sidiary cell ;  in  Scytopetalum  they  are  altogether  wanting.  The  spicular  fibres 
above  mentioned  as  occurring  in  all  four  genera  are  connected  with  the  scleren- 
chyma  of  the  veins  ;  they  traverse  the  mesophyll  and  ultimately  spread  out 
beneath  the  epidermis.  The  fibres  are  not  always  present ;  for  example,  not 
in  Scytopetalum  Pierreanum  (De  Wild.),  V.  T.  In  S.  Pierreanum  the  smaller 
veins  of  the  leaf  are  vertically  transcurrent,  whilst  in  Oubanguia  they  are 
almost  transcurrent. 

An  arc-shaped  vascular  bundle  passes  out  into  the  leaf.  The  petiole 
contains  three  bundles,  viz.  a  large  median  one  and  two  smaller  lateral  strands. 

Unicellular  clothing  hairs  have  been  observed  on  the  branches  only  in 
species  of  Brazzeia  and  Rhaptopetalum. 


^  This  Order  (Scytopetalaceae  of  Engler),  founded  by  Pierre  on  the  genus  Rhaftopetalmm 
(which  was  formerly  included  among  the  Olacineae),  and  a  few  other  genera,  is  related  to  the 
Malvales.  According  to  Van  Tieghem,  it  may  be  subdivided  into  the  Oubanguieae  ¥rith  Oubanguia 
and  Scytopetalum ^  and  the  Rhaptopetaleae  with  Brasuia  and  Rhaptopetalum,  The  abo^e  description 
is  based  on  Van  Tieghem's  paper  cited  below. 
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In  dealing  with  the  structure  of  the  wood.  Van  Ti^hem  merely  states 
that  the  medullary  rays  are  from  one  to  three  cells  in  breadth,  and  that  wood- 
parenchyma  is  developed  in  some  Quantity  in  all  four  genera.  According  to 
Engler,  the  wood  in  Scytopetalum  Klaineanum^  Pierre  contains  the  following 
elements :  (a)  scalariform  and  reticulate  vessels  with  wide  lumina  and  very 
steep  transverse  walls  exhibiting  scalariform  perforations ;  (h)  vessels  with 
narrower  lumina ;  (c)  tracheids ;  and  (d)  Ubriform  (i.e.  wood-prosenchyma 
with  simple  pits).    The  pith  is  lignified. 

In  the  structure  of  the  cortex  the  following  points  may  be  mentioned.  The 
development  of  cork  in  Oubanguia  takes  place  in  the  subepidermal  layer  of 
cells,  or  locally  in  the  second  layer  of  the  prmiary  cortex,  while  in  Scytopetalum^ 
Brazzeia  and  Rhaptopetalum  it  conmiences  in  the  epidermis.  In  Rhaptope- 
talum  the  cork  includes  cells  with  U-shaped  thickening.  The  two  genera  of  the 
Oubanguieae  are  characterized  by  the  fact  that  all  the  different  parts  of  the 
primary  cortex  (even  the  subepidermal  layer  and  the  endodermis)  contain 
cells  with  U-shaped  thickening  and  with  or  without  an  enclosed  crystal 
of  oxalate  of  lime  (Van  Tieghem's  '  cristarque  '-cells) ;  in  some  cases  (Scytopc' 
talum)  the  cells  are  uniformly  thickened  all  round.  In  the  Rhaptopetaleae, 
on  the  other  hand,  cells  of  this  type  are  wanting.  For  details  as  to  the  course 
of  the  two  cortical  vascular  bundles,  see  Van  Tieghem  ;  regarding  the  pericycle 
and  bast,  cf.  above. 

litentnre:   Eogler,  ScytopeUlaoeae,  in  Natiirl.  Pflanzen&m.,  Nachtr.  z.  il~iv.  Teil,   1897, 
pp.  242,  943.^-Van  Ti^hem,  Rhaptop^talacte,  Ann.  sc.  luit,  s^.  9,  t  i,  1905,  pp.  3 J 1-88. 


LINEAE  (pp.  159-160). 

1.  The  following  characters,  newly  recorded  in  certain  members  of  the 
Order,  may  be  added  to  the  Review  of  Anatomical  Features  :  deposition 
of  oxalate  of  lime  in  the  form  of  clustered  crystals  ;  epidermal  cells  in  the  leaf 
containing  soUtary  crystals  (ErytkroxyUm  Coca) ;  occurrence  of  peg-shaped 
cystoUth-like  bodies  (£.  ohtusum) ;  presence  of  hypoderm  in  the  leaf ;  scleren- 
chymatous  idioblasts  in  the  mesophyll  (species  of  Erythroxylon) ;  occurrence 
of  cells  exhibiting  U-shaped  thickening  and  containing  solitary  crjrstals, 
i.e.  '  cristarque  '-cells  (species  of  Erythroxylon  and  Aneulophus) ;  cortical 
vascular  bundles  (Erythroxylon).  The  development  of  the  cork  is  superficial, 
taking  place  in  the  subepidermal  layer  in  Erythroxylon^  and  in  the  epidermis 
in  Aneulophus. 

2.  Structure  of  the  Leaf.  Wilde  has  recently  investigated  species  of 
Linum,  Radiola  and  Reinwaritia^  whilst  Hartwich  has  examined  species  of 
Erythroxylon^  and  Van  Tieghem  the  genera  Erythroxylon  and  Aneulophus, 
In  certain  species  of  Linum  the  leaf  is  centric  in  structure  ;  it  is  also  approxi- 
mately centric  in  Erythroxylon  tortuosum^  in  which  the  cells  constitutmg  the 
lowest  layer  of  the  mesophyU  have  the  same  form  as  the  spool-shaped  girder- 
cells  found  in  Papilionaceous  seeds.  According  to  Van  Tieghem,  gelatinized 
epidermal  cells  are  found  on  the  upper  side  of  the  leaf  in  all  the  species  of 
Erythroxylon  examined  by  him,  as  well  as  in  Aneulophus  africanus,  Benth., 
Hugonia  montana,  Pierre,  and  Roucheria  Contestiana,  Pierre.  A  one-layered 
hypoderm  is  situated  on  the  upper  side  of  the  leaf  in  Ixonanthes  cuneaia,  Miq. 
According  to  my  own  observation  certain  of  the  lower  epidermal  cells  in  the 
leaf  of  Erythroxylon  Coca  contain  solitary  crystals  of  oxalate  of  lime,  these  cells 
being  sometimes  arranged  in  pairs.  Papillose  differentiation  of  the  lower 
epidermis  is  of  frequent  occurrence  in  the  genus  Erythroxylon^  e.g.  in  £.  ovatum 
and  E.  subrotundum  (Hartwich).    The  stomata  are  accompanied  by  subsidiary 
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ceUs  placed  parallel  to  the  pore,  also  in  Aneulophus^  Raiiola  and  Reinwardiia. 
In  Erythroxylon  bolivianutn,  Burck  certain  cells  of  the  lacunar  spongy  tissue 
are  sclerosed  (Hartwich).  According  to  Hartwich,  typical  sderenchymatous 
idioblastSy  usually  assuming  the  shape  of  a  T,  are  found  in  Erytkroxyion  actdi^ 
folium^  E.  citrifoUum^  E.  mucronatum  and  E.  squamatum;  these  elements 
traverse  the  palisade-tissue,  and  then  continue  their  course  between  the  latter 
and  the  epidermis.  Van  Tieghem  also  records  '  scl6rites  rameuses '  in  Ery- 
tkroxyion amplum^  E.  campestre^  £.  lucidum,  and  E.  suberosum,  whilst  Pierre 
mentions  '  rares  spicules '  in  Hugonia  fnontana^  Pierre.  According  to  Van 
Tieghem,  the  vascular  bundles  of  the  veins  are  provided  with  bundles  of  sderen- 
chymatous fibres  in  Aneulophus  and  Erythroxylon ;  in  Anetdophus  and  some 
of  the  species  of  Erythroxylon  these  fibres  are  accompanied  by  '  cristarque  '- 
cells. 

The  clustered  crystals  above  mentioned  have  been  observed  in  the  primary 
cortex  in  Reinwardtia  indica,  Dum.,  and  in  the  secondary  bast  in  Erythroxylon 
pukhrum  (Wilde  and  Johannson).  The  cystolith-Uke  bodies  appear  as  small 
unlignified  peg-shaped  structures,  arising  from  the  middle  of  the  outer  MraU 
of  the  upper  epidermal  cells  and  occasionally  showing  stratification ;  they 
have  only  been  met  with  in  Erythroxylon  obtusum  (Hartwich). 

In  Aneulophus^  Erythroxylon,  Hugonia,  Ixonanthes  and  Roucheria,  as  well 
as  in  the  genus  Ctenolophon,  which  has  been  transferred  from  the  Olacineae 
to  the  Lineae  by  Pierre,  three  vascular  bundles  branch  out  from  the  axis  into 
the  leaf.  Van  Tieghem  gives  the  following  description  of  the  petiole  in  Aneu- 
lophus and  Erythroxylon.  Of  the  three  vascular  bimdles  passing  out  into  the 
leaf  in  Erythroxylon,  the  two  lateral  strands  depart  from  the  vascular  ring  of  the 
axis  in  the  lower  portion  of  the  intemode ;  they  consequently  traverse  the 
upper  part  of  the  intemode  as  cortical  bundles.  These  two  bundles  each  give 
off  a  branch  to  the  stipules,  and  finally  on  entering  the  petiole  fuse  with 
the  median  bundle,  which  leaves  the  axial  vascular  ring  at  the  node,  to  form 
an  arc  of  wood  and  bast.  In  Aneulophus  the  three  vascular  buncUes  unite 
to  form  a  similar  arc  of  wood  and  bast,  but  here  the  bundles  only  emerge  at 
the  node.  In  some  of  the  species  of  Erythroxylon  the  ground-tissue  of  the 
petiole  contains  irregularly  scattered  '  cristarque  '-cells,  while  in  Aneulophus 
such  cells  are  found  in  the  subepidermal  and  endodermal  layers. 

3.  Structure  of  the  Axis.  According  to  Wilde,  the  xylem  contains 
vessels  with  simple  perforations  and  libriform  also  in  Linum  and  Radiola. 
In  Aneulophus  and  Erythroxylon  the  cells  of  the  cork  have  thin  walls  (Van 
Tieghem).  Wilde  records  a  distinct  endodermis  in  Reinwardtia  indica,  and 
a  pericycle  including  isolated  groups  of  fibres  in  Linum  and  Radiola  linoides, 
Gmel.  According  to  Van  Tieghem,  isolated  groups  of  bast-fibres  are  present 
in  the  pericycle  sdso  in  the  species  of  Erythroxylon,  while  in  Aneulophus  a  com- 
posite and  continuous  ring  of  sclerenchyma  is  formed  at  an  early  stage. 
Cristarque  '-cells  are  only  found  in  the  primary  cortex  in  part  of  the  species 
of  Erythroxylon ;  in  a  few  species  (E.  anguifugum,  E.  si^erosum)  they  are 
situated  in  the  second  layer  of  cortical  ceUs,  but  in  most  cases  (£.  amplum, 
E.  campestre,  E.  citrifolium,  E.  deciduum,  E,  lucidum,  E.  nitidum,  &c.)  they  are 
irregularly  distributed  throughout  the  whole  thickness  of  the  primary  cortex. 
In  the  monotypic  genus  Aneulophus  the  *  cristarque  '-cells  are  confined  to  the 
subepidermal  layer  and  the  endodermis  (see  above,  under  petiole).  In  Ery- 
throxylon  Coca  cells  with  yellowish  or  yellowish-red  contents  are  found  in  the 
primary  cortex,  as  well  as  in  the  pith.  The  secondary  bast  of  E.  tortuosum 
includes  groups  of  stone-cells,  while  that  of  E,  australe  and  other  species  con- 
tains bimdles  of  fibres ;  the  latter  are  especially  numerous  in  £.  suberosum, 
where  they  cause  a  stratification  of  the  bast  (Van  Tieghem).  In  E.  pulchrum 
the  secondary  bast  includes  fibrous  cells  and  stone-cells  (Johannson) ;    in 
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Aneuhphus  there  is  practically  a  second  sclerenchymatotis  ring  exhibiting  the 
same  structure  as  that  found  in  the  pericycle  and  having  a  layer  of '  cristarque  '- 
ceUs  on  its  outer  side  (Van  Tieghem). 

Literature :  Johannsoii,  Noch  weoig  bekannte  Rinden,  Din.,  Domt,  1891,  p.  39  et  aeq.  {Erythro- 
jcyUn). — [Tognini,  Faid  libro'ltt^iu  prim,  n^li  01^.  ftg,  del  lino,  Atti  1st  bot  Ayisi,  1891, 
31  pp.;  ftooordiiiff  to  Bot  Centnubl.,  1,  p.  337.]— Iierre,  Flore  forest,  de  U  Cochinchine,  xvUi, 
i893.-~[Togiuiii,  Stomi,  Atti  1st  bot.  P«via,  1894.]— Schubert,  Parenchymscbeiden,  Bot  CentrBlbl., 


1S97,  iv,  p.  16. — ^Wilde,  Beitr.  z.  Anat  d.  lineae,  Diss.,  Heidelberg,  looa,  i;6  pp.  and  i  Tab.- 
Hartwich,  Cocablatter,  Archly  d.  Pharm.,  341,  1903,  pp.  617-30,  and  Tab.  1,  ii«— Van  Tieghen, 
£rythrozylao6es,  nonv.  ex.  de  cristarqne,  BnlL  Mas.  dliiat  nat,  1903,  pp.  387-^3.— [Greenish, 


Structure  of  Coca  leaves,  Pharm.  Jonm.,  1904,  pp.  493>-6.]<-Siissengiim,  Behaamngsveih.  d. 
Wiinb.  Mnschelkalkpfl.,  Diss.,  Wiuzbnig,  1904,  p.  34. — Areschong,  Trop.  Tiixt.  bladbyggn.,  St. 
Vet  Akad.  HandL,  39,  n.  a,  1905,  pp.  38,  39  (^^ArAT|ri;0ff).~Theorin,  Yaxttrichom.,  ArkiT  for 
Bot,  iv,  n.  18,  1905,  p.  7.— [O.  £.  Scholz,  &ythroxylaoeae,  in  Pflanzenreich,  Heft  39,  1907, 
pp.  4-6]«— [Tammes,  Flachsstengel,  Natk.  Verb,  holland.  Mij.  Wet.^  1907,  385  pp.] 

HUMIRIACEAE  (pp.  160, 161). 

Colozza's^  investigation  of  the  structure  of  the  leaf  in  the  species  of  Humi- 
riaceae  contained  in  the  Florence  Herbarium  has  afiEorded  the  following  ad- 
ditional facts.  The  leaves  are  invariably  bifacial  in  structure.  In  Humiria 
and  VatUanea  the  cells  of  the  upper  epidermis  are  larger  than  those  of  the  lower, 
and  are  differentiated  as  aqueous  tissue ;  in  SacogloUis,  on  the  other  hand,  the 
epidermal  cells  on  both  sides  of  the  leaf  are  small.  In  Humiria  the  cells  of  the 
palisade-tissue  are  much  elongated,  whilst  in  VatUanea  and  SacogloUis  they 
are  not  so  long,  or  even  scarcely  elongated ;  the  genus  last  named  has  2-3 
layers  of  palisade.  In  SacogloUis  cuspidata^  Urb.  and  S.  ^uianensis,  Benth. 
em.  the  mesophyll  contains  numerous  sclerenchymatous  idioblasts  which  run 
from  one  epidermis  to  the  other  and  have  swollen  or  forked  terminations. 
The  m^lian  vein  in  all  the  members  of  the  Order  includes  a  stele  with  an 
enveloping  ring  of  mechanical  tissue.  In  certain  species  of  SacogloUis  the  leaves 
l>ear  short,  conical  unicellular  clothing  hairs.* 

For  details  as  to  the  structure  of  the  petiole,  the  transverse  section  of 
which  is  circular  in  VafUanea^  circular  or  semicircular  in  SacogloUis^  and  trian- 
gular in  Humiria^  see  Colozza,  loc.  cit. 

According  to  Pitard ',  a  composite  and  continuous  ring  of  sclerencfayma  in 
the  pericvde  of  the  axis  is  present  also  in  Aubrya  gabonensis  and  in  additional 
species  oi  Humiria  and  VatUanea, 

MALPIGHIACEAE  (pp.  161-167). 

3.  Structure  of  the  Axis.  A  composite  and  continuous  ring  of  scleren- 
chyma  is  developed  in  the  pericycle  in  Heteropteris  laurifolia  (Pitard).  Pierre's 
statement  (in  Flore  forest,  de  la  Gochinchine,  xvii,  1892 ;  see  also  xviii,  1893) 
regarding  the  occurrence  of  *  poches  k  contenu  blanc  spdcial '  in  the  cortex 
of  the  branch  of  Aspidopterys  costulata^  Pierre,  requires  rarther  investigation  ; 
the  contents  of  the  sacs  are  stated  to  be  coloured  blue  by  iodine. 

Note.  In  Bibl.  bot.,  Heft  56,  1902,  p.  yy  and  Tab.  vii-viii,  Areschoug  publishes 
the  results  of  examination  of  leaves  belonging  to  a  plant  originallY  referred  to 
Derris  uligitiosa^  Benth.,  but  subsequently  stated  by  the  same  authority  (in  Flora, 
1903,  p.  30^)  to  belong  to  TrisieUaUia  australasiae^  A.  Rich.  (Malpi^hiaceae) ;  sinc^ 
the  leaves  in  question  bear  peculiar  three-celled  trichomes  of  a  simple  type,  the 
material  is  certainly  not  referable  to  a  member  of  the  Malpighiaceae. 


Coloiaa,  Note  anat.  salle  foglie  delle  Hamiriac,  Noovo  Giom.  bot.  Ital.,  zi,  1904,  pp.  335-45* 
Pitard,  TiticycXt,  ThhaCf  Bordeaux,  1901,  pp.  77,  78. 
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literatare:  Hdhnel,  GaberindeQ,  Berlin,  1880,  p.  113  et  leq.^PHlud,  Pfricycle»  Tliese, 
Bordeaux,  1901,  pp.  40  and  67. — ^AnsEchoiiff,  Tiop.  yaxt  bkdbyggo.,  St.  Vet.  Akad.  HaiidL,  30, 
n.  3, 1005,  pp.  35,  36. — ^Viret,  Liaisons  dn  phloime  mM.  etc.,  Inst,  de  Botr  Geneve,  1904,  pp.  46<-03 
(fiiceiid), — [For  additional  literatnre  see  p.  1 171.] 

ZYGOPHYLLEAE  (pp.  167-169). 

Structure  of  the  Leaf.  In  NUraria  Schoheri^  L.  and  N,  iridetUata^ 
Desf .,  the  mesophyll  contains  mucilage-cells  like  those  found  in  N.  retusa ; 
tanniniferous  idioblasts  have,  however,  only  been  observed  in  N.  Schoberi 
and  N.  retusa  (Jonsson).  We  may  add  that  according  to  the  same  author 
gelatinization  occurs  in  the  axis  in  N.  Schoberi  and  leads  to  the  formation  of 
Urge  mucilage-lacunae,  situated  in  the  primary  and  secondaiv  cortex.  These 
lacunae  generally  originate  as  intercellular  spaces,  and  undergo  subsequent 
enlargement  at  the  expense  of  the  cells  of  the  surrounding  tissue ;  after  this 
process  of  resorption  the  contents  of  the  lacunae  in  some  cases  include  large 
numbers  of  crystals  of  oxalate  of  lime.  In  the  species  of  Fagonia,  Guaiacum^ 
Larrea,  Porlieria,  Tribulus  and  ZygophyUum^  investigated  by  Pantanelli,  the 
stomata  are  small  and  are  either  sunk  or  raised  above  the  level  of  the  epidermis  ; 
they  have  no  subsidiary  cells.  The  cuticle  of  the  epidermis  varies  very  much 
in  thickness.  A  specially  noteworthy  featm-e  is  the  occurrence  of  spicular  fibres 
in  the  mesophyll  in  Ntiraria  Schoberi;  these  fibres  branch  off  from  the 
sclerenchyma  of  the  veins,  and  traverse  the  palisade-tissue  on  the  upper 
side  of  the  leaf,  penetrating  as  far  as  the  epidermis  (Jonsson). 

According  to  Pantanelli,  the  fibrovascular  system  of  the  petiole  is  con- 
stituted by :  (a)  a  principal  system  composed  of  3-4  {Fagonia)  or  4-6  {Tribulus) 
vascular  bundles  or  of  a  ring  of  bundles  {Zygophyllum,  Porlieria^  Guaiacutn^ 
Bulnesia,  Larrea) ;  and  (b)  an  auxihary  system  consisting  of  two  lateral  vascular 
bundles,  which  are  situated  towards  the  upper  side. 

For  the  structure  of  the  petiolar  cushions  of  Porlieria  hygrometra  and 
Guaiacum  officinale,  L.,  see  the  papers  by  Paoletti,  Pantanelli,  and  Rodrigue. 

Structure  of  the  Axis.  Accordmg  to  Pantanelli,  the  cork  is  in  most 
cases  (including  Zy^ophyUum  album,  L.)  developed  in  a  subepidermal  position, 
but  in  Fagonia  creltca,  L.  it  arises  on  the  inner  side  of  the  pericyclic  groups  of 
bast-fibres ;  the  latter  feature  has  by  the  way  been  previously  recorded  by 
Vesque  (in  Ann.  sc.  nat,,  s6r.  6,  t.  ii,  p.  194).  In  BulrCtsia  Retamo  the  primary 
cortex  contains  stone-ceUs  (Pantanelli),  whilst  in  Larrea  nitida  there  is  a  com- 
posite and  continuous  ring  of  sclerenchyma  in  the  pericycle  (Pitard).  In 
Fagonia,  Tribulus  and  Zygophyllum  the  pith  is  composed  of  a  thin-walled 
tissue  serving  the  purpose  of  water-storage ;  in  Porlieria  it  is  made  up  of 
coarsely  punctate  cells,  while  in  Guaiacum  officinale  it  includes  stcme-cells 
(Pantanelli).  According  to  Pantanelli,  a  tier-like  structure  is  exhibited  by  the 
xylem-mass  also  in  Larrea  cuneifolia,  Cav^ 

The  vascular  system  of  the  root  is  diarch  (Fagonia,  Tribulus,  and  Zygophyllum) 
or  triarch  {Guaiacum,  Porlieria). 

Literatnre  :  Paoletti,  Porlieria  hygrometra^  Malpi^hia,  iv,  1890,  pp.  34-40,  and  Nnovo  Giom. 
bot.  ItaL,  1892,  p.  65  et  seq.,  especially  pp.  68-71. — Wilson,  Leaves  and  stipules  of  Larrea  mexi- 
eana,  Tnmsact  and  Proceed.  Bot  Soc.  £ainbnz£h,  six,  1893,  pp.  185-90. — Gamper,  Angostnrarinden, 
Diss.,  Ziirich,  1900,  p.  60.— Pantanelli,  Anat.  fisioL  delle  ZygophyU.,  Atti  della  SodetiL  del  natuml, 
e  matemat  di  Modena,  ser.  iv,  vol.  ii,  1900,  pp.  93-181,  tav.  viii-xi;  and  Pnlvini  motori  etc.,  loc. 
dt,  p.  aoi  et  seq. — Pitard.  P^ricyde,  Thte,  Bordeaux,  1901,  p.  76. — ^Jonsson,  Anat  Ban  d. 
Wiistenpfl.,  Lands  Univers.  Arsskr.,  zxrnii,  1903,  Afd.  2,  n.  0,  p.  as  et  seq.  and  Tab.  ii-iiL — 
Fatzold,  Harz  u.  Holz  von  Gnaiacom,  Diss.,  Strassbnrg,  190a,  laa  pp. — ^Rodrigue,  Poriieria  J^gro- 
meira  [Arch.  Sc.  phys.  et  nat.  Soc.  b^v.,  1903,  pp.  140-a;  Actes  Soc.  b^lv.  sc.  nat.,  190a,  p.  7a]; 
and  BnlL  de  THerbier  Boissier,  ii,  190a,  p.  893. — [Holtennann,  Einflnss  d.  Klimas,  1907,  p.  83 
{TriMus).] 
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GERANIACEAE  (pp.  169-174). 

1.  The  Review  of  Anatomical  Features  requires  the  {ollowing  additions. 
The  heads  of  the  glandular  hairs  are  for  the  most  part  unicellular,  but  in  ex- 
ceptional cases  (species  of  Oxalis)  thev  may  be  multicellular.  Glandu)^ 
shaggy  hairs  occur  m  BiebersUinia.  In  Bliynchotheca  oxalate  of  lime  is  deposited 
in  the  form  of  styloids,  which  had  hitherto  not  been  recorded  in  this  Order. 
Secretory  cells  are  found  side  by  side  with  the  secretory  cavities  in  species  of 
Oxalis.  The  epidermis  of  the  leaf  in  Tropaedum  tnaius,  L.  includes  elongated 
ceUs  with  mucilaginous  contents.  Septate  laticiferous  tubes  (?)  are  present 
in  the  tuberous  roots  of  a  few  species  of  Tropaeolum.  Hard  bast  is  occasionally 
wanting  in  the  pericycle. 

2.  The  Structure  of  the  Leaf  in  the  Geraniaceae  has  recently  been 
studied  in  detail  as  follows  :  by  Bnmies  in  Biebersteinia^  Monsania^  Sarcocauhn^ 
Geranium^  Erodium,  Pelargonium,  Viviania,  RhynchMeca,  Wendtia,  Balbisia 
and  Dirachmia  ;  by  Magnus  in  Tropaeolum ;  by  Chauvel  in  the  genera  Hypse<h 
charis,  Oxalis,  Btophytum,  EiMeria^  Averrkoa,  Connaropsis  and  Dapania^ 
which  belong  to  the  Oxalideae ;  and  by  Brunette  in  Impaiiens,  In  many 
species  of  Oxalis,  e.  g.  O.  artictdata,  Sav.  or  0.  montevidensis.  Prog,  (on  the 
upper  side  of  the  leaf)  and  O.  brasUiensis,  Lodd.  (on  both  sides  of  the  leaf), 
the  epidermis  consists  of  remarkably  large  ceUs  and  is  differentiated  as  aqueous 
tissue.  Hypoderm  is  found  beneath  the  upper  epidermis  in  Dapania  scandens, 
Stapf .  Papillose  differentiation  of  the  lower  epidermis  has  recently  been 
recorded  also  in  Eichleria  Blanchetiana,  Prog.,  Rhynckotheca  spinosa,  R.  et  P. 
(poorly  developed),  Oxalis  articulata^  Sav.,  O.  corniculata,  L.  var.  purpurea, 
O.  halophylla^  Arech.,  0.  hirta,  L.  and  0.  Osteni,  Arech.  In  Tropaeolum  peregri- 
num,  L.  chlorophyll  is  present  in  the  epidermis.  The  stomata  are  placed  at 
different  levels.  In  Averrhoa,  Biophytum,  and  Eichleria,  according  to  Chauvel, 
there  are  two  neighbouring  cells,  or  at  least  one  such  cell,  lying  parallel  to  the 
pore.  A  study  of  the  course  of  development  of  the  stomata  m  Tropaeolum 
has  shown  that  three  neighbouring  cells  are  formed  before  the  mother-cell  of 
the  guard-cells  becomes  differentiated  (Magnus).  Water-pores  functioning  as 
hydathodes  occur  also  in  certain  species  of  Oxalis,  and  are  situated  in  the  de- 
pressions of  the  emarginate  leaflets.  The  neighbouring  cells  of  the  water-pores 
m  Oxalis  like  those  of  Tropaeolum  are  occasionally  (e*  g.  in  0.  Schraderiana, 
H.  B.  K.)  papillose.  The  mesophyll  is  for  the  most  part  bifacial,  although 
centric  (homogeneous)  structure,  with  uniform  assimilatory  tissue  composed  of 
rounded  cells,  is  also  met  with.  Balbisia  microphylla,  Pml.  has  rolled  leaves, 
the  stomata  being  contained  in  two  furrows,  situated  one  on  either  side  of  the 
principal  vein  on  the  lower  side  of  the  leaf.  In  Pelargonium  coronopifolium, 
J  acq.  the  two  halves  of  the  leaf  are  revolute,  so  that  a  deep  furrow  is  formed  ; 
the  stomata  in  this  species,  however,  occur  in  approximately  equal  numbers 
on  both  sides  of  the  leaf.  With  reference  to  the  veins  we  may  mention  that 
enlarged  terminal  tracheids  are  characteristic  of  Averrhoa,  niophytum  and 
Eichleria.  According  to  Irgang,  the  drops,  which  appear  on  pricking  or  cutting 
through  the  veins  of  tne  leaf,  the  petioles  and  relatively  young  stems  of  Tropaeo^ 
lum  majus,  emanate  from  tubular  cells  situated  in  the  xylem  and  provided  with 
rather  wide  lumina,  a  nucleus  and  protoplasmic  contents ;  these  cells  are 
merely  the  young  segments  of  the  vessels,  which  in  this  case  persist  in  an 
unaltered  condition  for  an  exceptionally  long  time. 

We  may  now  pass  on  to  consider  the  clothing  hairs.  Unicellular  and  uni- 
seriate  •tnchomes  in  some  cases  occur  in  the  same  species.  According  to 
3nmies,,  the  Gexaniaceae  investigated  by  him  have  clothing  hairs  in  which 
the  basal  portion  has  a  characteristic  structure ;  it  is  inserted  between  the 
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epidermal  ceUs  and  is  generally  conical  or  shaped  like  a  truncated  cone,  and  only 
in  rare  cases  has  a  cylindrical  form.  As  specially  noteworthy,  we  may  mention 
the  unicellular  trichomes,  which  Fredrikson  met  with  on  the  bulb-scales  in 
certain  species  of  Oxalis  ;  the  longitudinal  wall  of  these  hairs  has  an  uneven 
surface  due  to  small  (0.  incamata,  L.,  loc.  cit..  Tab.  I,  fig.  15)  or  spinose  (0.  sp. 
349,  loc.  cit..  Tab.  II,  %.  25)  papillae.  At  this  point  we  may  also  refer  to  the 
short  trichomes  foimd  in  Impaiiens  Mariannae,  Keichb. ;  in  their  t3rpical  form 
these  hairs  consist  of  a  large  basal  cell  and  a  plano-convex  lens-shaped  cell,  but 
they  occasionally  exhibit  transitions  to  longer  uniseriate  hairs  or  may  be  reduced 
to  a  single  large  epidermal  cell,  the  outer  wall  of  which  is  arched  outwards  in 
a  sphencal  manner.  These  structures  are  regarded  by  Haberlandt  as  local 
organs  for  light-perception  (ocellae).  Glandular  hairs  having  a  stalk  of  varying 
length  and  a  umcdlular  head  are  found  also  in  the  genera  Averrhoa^  Biaphytum^ 
Monsonia^  Viviania  and  Wendtia,  The  following  special  types  of  glandular  hairs 
have  been  newly  recorded  :  unicellular  clavate  hairs  (Oxalis  rhoinbifoKa,  Jacq. 
according  to  Chauvel,  and  O.  sp.  346  according  to  Fredrikson) ;  glandular  hairs 
with  a  very  long  stalk  and  a  imicellular  head  (0.  refracta^  St.  Hil.  var.  iypica 
and  O.  siibcorymbosa^  Arech.  according  to  Chauvel) ;  hairs  with  a  long  stalk 
and  an  ellipsoidal  head,  subdivided  into  three  cells  by  means  of  horizontal  walls 
(O.  amara,  St.  Hil.  according  to  Chauvel) ;  lastly,  the  glandular  shaggy  hairs 
of  Biebersieinia  muUifida^  DC,  described  by  Brunies  as  emergences,  which 
consist  of  a  long  multiseriate  stalk  and  a  knob-shaped  head  composed  of 
numerous  ccJls.  Hoarding  the  structure  of  the  glandular  appendages  (extra- 
floral  nectaries)  occurring  on  the  petiole  and  stem  in  the  species  of  Impaiiens^ 
see  also  Aufrecht  and  Brunotte,  loc.  cit. 

Oxalate  of  lime  is  aJso  deposited  in  the  form  of  styloids  ^  (parenchyma  of 
the  veins  of  Rhynchotkeca  spinosa).  Large  idioblasts  contaming  clustered 
crystals  are  found  in  the  mesophyll  in  many  species  of  Erodium^  and  in  Pdar^ 
fonium  afMiymbicum^  Steud.,  while  idioblasts  with  solitary  crystals  are  met  with 
m  certain  species  of  Oxalis.  Other  features  of  special  note  are  :  the  sphaero- 
crystsdline  or  clustered  aggregates  found  in  species  of  Monsonia  and  Erodium ; 
the  short,  moniliform  rows  of  cells  filled  with  clustered  crystals  occurring  in 
the  veins  of  the  leaf  in  species  of  Wendtia ;  and  the  rows  of  CTystal-cells  (with 
solitary  crystaJs)  accompanying  the  vascular  bundles  of  the  veins  to  which  they 
form  a  kind  of  sheath  in  Averrhoa,  Biophytum  and  Eichleria, 

Chauvel,  Fenizia  and  Fredrikson  have  published  new  data  on  the  dis- 
tribution of  the  secretory  cavities  in  Oxalis ;  Fredrikson,  however,  only  ex- 
amined the  bulb-scales.  According  to  Chauvel,  the  secretory  cavities  are  a 
constant  feature  in  the  acauline  species,  although  they  also  occur  in  certain 
species  which  have  a  well-developed  stem  (e.  g.  0.  cernua,  Thunb.  or  0.  Deppei, 
Lodd.).  The  secretory  cavities  found  in  the  bulb-scales  are  situated  on  the 
dorsal  side  of  the  vascular  bimdles,  and  are  often  elongated  so  as  to  resemble 
canals.  Those  occurring  in  the  foliage-leaves  are  chiefly  marginal  in  position  ; 
more  rarely  they  are  distributed  over  the  entire  surface  of  the  leaf  (e.  g.  in  0. 
artiadaia,  Sav.  and  0.  hirta,  L.),  while  in  other  cases  again  (e.  g.  in  0.  ueppei) 
there  is  a  single  large  secretory  cavity  at  the  end  of  the  median  vein.  According 
to  Chauvel,  the  mode  of  development  of  these  glands  is  lysigenous  and  not 
sduzogehous,  as  was  formerly  stated.    Chauvel  failed  to  observe  a  lining  layer 


^  It  may  be  pointed  ovt  here  that  Hohnel  met  with  '  prismatic  crystals  of  oxalate  of  lime,  of 
ezoeptionally  luve  size  and  rhombic  in  section'  (presumably  also  styloids)  in  Churco  bark,  which  is 
imported  from  Chili  and  is  rich  m  tannin ;  this  baric  is  stated  by  Hohnel  and  Wiesner  to  be  derived 
fh»n  Oxalis  giganteaj  Bam.,  while  according  to  the  former  authority  its  structure  is  quite  identical 
with  that  of  the  cortex  of  0,  OrtgUHL  We  may  also  note  that  according  to  Knothe  tne  mesophyll 
of  OxaHs  articulaia^  Sav.  contains  *  t¥rin-crystals  of  calcium  sulphate  showing  the  well-known 
swallow-tail  form '  (probably  also  equivalent  to  styloids  of  calchmi  oxalate). 
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of  definite  epithelial  cells  in  the  secretory  cavities  as  described  by  Fredrikson. 
The  bnlb-scales  of  certain  species  otOxalis  contain  secretory  tells  side  by  side 
withsecretozy  cavities,  while  in  other  species  of  this  genus  secretory  cells  alone 
are  present  (Fredrikson).  Magnus's  statement  as  to  the  occurrence  of  anasto- 
mosing septate  laticiferous  tubes  in  the  root-tubers  of  Trofaeolum  brachyc^as. 
Hook,  and  T.  LeichUini,  Herb.  Kew,  still  awaits  confirmation.  In  Tropaedum 
majus,  L.  the  epidermis  on  both  sides  of  the  leaf  contains  tubular  cells,  which 
Irgang  describes  as  mucilage-cells.  Myrosin-cells  are  wanting  in .  Oxalis 
(CSauvd). 

Structure  of  the  Petiole.  According  to  Brunies,  medullary  vascular 
bundles  (with  central  phloem)  are  not  present  in  all  the  species  of  Pelargonium. 
In  Tropaeolum  the  petiole  contains  isolated  vascular  bundles.  In  Averrhoa, 
Biophytum,  Connaropsisy  Eichleria  and  Tropaedum  the  mechanical  tissue  is 
developed  in  the  form  of  a  sclerenchymatous  ring,  while  in  the  caulescent 
species  of  Oxalis  it  appears  as  bimdles  of  fibres  developed  in  relation  to  the 
individual  vascular  strands. 

For  the  systematic  anatomy  of  the  bulb-scales  of  Oxalis  see  Fredrikson, 
and  also  Chauvel. 

3.  Structure  of  the  Axis.  Amongst  the  woody  members  of  the  Order, 
Averrhoa,  ConnaropsiSy  Dapania  and  Eichleria  possess  pericyclic  groups  of  bast- 
fibres,  forming  a  more  or  less  closed  mechanical  ring.  Dapania  scandens  shows 
bands  of  secondary  hard  bast,  while  the  pith  of  the  same  plant  contains  cdls  of 
the  nature  of  bast-fibres. 

Development  of  hard  bast  in  the  pericycle  is  met  with  amongst,  the  her- 
baceous, forms  also  in  species  of  Biophytum,  HypseochariSy  Oxalis  and  Tropaeo* 
lum.    In  Tropaeolum  peregrinumj  L.  the  cork  arises  in  the  endodermis  (Magnus). 

Literature:  MoUer,  Gerberinden,  Berlin,  1880,  pp.  134-7  (Churco-bark). — Costantin,  Tiffes 
a^.  et  sont,  Ann.  sc.  nat,  s^r.  6,  t.  xvi,  1883,  p.  104  et  seq. — I^debnmd,  Sdiatzeinricht.  bd  den 
Oxa/iS'Zyneheln,  Ber.  deatsch.  bot.  GeaellsdL,  1884,  p.  108. — [Acqua,  in  Ann.  R.  1st.  bot.  Roma, 
1887.]— Aidrecht,  Extraflorale  Nekt.,  Diss.,  Ziirich,  1892,  p.  30  et  sea.  {Impatiens  glanduligtrd). — 
[Drobnig,  Wnrzel-Knollen,  Diss.,  Rostock,  1892,  p.  ^9  et  seq.  {Oxaliri^ — Gnignard,  Prindpes 
act,  Comptes  rendus,  Paris,  cxvii,  189$,  pp.  587  and  751  et  seq.— [Tognini,  Stomi,  Atti  1st, 
bot.  Pavia,  1894.] — Fredrikson,  Anatom.-syst.  Stud,  ofrer  Lokstammiga  OxoHs-vXxx,  Akad.  Afh. 
Upaala,  1894-5,  ^7  PP'»  1*^^*  ^~"- — ^Jonsson,  Anat.  Ban  d.  Bl.,  Acta  Univ.  Land,  xxxii,  3» 
189(5. — Magnus  Gust.,  Bdtr.  z.  Anat  der  Tropaeolaoeae,  Diss.,  Heidelberg,  1898,  50  pp. — 
Schwendener,  Gelenkpolster  von  Phaseoius  n.  Oxalis^  Sitz.-Ber.  Berliner  Akad.,  1898,  zil,  p.  176 
et  seq. — Spanjer,  Wasserapparate,  Bot.  Zeit,  1898,  i,  p.  54. — Bmnies,  Anat  d.  Geraniaceen-Bliitter, 
Diss.,  Breslan,  1000,  40  pp.,  i  Tab. — Bmnotte,  Rech.  embr.  et  anat  snr  qn.  esp.  ^Impatiens  et 
Tropaeolum^  These,  Paris,  1900,  178  pp.,  10 pi. — Kliem,  Regenerationsoig.,  Diss.,  Erlangen,  1900, 
p.  II. — Schleicfaert,  Xerophyten  bei  Jena,  Naturwiss.  Wo<£enschr.,  1900,  p.  449  (Geranium). — 
Tnnmann,  SekretdrUsen,  Diss.,  Bern,  1900,  p.  23. — [Arechavaleta,  FL  Urag.,  Ann.  Mas.  nac.  de 
Montevideo,  iii,  1901,  p.  189  et  seq. ;  dted  from  Chauvel.] — ^Haberlandt,  Sinnesomne,  iQO'i  P-  ^^ 
et  seq. — ^Molisch,  Milchsaft  a.   &:hleimsaft,   1901,  p.   14. — Pitard,  P^cycle,  Th^,  Bordeaux, 

1901,  pp.  48,  50,  and  75. — Barpgli-Petmcd,  Legnami,  Malpighia,  1902,  p.  3^3  {Connatypsis). — 
Bnchenan,  Tropaeolaceae,  in  Pnanzenreich,  Heft  10,  1902,  pp.  4,  5. — [Fenida,  Corposcoli  resinori 
colorati  nell'  Oxa/is  esotiche^  Riv.  ItaL  Sc.  nat,  1902,  pp.  52  and  83;  abstr.  in  Bot  Centralbl., 
xdii,  p.  337.] — Hohlke,  in  Beih.  bot  Centralbl.,  xi,  1902,  p.  42. — ^Irgang,  Saftausschdd.  Elem.  n. 
Idiobusten  bd  Tropaeolum  fttaius,  Sitz.-Ber.  Wiener  Akad.,  cxi,  Abt.  i,  1902,  9  pp.,  i  Tab. — 
Knothe,  Unbenetzb.  Blatter,  Diss.,  Hddelberg,  1902,  pp.  10,  11. — Knnth,  Gerautumf  in  Engler, 
Bot  Jahrb.,  xxxii,  1902,  p.  100  et  seq.— [Preston,  in  Bot  Gaz.,  xxxiii,  1902,  pp.  150-4 ;  abstr.  in 
Bot  Centralbl.,  Ixxxix,  p.  516.] — [Ramaley,  Trich.  stmct.  of  Erodimm  cicutarium,  Bot.  Gaz.,  xxxiii, 

1902,  pp.  i40-2.]~Chauvel,  Rech.  sur  la  fam.  des  Oxalidac^es,  Th^se,  Paris,  1903,  205  ppw — [Van 
Tieghem,  in  Bull.  Mas.  d*faist  nat,  ix,  1903,  p.  287.] — Col,  in  Ann.  sc.  nat.,  s^.  8,  t  xx,  1904, 
pw  i28.--[DoTe^  Et  bot.,  chim.  et  phann.  de9  GeraniMm  atitntticHm  jsl  G.  macukUum,  Th^, 
Toulonse^  1904.] — Haberlandt,  lichtsinnesorg.,  1904,  p.  112  et  seq.,  and  Tab.  iii.— Siissengath, 
Behaarungsverh.  d.  Wilrzb.  Musdielkalkpfl.,  Diss.,  Wiirzbaig,  1904,  p.  24.— Theorin,  Vilxttrichom., 
Arldv  fSr  Bot.,  iil,  n.  5, 1904,  p.  ii ;  see  also  loc.  dt,  iv,  n.  18, 1905,  p.  7. — ^Netolitzky,  Dikotylcnbl. 
(Rhaphiden),  1905,  p.  33. — ^Porsch,  Spaltoffnongstypns,  Jena,  1905,  pp.  117-19  ^^  "^^^  ^'^' — 
Sazton,  Rech.  txf,  sur  I'anat.  des  pi.  afimes,  Ann.  sc.  nat,  wtt.  9,  t  ii,  1905,  pp.  33  and  95  et  seq. 
{Geramum), — [Holtermann,  Einnuss  d.  Klimas,  1907,  p.  217  {JfmpaHem  macripAyila),'\ 
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RUTACEAE  (pp.  174-182). 

1.  The  following  special  characters  may  be  added  to  the  Review  of  the 
Anatomical  Features  :  glands,  which  do  not  project  in  the  form  of  hairs,  in 
certain  species  of  Borania ;  sphaerocrystalline  masses  of  varying  chemical 
composition  (partly  hesperidin) ;  branched  sclerenchymatous  cells  (species  of 
Boronia)  and  enlarged  terminal  tracheids  {PhebaUum)  in  the  mesophyU  ;  groups 
of  fibrous  cells  situated  in  the  pith  of  Evodia  fraxinifolia.  Hook,  f .  The  ordinary 
clothing  hairs  are  unicellular  or  uniseriate.  In  a  few  members  of  the  Order 
additional  records  of  the  differentiation  of  epidermal  papillae  or  of  the  pre- 
sence of  hypoderm  in  the  leaf  have  recently  been  published. 

2.  Structure  of  the  Leaf.  Schulze  has  recently  investigated  the  struc- 
ture of  the  leaf  in  a  large  number  of  genera  K  The  subsequent  description  is 
based  on  his  work,  as  well  as  on  the  remaining  papers  cited  below.  Epidermal 
cells  with  mucilaginous  inner  membranes  have  been  recorded  in  certain  species 
of  Acmadenia,  Aaenandra^  Agathosma^  Barosma,  Coleonema,  Dtostna,  Emplmrum^ 
Flindersia^  Macrostylis,  Phdhdendron^  Skimmia,  Toddalia  and  ZatUhoxylon. 
Hesperidin  is  not  only  found  in  the  epidermis  of  the  species  of  Barosma^  for, 
according  to  Schulze,  it  occurs  in  the  same  position  also  in  Agathosma  hiophyUay 
£.  et  Z.,  Calodendron  capense^  Thunb.,  Dictamnus  FraxineUay  Pers.,  EnMeutum 
ensatum,  E.  et  Z.,  Ptetea  trifoliaia,  L.,  Skimmia  japonica,  Thunb.,  toddalia 
acideaia.  Lam.,  Zanthoxylon  fraxineum^  Willd.  and  Z.  Pterota,  H.  B.  K.,  and, 
according  to  Duval,  in  Pilocarpus  Goudottanus^  Tul.,  P.  pennatifMus,  Lem., 
P.  trachylophus,  Hemsl.  and  Zanthoxylon  degans,  Engl.  According  to  Schulze, 
as  may  be  pointed  out  here,  the  sphaerocrystalline  masses,  observed  by  Schaars- 
schmidt  in  alcohol-material  of  Kuia  (Haplophyllum)  Biebersteinii^  Neilr.,  and 
regarded  by  him  as  inulin,  consist  neither  of  inulin  nor  of  hesperidin  ;  Geiger  also 
states  that  the  crystalline  aggregates,  which  are  found  in  the  epidermal  cells 
of  Pilocarpus  trachyphyllus,Ho]m€s  and  other  species  of  this  genus  (also  P. 
pennatifolius^  Lem.)  and  which  have  a  tufted,  rayed  or  racemose  structure, 
cannot  with  certainty  be  regarded  as  consisting  of  hesperidin.  In  Eriostemon 
saHdfoliuSy  Sm.  the  upper  epidermis  consists  locally  of  two  layers.  Hypoderm 
is  found,  according  to  Duval,  in  Pilocarpus  giganteus,  Engl,  (composed  of  2-3 
layers),  P.  Goudotianus,  Tul.  (one  layered)  and  P.  lalifolius,  St.  Hil.  (1-2  layers), 
and,  according  to  my  own  observation,  in  Pagetia  medicinalis^  F.  v.  M.  (one- 
layered)  ;  it  occurs  also  in  the  neighbourhood  of  the  larger  veins  in  Evodia 
obtusifolia,  DC.  ?  and  in  the  petiole  of  Ruia  graveolens^  L.  Papillose  differentia- 
tion of  the  epidermal  cells  has  been  observed  also  in  Boenningnausenia  aibiflora, 
Rchb.  (on  both  sides  of  the  leaf)  and  Eriostemon  saHcifoHus^  Sm.  (only  on 
the  upper  side) ;  according  to  Duval  (loc.  cit.,  pp.  119  and  37  et  seq.)  and 
other  authorities,  it  is  found  in  species  of  Pilocarpus  as  well.  In  Adenandra 
the  cuticle  exhibits  slight  papillose  irregularities.  Schulze  states  that  the 
upper  epidermis  in  Murraya  exotica,  L.  contains  peculiar  groups  of  small  cells, 
and  that  below  these  groups  the  palisade-tissue  is  more  strongly  developed. 
The  stomata  are  more  commonly  found  only  on  the  lower  side  of  the  leaf 
than  on  both  sides.  In  most  cases  they  are  uniformly  distributed  over  the 
entire  surface,  but  exceptions  to  this  rule  are  furnished  by  Acmadenia  and 


^  vis.  Ciuparicae:  Almeidia^  ErythrockUon^  Rama\  Rnteae:  Ruta,  Boenmnghamsema, 
Dictamnus  \  Dtotmeae:  Caiodendrm,  Macrwiylis^  Dicsma,  Coleonema,  Acmadenia,  Adenandra, 
Barosma,  Agathatma,  Empltttrum ;  Boronieae :  Zieria,  Boronia,  Eriostemon^  Phebalium,  Coma  ; 
Zanthozyleae:  Evodia,  Choisya,  Zanthoxylon,  Piiocarpus;  Toddalieae:  Toddalia,  PJUUodendroHy. 
PUlea,  Skimmia;  Avruitieae:  Murraya,  Paramignfo,  Citrus;  also  the  genus  F/indersia,  which 
was  formerly  placed  amongst  the  Meliaceae. 
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CoUonefna^  in  which  they  are  confined  to  a  narrow  median  zone  on  both  sides 
of  the  leafy  and  by  Macrostylis^  in  which  they  occur  only  on  two  narrow  strips, 
situated  to  the  right  and  left  of  the  midrib  on  the  lower  surface  of  the  leaf. 
Schulze  describes  the  occurrence  of  subsidiary  cells  to  the  stomata  in  the 
following  species  :  CUrus  irifoliaiay  L.  (4-5  subsidiary  cells),  Eriosteman  buxi" 
f alius,  Sm.  (1-2  subsidiary  cells  on  either  side  of  the  pore  and  placed  parallel 
to  it),  Crawea  saligna  (two  or  more  distinct  subsidiary  ceUs  occasionally  present), 
Murraya  exotica^  L.  (4-5  subsidiary  cells).  Pilocarpus  pennaUfolius,  Lem.  (5  sub- 
sidiary cells),  Paramignya  sp.  (4-5  subsidiary  cells),  Ravia  resinosa,  Nees  et 
Mart.  (2'4  subsidiary  cells),  Skimmia  japonica^  Thunb.  (subsidiary  cells  arranged 
to  form  a  rosette).  The  stomata  of  ErytkrochiUm  brasiliense^  Nees  et  Mart* 
require  special  mention ;  in  this  species  there  is  a  single  neighbouring  cell 
situated  on  either  side  of  and  parallel  to  the  pore,  while  in  surface- view  a  narrow 
crescent-shaped  area,  which  is  faintly  rose-coloured,  is  superposed  on  each 
guard-cell ;  the  latter  phenomenon  is  due  to  interference  of  light  causing  the 
cell-membranes,  which  are  thin  at  these  points,  to  appear  red.  The  meso* 
phyll  is  bifacial  or  centric.  In  the  leaves  of  Agathosma  lediformis,  E.  et  Z., 
which  are  adpressed  to  the  axes,  the  mesophyll  exhibits  an  inversion  of  the 
ordinary  anatomical  structure,  since  the  palisade-tissue  situated  on  the  mor- 
phologically lower  side  is  more  strongly  developed  than  on  the  upper  side. 
Schutee  met  with  branched  sclerenchymatous  cells,  generally  developed  in 
relation  to  the  terminations  of  the  veins,  in  Baronia  crenulata^  Sm.,  B.  elatior, 
Bartl.,  B.  ledifoUa^  Gay,  and  B.  serrukUa^  Sm. ;  enlarged  terminal  tracheids 
have  been  observed  in  Pkebalium^  and  stone-cells  in  the  conjunctive  paren- 
chyma of  the  principal  veins  in  Almeidea  rubra^  St.  Hil. 

Our  knowledge  as  to  the  mode  of  deposition  of  oxalate  of  lime  has  been 
extended  by  the  following  additional  facts.  Solitary  crystals  occur  in  the 
epidermis  of  the  leaf  in  Flindersia  australis,  R.  Br. ;  the  epidermal  cells  in  this 
case  either  contain  a  single  crystal  inserted  in  the  thickened  wall  or  undergo 
subdivision  by  irregularly  orientated  walls  into  a  number  of  chambers,  each 
of  which  includes  a  crystal.  On  the  other  hand,  according  to  the  investigations 
of  Pfitzer  and  Guttenberg  the  well-known  crystal-celk  of  Citrus  (see  also 
Penzig,  loc.  cit.),  which  are  met  with  in  surface  sections  of  the  leaves,  are  not, 
as  stated  on  p.  176,  epidermal  structures,  but  belong  to  the  ^ound  tissue ;  it  is 
only  in  the  course  of  subsequent  growth  that  they  push  their  way  between  the 
epidermal  cells.  Crystal-ceUs  occupj^g  the  same  position  as  those  of  Citrtis  are 
found  also  in  Atalantia  buxifolia  and  Paramignya  sp.  According  to  Geiger 
(see  also  Duval),  features  characteristic  of  (perhaps  all)  the  species  of  the  genus 
Pilocarpus  are  the  occurrence  of  transversely  septate  palisade-cells  with 
clustered  crystals  in  the  chambers,  and  the  blocking  up  of  the  respiratory 
cavities  by  small  cells  containing  clustered  crystals  of  oxalate  of  lime. 

The  following  features  have  been  recently  observed  in  connexion  with  the 
trichomas.  ErytkrochiUm  brasiliensiSf  Nees  et  Mart,  has  unicellular  glandular 
hairs,  which  are  commonly  situated  above  the  secretory  cavities  and  have 
a  spherical  sha|>e.  External  glands  with  a  clavate  or  spherical  multicellular 
head  are  found  in  Choisya  temata,  Kth.,  EserAeckia  febrifuga^  Juss.  (according 
to  Duval),  Monniera  trifolia^  L.  (according  to  Duval),  Peganum  Hartnala,  L., 
species  of  Pilocarpus,  Zanthoxylon  Pteroia,  H.  BT  K.  and  other  species  of  this 
genus,  and  Zieria  lanceolata,  R.  Br.  We  may  class  with  the  glandular  hairs 
the  glandular  structures,  commonly  found  on  the  lower  side  of  the  leaf  in 
Boronia  crenulata,  Sm.,  although  only  of  isolated  occurrence  in  B.  elatior,  Bartl. ; 
these  glands  are  not  however  differentiated  as  hairs,  being  even  slightly  sunk 
below  the  surface.  In  surface  sections  they  appear  as  small  round  areas, 
composed  of  a  small-celled  tissue  and  surrounded  by  a  rosette  of  4-5  narrow 
epidermal  cells.    In  transverse  sections  of  the  leaf  these  glands  exhibit  a  thick 
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outer  wall  with  a  subjacent  secretory  tissue  consisting  of  2-3  layers  of  palisade- 
like  cells  with  thin  walls,  and  below  that  2-3  further  layers  of  rounded  cells 
with  slightly  thickened  walls. 

Schulze  records  stellate  hairs  also  in  Boronia  ledifolia.  Gay  and  Crowea 
saligna^  Sm.,  while  those  found  in  species  of  Correa  and  Zieria  have  been  sub- 
jected to  detailed  examination  by  the  same  investigator ;  in  Crowea  saligna 
the  hairs  are  of  such  small  dimensions  that  the  surface  of  the  leaf  appears  smooth. 
The  ordinary  clothing  hairs  are  unicellular  or  uniseriate  ^ 

In  many  of  the  genera  Haberlandt  has  demonstrated  a  special  mechanism 
in  the  secretory  cavities  *  serving  the  purpose  of  excretion.  The  glands  are 
provided  with  two  or  more  (mostly  four)  epidermal  cells  of  pecuhar  shape, 
which  are  differentiated  as  lid-ceUs,  and  the  lateral  walls  of  which  are  specially 
modified.  The  turgescence  of  the  cells  forming  the  wall  of  the  gland,  ana 
the  consequent  pressure  exerted  on  the  secretion,  together  with  movements 
resulting  in  the  bending  of  the  leaf-surface,  lead  to  the  formation  of  clefts 
between  the  lid-cells,  through  which  emission  of  the  secretion  takes  place. 
According  to  Schulze,  however,  the  Ud-cells  are  not  present  in  all  the  members 
of  the  Order  investigated  by  him.  As  regards  the  distribution  of  the  secretory 
cavities  we  may  first  notice  that,  according  to  Pierre,  they  occur  also  in  Thora- 
dora  cochinchinensisy  Pierre.  Schulze's  statement  that  Zanthoxylon  (Fagara) 
Pterota  has  no  secretory  cavities  and  only  possesses  secretory  cells  requires 
some  modification,  the  secretory  cavities  in  this  species  being  confined  to  the 
notches  between  the  leaf-teeth ;  the  secretory  cells  are  found  both  in  the 
bast  and  in  the  conjunctive  parenchyma  of  the  veins.  Schulze  again  discusses 
the  question  whether  the  secretory  structures  found  in  Pagetia  are  of  the  nature 
of  cavities  or  cells,  and  in  this  relation  I  may  mention,  that  I  have  recently 
investigated  an  original  specimen  of  P.  medicinalis,  F.  v.  M.,  and  that  it  possesses 
secretory  cavities  and  no  secretory  cells  '. 

In  most  of  the  species  examined  by  Schulze  the  petiole  contains  a  ring  of 
wood  and  bast. 

3.  Structure  of  the  Axis.  The  description  of  the  structure  of  the 
cortex  requires  the  followin£[  additions.  The  cork  arises  in  the  subepidermal 
layer  in  Pilocarpus^  and  not  in  the  epidermis,  as  was  formerly  stated  (Geiger) ; 
cork-development  also  takes  place  subepidermally  in  Murraya  exotica  (Laborde). 
The  cells  of  the  cork  are  thin  in  Galij>ea  and  Cusparia,  while  in  Esenbeckia  the 
inner  tangential  walls  are  strongly  thickened  (Gamper) ;  Toddalia  has  cork- 
cells  thickened  in  the  form  of  a  horseshoe  (Bocquillon).  The  hteratiu-e  cited 
below  also  furnishes  additional  data  on  the  occurrence  of  stone-cells  and  of 
secondary  hard  bast.  The  presence  of  groups  of  fibrous  cells  in  the  pith  of 
Evodia  fraxinifolia,  Hook.  f.  requires  special  mention  (Bocquillon). 

Bocquillon's  paper  contains  a  few  important  facts  about  the  secretory  re- 
ceptacles found  in  the  axis.  Secretory  cavities  are  present  in  the  pith  also  in 
Evodia  fraxinifolia.  Hook,  f.,  Toddalia  ocu/^ato,  Pers.,  T.  paniculata.  Lam.  and 
Zanthoxylon  hyemale,  St.  Hil.  The  *  lacunes '  recorded  in  the  primary  cortex  in 
certain  species  of  Zanthoxylon,  and  the  '  larges  lacunes  '  found  in  the  wood  in  Zan- 
thoxylon  Budrunga,  Wall,  are  no  doubt  in  view  of  my  earlier  statements  (p.  1 8 1 )  of  the 
nature  of  mucilage-spaces.     The  '  glandes  ol6if^res,'  stated  to  occur  in  the  bark  in 


^  Dnval's  statement  (loc.  dt.,  p.  119,  cf.  p.  37)  as  to  the  occurrence  of  multiceUalar  clothing 
liairs  in  Pilocarpus  pmnatifohus^  Lem.,  and  P,  Selloanus,  Engler,  is  no  doubt  only  a  misprint. 
Uniseriate  clothing  hairs  are,  however,  found  in  this  Order,  e.  g.  in  species  of  Mtmniera  and 
Zanthoj^long 

'  Secretoiy  cavities  have  not  been  observed  in  the  root  of  the  Rutaoeae  (Van  Ti^hem). 

*  The  statements  published  by  Tschiidi's  pupils  (recently  Stepowski,  and  formerly  Becheraz  and 
Sieck)  as  to  the  occurrence  of  medullary  resin-canals  in  Amyris  balsami/era  probably  depend  on 
iacorrect  determhiation  of  the  material  used  for  the  investigation. 
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aiany  specieSt  probably  in  all  cases  represent  oil-cells ;  tbe  statement  as  to  the 
pesence  of  secretory  cavities  in  the  bast  in  Zanthoxylon  PenkMome^  DC.  is  certainly 
incorrect.  What  Bocquillon  means  by  '  nodules  s6cr6teurs/  described  as  occurring 
in  the  pith  in  Z.  Tingoassuiba^  St.  lul,  and  Z.  alatum^  Roxb.,  must  be  made  the 
subject  of  further  investigation. 

For  the  stnictnre  of  the  spines  occurring  in  the  species  of  Zanthoxylon, 
see  Barber,  Bocquillon,  Lothdlier  and  Mitlacher ;  these  spines  subsequently 
become  elevated  on  a  corky  excrescence,  which  undergoes  continual  increase 
in  ^th  at  its  base  (the  same  phenomenon  moreover  is  met  with  also  in  Tod- 
dalia  acuUaia),  The  structure  of  the  leaf -spines  of  Citrus  is  dealt  with  by  Mitt- 
mann,  that  of  the  stem-spines  of  Madura  by  Loth61ier. 

Regarding  the  occurrence  of  a  '  r&eau  de  soutien  '  in  the  subepidermal 
layer  of  the  root  in  Choisya  ternata,  see  Boudouresques,  loc.  cit. 

Literature:  Penzig,  Apparecchi  illnminat.,  Atti  Soc.  dei  Naturalisti  di  Modena,  Rendiconti, 
1884,  pp.  io6-ia. — [SemenoWyPemambaco-TaborandiyZeitschr.d.Pharm.,  1888,  P-^;.] — Mittmann, 
Anat.  d.  Pflanzengtach.,  Verh.  bot  Ver.  Aandenborg,  1889,  P*  5^* — ^*  ^^  Candolle,  Infloresc. 
^iphylle%  M^m.  Soc.  de  phys.  et  dliiat.  nat  Geneve,  1890,  vol.  suppl.,  aep.  copy,  p.  34  et  seq. — 
BarbeTi  Coricyezcresc  onstemsof  Zoiv/ibr^/m,  Add.  of  Bot,  vi,  1893,  pp.  1 54-60  aod  PI.  vii,  yiii — 
Lothelier,  Epines,  Thte,  Paris,  1893,  pp.  15,  30  and  34. — [Tognini,  Stomi,  Atti  1st.  bot.  Pavia, 
1894.]— Bondonresqucs,  Choisya  temaia,  Thiws,  Montpellier,  1895,  pp.  26-37. — ^eigt,  Rabelaisia' 
Rinde,  Diss.,  Erlaogeo,  1895,  pp.  17-22  and  a  Tab. — Zenetti,  Hesperidin  in  Folia  Bncco,  Arch.  d. 
Pham^  189^,  pp.  104-10,  a  Tab.  (incorrect  interpretation  of  the  gelatinized  epidermis  in  the  leaf). — 
Knohlineh,  bkolog.  Anat  etc,  Habilitat-Schr.,  TUbingen,  1896,  p.  15  et  seq. — Pierre,  Flore  forest, 
de  la  Cochinchine  xxii,  1896  {Thoreldora). — Elfstrand,  Heilpfl.,  Ber.  dentsch.  pharm.  Gesellsch.. 
18971  p>  303  (Jaborandi). — [Dohme,  Hist,  and  pharm.  of  Bachu  leaves,  Druggist's  Circ.  and 
Chem.  Gazette,  1897,  n.  7 ;  after  Bot  Centi^^lbl.,  1898,  ii,  p.  93 ;  contains  an  incorrect  interpretation 
of  the  gelatinized  epidennis.]— Laboide»  Et  bot.  et  chim.  des  Murraya  exotica  et  M,  Koenigii^ 
These,  Tonlonse^  1897,  pp.  ao-j. — [Schneider,  The  offic.  Jaborandis,  Jouni.  of  PharmacoL,  x,  1897, 
ii,  n.  6;  after  Bot  Centralbl,  Beihefte,  vii,  p.  518;  and  Just,  1897,  p.  97.]— Schnbert,  Paren- 
cfaymscheiden,  Bot.  Centralbl.,  1897,  iv,  p.  16. — [Zancla,  Aculei,  Contribuz.  1st.  bot.  Palermo,  ii, 

1897,  p.  I  et  seq.]— Geiger,  Jaborandi-Bl.,  Diss.,  Ziirich,  1898,  74  pp.,  3  Tab.— Haberlandt, 
Entleeningsapp.  der  inneren  Driisen  einiger  Rutaceen,  Sitz.-Ber.  Wiener  Akad.,  ,Bd.  cvii,   Abt.  i , 

1898,  pp.  1331-46  and  a  Tab.;  see  also  Bot  Centralbl.,  1899,  i,  p.  363 ;  and  Ost  Bot  Zeitschr., 

1899,  p.  117. — Kohne,  Papill.  u.  obersdt.  Spaltoifn.,  Mitteil.  dentsch.  dendrolog.  Gesellsch.,  18^9, 
p.  «8. — Gamper,  Angosturarinden,  Diss.,  Zurich,  1900,  p.  16  et  seq.  and  Tab.  i-ii ;  see  also  Hartwidi 
and  Gamper,  in  Arch.  d.  Pharm.,  336,  1900,  p.  508. — Kearny,  in  Contrib.  U.  S.  Nat.  Herb.,  v,  5, 

1900,  p.  395.— Pantanelli,  Anat  fis.  delle  Zygophyllacee,  1900,  pp.  165-74  {P^gO'nuni),-~'^^wxpL^oiiy 
Et  bot.  et  pharm.  des  Xanthoxylees,  Th^se,  Paris,  1901,  138  pp.,  4  pi.— [Millacher,  Vergl.  Anat. 
einiger  Rutaceen-Rinden,  Zeitschr.  allg.  ost.  Apothek.-Ven,  1901,  p.  235  et  seq. ;  after  Bot  Centralbl., 
Izxzix,  p.  334.]--Pitard,  P^cyclc,  These,  Bordeaux,  1901,  p.  71.— Bouygues,  Petiole,  Th^e,  Paris, 
1902,  p.  13.— Gnttenberg,  Krystallz.  im  BI.  von  Citrus,  Sitz.-Ber.  Wiener  Akad.,  Bd.  xci,  Abt  i, 
looa,  pp.  855-73  and  Tab.— Knothe,  Unbenetzb.  Bl.,  Diss.,  Heidelberg,  1903,  p.  9.— Ponlsen, 
Bladinitl.  hos  ErythrockiUm  brasiliensty  Vidensk.  Meddelels..  Kjdbenhavn,  1902,  pp.  339-43. — 
H.  Schulze,  Beitr.  z.  Blattanat.  d.  Rutaceen,  Diss.,  Heidelberg,  1902,  50  pp.,  2  Tab.  (sep.  copf  from 
Beih.  Bot.  Centralbl.,  xii,  1902,  p.  55). — Widera,  Phannakogn.-chero.  Stud.  Uber  die  Verbreit.  des 
Berberins,  tnsb.  in  der  Gatt.  Zanthoxylon,  Diss.,  Strassburg,  1902,  p.  54  et  seq.-^Achner,  Falsche 
Chinarinden,  Diss.,  Bern,  1904,  p.  81. — Duval,  Jaborandis,  1905, 130  pp.,  10  pi.,  in  Perrot,  Travaux, 
iii,  1906. — Stepovrski,  Veg.  Org.d.  Burserac  etc..  Diss.,  Bern,  1905,  p.  47  et  seq. — Piccioli,  Legnami, 
BnU.  Siena,  x^,  p.  135.— [For  additional  literature,  see  p.  11 73.] 


SIMARUBACEAE  (pp.  182-188). 

I.  In  the  Review  of  Anatomical  Features  a  number  of  corrections  and 
additions  are  made  necessary,  chiefly  by  Jadin's  comprehensive  paper  '.  The 
following  special  types  of  stomatal  apparatus  have  recently  been  recorded : 


*  Jadin's  investigations  deal  with  the  structure  of  the  leaf  and  axis  in  the  following  genera : 
Quassia,  Simaba,  Hannoa,  Mannia,  Simaruba,  Ailanthus,  Samadera,  Hyptiandra,  Casteia,  Jfcia- 
cantha,  Picrasma,  Brucea,  Picrolemma,  Eurycoma,  Cadelliay  Suriana,  Soulatma,  Amaroria, 
Irvingia,  Kirkia,  Harrisoniay  Picrclla,  Picrafnniay  Picrodendron,  as  well  as  Aharadoa,  Klaifudoxa, 
Oldy^tdea,  and  Picrocardia\  in  Amaroria  the  leaf  only  was  examined. 
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stomata  with  subsidiary  cells,  placed  parallel  to  the  pore  (Castela,  Itvingia^ 
KlainedoxOj  Picrodendron) ;  stomata  with  3-5  neighbouring  cells  resembling 
subsidiary  cells  (Suriana) ;  and  stomata  arranged  in  groups  (Castda^  Soulamea). 
Suriana  constitutes  an  exception  as  regards  the  mode  of  development  of  the 
corky  the  phellogen  in  this  genus  arising  in  the  inner  part  of  the  pnmary  cortex. 
A  composite  and  continuous  ring  of  sclerenchyma  m  the  pericyde  is  present 
also  in  Rigiostachys  and  Samadera  Harmandii^  Pierre ;  in  the  genera  Irvingia, 
Irvingella,  Desbordesia  and  Klainedoxa,  which  belong  to  the  Irvingieae,  there 
is  a  similar  ring,  which  differs  however  in  including  sclerosed  parenchymatous 
cells  exhibiting  U-shaped  thickening  ;  Casiela  has  a  fairly  contmuous  and  com- 
posite ring.  Secondary  hard  bast  is  of  frequent  occurrence.  In  Guilfoylia 
the  walls  of  the  vessels  bear  simple  pits  in  contact  with  parenchyma  of  the 
medullary  rays  ;  in  Rigiostachys,  as  well  as  in  BrunelUa  and  Neopringka,  some 
of  the  wood-fibres  are  septate.  Jadin  records  the  occurrence  of  resin-canals 
at  the  periphery  of  the  pith  also  in  Eurycoma,  Hannoa  and  Oldyendea. 

Uniseriate  clothing  hairs  are  found  side  bv  side  with  the  unicellular  hairs. 
The  deposition  of  oxalate  of  lime  in  the  special  form  of  small  crystals  of  varied 
shape,  which  are  situated  in  the  mesophyU  or  in  the  epidermis  of  the  leaf»  is 
met  with  also  in  the  genera  of  the  Sunaneae  (CadeUia,  Guilfoylia^  Rigiostachys 
and  Suriana).  Resin-cells  have  been  demonstrated  also  in  species  of  Irvingia 
and  in  Oldyendea,  as  well  as  in  the  genus  Chamaelea  (Cneorum  pulverulentum. 
Vent.),  which  Van  Tieghem  rightly  separates  from  Cneorum.  Mucilage-cells 
or  spaces  are  of  general  distribution  in  the  genera  of  the  Irvingieae  {Irvingia, 
Irvingella,  Desbordesia  and  Klainedoxa),  and  in  the  new  genus  Perrierea,  which 
is  closely  related  to  Picrasma.  Other  specially  noteworthy  features  are  as 
follows  :  The  vertical  transcurrence  of  the  smaller  veins  of  the  leaf  in  Irvingia, 
Klainedoxa  and  Picrodendron ;  the  extrafloral  nectaries  on  the  petiole  in 
CadeUia,  and  on  the  midrib  and  occasionally  on  both  surfaces  of  the  leaf  in 
Samadera ;  the  heterogeneous  pith  found  in  Harrisonia ;  the  subepidermal 
groups  of  fibrous  cells  m  the  stem  of  the  leafless  genus  Holacantha  ;  and  the 
cristarque  '-cells  situated  in  the  primary  cortex  in  the  genera  of  the 
Irvingieae. 

2.  Structure  of  the  Leaf.  In  most  cases  the  leaf  is  bifacial  in  structure, 
rarely  (AUarUhus  excelsa,  Roxb.,  Chamaelea  pulverulenta,  V.  T.  and  Suriana 
maritima,  L.)  centric.  Papillose  differentiation  of  the  lower  epidermis  is 
found  in  the  following  additional  species  :  Ailanthus  Fauveliana,  Pierre, 
A.  imberbifolia,  F.  v.  M.,  A.  malabarica,  DC,  Eurycoma  longifolium.  Jack, 
Irvingia  Oliveri,  Pierre  {^Irvingella  Oliveri,  V.  T.),  Kirkia  Wiliiamsii,  Engl., 
Oldyendea  gabonensis,  Engl.,  O.  Klaineana,  Pierre,  and,  according  to  Van 
Tieghem,  quite  generaiUy  in  Desbordesia  and  IrvingeUa.  (jelatini2ation  of  the 
epidermis  of  the  leaf  no  doubt  occurs  in  a  relatively  large  nrmiber  of  genera, 
e.  g.  in  Castela  erecta,  Turp.  (Borgesen  and  Paulsen)  and  in  the  four  genera  of 
the  Irvingieae  (Van  Tieghem).  Unfortunately  Jadin  placed  an  incorrect 
interpretation  on  these  gelatinized  epidermal  cells,  as  is  clearly  shown  by  his 
statements  regarding  Picrocardia  resinosa,  Radlk.  and  by  his  figures;  he 
regarded  the  gelatinized  cells  as  divided  epidermal  cells  and  the  mucila^ous 
membranes  as  hypodermal  cells, — ^an  error  which  is  very  widespread  m  the 
literature  dealing  with  systematic  anatomy  (e.  g.  also  in  VignoU's  paper  with 
reference  to  Irvingia  Oliveri)  and  is  met  with  over  and  over  again.  Jadin's 
statements  as  to  the  occiurrence  of  tangential  division-walls  in  the  epidermis 
or  as  to  the  presence  of  hypoderm  in  species  of  Ailanthus,  Amaroria,  Castela, 
Hannoa,  Irvingia,  Kirkia,  Klainedoxa,  Oldyendea,  Picrocardia  and  Soulamea 
must  therefore  be  accepted  with  reserve  and  require  critical  revision.  The 
stomata  are  provided  with  subsidiary  cells  in  only  a  very  few  of  the  genera.  In 
Irvingia  tod  Klainedoxa  (but  not  in  IrvingeUa  and  Desbordesia),  as  well  as  in 
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Picrodendrofiy  the  stomata  have  sabsidiary  cells,  which  are  placed  parallel  to 
the  pore ;  according  to  Borgesen,  and  Paulsen  the  same  is  true  of  Castda.  In 
Swriana  there  are  3-5  neighbouring  cells  differentiated  like  subsidiary  cells. 
Stomata  are  found  on  both  sides  of  the  leaf  also  in  Chamadea  pulverulenta, 
V.  T.  and  Suriana  maritima,  L.  In  Castela  iepressa^  Turp.  each  group  of 
three  stomata  is  surrounded  by  four  or  five  neighoouring  cells  ;  in  most  of  the 
species  of  Soulatnea^  if  I  understand  Jadin  rightly,  the  stomata  are  arranged 
in  ^oups  (stomates  .  .  .  r6unis  en  plages  avec  5  ou  6  cellules  de  bordure '), 
whilst  in  5.  Pancheri^  Brongn.  et  Gns  they  are  contained  in  pits,  like  those  of 
Nerium,  Jadin  has  recently  observed  spicular  cells  in  the  mesophyll  in  the 
following  additional  genera :  Hyptiandra^  Irvingia  and  Oldyendea  K  In 
Irvingia  gabonensis,  Baill.  occasional  cells  of  the  spongy  tissue  are  strongly 
thickened  and  differentiated  as  sclereids,  while  in  Castda  hmgifolia,  Gris  and 
C.  erecia^  Turp.  the  same  feature  is  shown  by  isolated  palisade  cells.  In  Irvine 
gella  (according  to  Van  Tieghem,  but  not  in  Irvingia,  V.  T.  em.),  Klainedoxa 
and  Picrodendron  the  smaller  veins  are  vertically  transcurrent  by  means  of 
sclerenchjrma. 

Regarding  the  mode  of  deposition  of  oxalate  of  lime  we  may  add  the  follow- 
ing information.  Small  crystalline  bodies,  sometimes  resembling  clustered 
crystals,  are  found  in  the  mesophyll  and  occasionally  in  the  epidermis  also  in 
the  remaining  Surianeae  {Suriana,  Cadellia,  Guilfaylia).  Relatively  lar^e 
idioblasts  occupied  by  solitaury  (e.  g.  in  Picramnia)  or  clustered  crystals  (e.g.  m 
Brucea)  are  frequently  present  in  the  mesophyll.  In  addition  to  the  unicellular 
clothing  hairs  uniseriate  hairs  also  occur  in  this  Order  (e.  g.  in  Hyptiandra, 
Picrocardia  and  Soulamea),  while  in  CadMia  the  unicellular  hairs  are  accom- 
panied  bv  bicellular  trichomes  with  a  short  basal  cell.  Unicellular,  two-armed 
clothing  hairs  having  the  shape  of  a  T  or  Y  are  found  only  in  Cneorum  pidveru- 
hntum  (^Chamadea  pulvendenia,  V.  T.),  C.  tricoccum  merely  having  ordinary 
unicellular  clothing  hairs.  The  only  additional  records  of  the  occurrence  of 
multicellular  external  glands  are  those  of  Brucea  sumatrana,  Roxb.  (according 
to  Jadin)  and  of  Cneorum  tricoccum,  L.  (according  to  Van  Tieghem).  In 
connexion  with  our  account  of  the  glandular  hairs  we  may  notice  the  extra^ 
floral  nectaries  (?)  found  on  the  petiole  in  Caddlia  pentastylis,  F.  v.  M.,  and 
appearing  to  the  naked  eye  as  callosities.  Their  epidermis  consists  of  narrow 
palisade-like  cells,  the  lumina  of  which  terminate  in  the  thick  outer  wall  in 
the  form  of  a  cone ;  beneath  the  epidermis  there  are  two,  or  in  the  middle 
of  the  nectary  three,  layers  of  cells,  exhibiting  greater  elongation  and  having 
thick  lateral  walls  which  are  yellow  in  colour.  The  nectaries  found  in  Samadera 
have  not  yet  been  subjected  to  a  close  examination  ;  they  occur  in  large  numbers 
on  both  surfaces  of  the  leaf  in  Locandi  {Samadera)  mekongensis,  Pierre  and 
Samadera  indica,  Gaertn.,  while  in  other  species  of  the  genus  two  of  them  are 
situated  on  the  midrib  on  the  lower  side  of  the  leaf. 

According  to  Jadin,  the  petiole  for  the  most  part  has  an  annular  fibrovascular 
system  which  frequently  (according  to  Jadin,  the  only  exceptions  are  Alvaradoa, 
narrisonia,  Irvingia,  Klainedoxa,  Picramnia  and  Picrodendron  •)  encloses  one 


^  The  species  in  which  spicnlar  cells  were  not  known  or  at  least  were  not  expressly  stated  to  be 
present  in  the  mesophyll  are  as  follows :  Hannoa  Klaifua$ia^  Pierre,  H,  unduUtta^  Planch. ;  H/pii- 
andra  BidwUHi,  Hook.  f. ;  Matmia  africana^  Hook.  f. ;  Oldyendea  Klaineana,  Pierre,  O.  gabmensis, 
£1^1. ;  Quassia  africana^  Baill. ;  Simaba  angustifolia^  Spmce,  5*.  Cedron,  Planch.,  S,  Crustacea, 
Engl.,  S.JhribuHda,  St  Hil.,  S/fbeiida^  Poepp.,  .S*.  glanduUfira,  Card.,  S,  insimis,  St  Hil.,  S,  obo- 
vata,  Eogl.,  S.  orinocensis,  H.  B.  K.,  S.  sa/uSris,  Engl.,  S,  subcymosa,  St  Hil.,  S.  Warmingiasta, 
Engl.;  Simaruha  floribunda,  St.  HiL,  5*.  officinalisy  Macf.,  S,  Tklae,  Urb.  According  to  Van 
Tieriiem,  Jadin's  statement  as  to  the  occniience  of  spicular  oells  in  Irvingia  Sarteri,  Hook.  f.  and 
/.  OHveri,  Pierre  is  incorrect. 

'  The  only  point  of  disagreement  with  the  above  facts  is  the  earlier  statement  (see  p.  184, 
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or  more  medullary  bundles.  The  species  with  medullary  resin-canals  in 
the  axis  sdso  have  them  in  the  same  position  in  the  petiole.  The  fibro- 
vascular  system  is  commonly  accompanied  by  pericycUc  hard  bast.  In  Sama- 
dera  (4  species)  a  characteristic  feature  is  the  occurrence  of  concentric  vascular 
bundles,  with  central  phloem  and  peripheral  xylem,  at  the  margin  of  the  pith. 
According  to  Van  Tieghem,  medullary  vascular  bundles  are  wanting  in  all  the 
genera  of  the  Irvingieae,  but  in  the  upper  part  of  its  course  the  closed  vascular 
ring,  formed  by  the  fusion  of  seven  or  more  isolated  vascular  strands  derived 
from  the  axis,  has  two  inversely  orientated  bundles  situated  in  the  peri- 
cyde.  Lastly,  according  to  my  own  investigation,  the  petiole  of  Surtana  con- 
tains only  a  single  arc-shaped  vascular  bundle,  while  m  Rigiostachys  there  is 
an  annular  vascular  system,  which  may  be  either  closed  or  open. 

3.  Structure  of  the  Axis,  with  regard  to  the  structure  of  the 
wood  we  may  add  that  in  Irvingia  gahonensis^  Baill.  it  shows  alternating 
zones  of  wood-fibres  and  wood-parenchyma  (Lecomte,  see  also  Van  Tieghem), 
that  in  IrvingeUa  and  Klainedoxa  the  wood-parenchjrma  is  rather  abundant 
(Van  Tieghem),  and  that  septate  wood-prosenchyma  occurs  also  in  Rigiostachys. 

According  to  Jadin,  the  species  investigated  by  him  also  for  the  most  part 
show  isolated  groups  of  bast-nbres  in  the  pericycle.  Jadin  distinctly  mentions 
the  occurrence  of  a  more  or  less  continuous  and  composite  ring  of  sclerenchyma 
in  the  following  additional  species  :  Castda  depressa^  Turp.,  Picramnia  venicosa^ 
Tul.,  and  Samadera  Harmandii,  Pierre ;  according  to  Van  Tieghen:i,  a  composite 
and  continuous  ring  of  sclerench3mia,  distinguished  by  the  inclusion  of  U-shaped 
sclerosed  cells,  occurs  in  the  four  genera  of  the  Irvingieae.  In  the  leafless 
species,  Holacantha  Emoryi^  A.  Gray,  hard  bast  appears  to  be  wanting  in  the 
pericyde  ;  instead  there  are  subepidermal  groups  of  fibres  with  intermediate 
assimilatory  tissue  of  the  nature  of  palisade.  The  pericycle  of  Rigiostachys 
contains  a  composite  and  continuous  ring  of  sclerenchyma,  which  spUts  open 
in  the  course  of  the  subsequent  secondary  growth.  Kegarding  the  pericycle 
of  AHanthus  glandtdosa  and  Simaruba  amara,  see  also  Pitard,  loc.  cit. 

As  a  rule  the  cork  arises  subepidermally ;  this  is  the  case  in  all  the  genera 
investigated  by  Jadin  with  the  exception  of  Suriana^  Amaroria  and  Sotdamea, 
in  the  genera  of  the  Irvingieae  (according  to  Van  Tieghem)  and  in  Rigiostachys, 
In  Suriana  the  cork  develops  in  the  inner  part  of  the  primary  cortex;  in 
Amaroria  and  Soulamea  its  place  of  origin  has  not  yet  been  determined.  Cork- 
cells  with  one-sided  or  U-shaped  thickening  (affecting  the  inner  tangential  walls) 
occur  in  Irvingia  and  have  also  been  observed  in  the  Asiatic  species  of  IrvingeUa 
and  in  Klainedoxa  TriUesii^  Pierre  (Van  Tieghem). 

The  primary  cortex  occasionally  contains  ordinary  stone-cells,  which  in 
Castela  and  Samadera  are  thickened  in  the  form  of  a  horse-shoe.  In  the  genera 
of  the  Irvingieae,  according  to  Van  Tieghem,  there  are  two  layers  of  what  he 
calls  *  cristarque  '-cells,  i.  e.  cells  which  mostly  exhibit  U-shaped  thickening, 
and  each  of  which  indudes  a  soUtary  crystal,  or  rardy  {Irvingia}  a  dustered 
crystal ;  one  of  these  layers  is  subepidermal  in  position,  the  other  is  endodermal. 
These  '  cristarque  '-cells,  it  may  be  added,  are  also  present  in  the  petiolar  tissue. 
Development  of  secondary  hard  bast  is  very  common,  although  rare  amongst 
the  Irvingieae.  Van  Tieghem  found  stone-cells  in  the  secondary  bast  in 
species  of  Desbordesia  and  Klainedoxa. 

The  structure  of  the  pith  in  Harrisonia  requires  special  mention.  The 
medullary  tissue  is  heterogeneous,  small  thick- walled  cells  being  distributed 
in  a  reticulate  manner  amongst  larger  cells  with  thin  walls. 


foot-note)  as  to  the  absence  of  mednllary  bandies  in  Brtuea ;  Jadin  did  not  investigate  the  petioles 
oi  Bruntilia,  Castela,  Dutyoicma  and  JPi^raena,  in  which  medullary  bandies  have  likewise  been 
prerioosly  recoxded  as  absent. 
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In  amplification  of  the  earlier  statements  r^arding  the  occurrence  of 
medullary  resin-canals  in  the  Simarubaceae  the  following  details  may  be 
quoted  from  Jadin's  work. 

^  Resin-canals  are  found  in  the  following  additional  species :  Ailanthus  caly- 
cindl  Pierre,  A.  excelsa^  Roxb.»  A.  Fauveliana^  Pierre,  A.  ifnberbi folia,  F.  v.  M., 
A.  nuUabarica^  DC. ;  Brucea  paniculata.  Lam.,  B.  sumafrana,  Roxb. ;  Etnycoma 
kmgifoliwmy  Jack  (in  opposition  to  Syst.  Anat.  p.  187) ;  Hannoa  Klaineana^  Pierre, 
H.  Mff^Wa/a,  Planch. ;  Oldyendea  gabonensis^  Pierre,  O.  Klaineanay  Pierre ;  Picrasma 
ailanihoides^  Planch.,  P.  javanica,  BL,  P.  nepalensis^  Benn,  P.  quassioides,  Benn., 
P.  TweediU  Planch. ;  Simaba  angustifoliay  Spruce,  5.  flaribunda,  St.  Hil.,  5.  glan- 
dulifera^  Gardn.,  5.  insignis,  St.  HiL,  5.  obovata,  Engl.,  5.  annocensis,  H.  B.  K., 
5.  suboymosa,  St.  HiL,  5.  suffruHcosa,  Engl,  (contrary^  to  Syst.  Anat.,  loc.  dt.) ; 
Saulamea  amara^  Lam.,  5.  eiegans,  Vieill.,  5.  Mulleri,  Brongn.  et  Gris,  5.  Pancheri, 
Brongn.  et  Gris,  5.  tomentosa,  Brongn.  et  Gris,  5.  trifolitUa,  BailL  On  the  other 
hand,  Jadin  did  not  meet  with  resin-canals  in  the  genera  Alvaradoa,  Cadellia,  Castela, 
Harrisonia,  Holacantha,  HypHandra,  Iruingia,  Kirkia,  Klainedoxa,  Mannia,  Picram- 
nia^  Picrella,  Picrodendron,  Quassia,  Samadera,  Suriana,  and  also  not  in  Rigiostachys 
knd  Guilfoylia.  As  a  general  rule  the  presence  of  medullary  resin-canals  is  a 
generic  character.  The  sole  exception  has  proved  to  be  Simaba,  since  some  of  the 
species  of  this  genus  have  no  medullary  resin-canals  (see  Syst.  Anat.  p.  187 ; 
according  to  Jadin,  this  is  also  the  case  in  5.  Crustacea,  Engl.,  5.  foetida,  Poepp. 
and  5.  salubns,  EngL). 

Resin-cells  have  been  recorded  by  Jadin,  Gudrin  and  Van  Tieghem  in  the 
following  additional  cases  : — ^in  the  mesophyll,  in  AUanthus  calycina,  A.  Fauve- 
liana,  A.  imberbifolia  and  A,  fnalabarica ;  in  the  primary  cortex  and  in  the 
leaf,  in  Chamaelea  pulverulenta ;  in  the  primary  cortex,  in  Harrisania  Brownei, 
Juss.,  Irvingia  Duparqueti,  V.  T.,  /.  gabonensis,  Baill.  and  /.  tenuifolia.  Hook, 
f . ;  accompanying  the  pericycle  in  the  axis  and  the  vascular  bundles  of  the 
veins  in  the  leaf,  in  Oldyendea  Klaineana,  Pierre.  In  the  genera  Irvingia, 
Klainedoxa  and  Picrodendron  (according  to  Jadin)  mucilage-cells  are  found 
in  the  primary  cortex  of  the  axis  and  in  the  ground-tissue  of  the  petiole,  while 
mucilage-lacunae  are  present  in  the  pith  of  the  axis.  Mucilage-spaces,  similar 
to  those  of  Irvingia,  occur  also  in  Perriera  (according  to  Gudrin),  being  situated 
in  the  axis,  in  the  rachis  of  the  leaf,  in  the  petiole,  and  in  the  larger  veins  of 
the  leaf.  The  genera  Desbordesia,  IrvingeUa^  Irvingia  and  Klainedoxa  (accord- 
ing to  Van  Tieghem)  have  mucilage-cells  which  either  are  isolated  or  form 
groups  and  are  found  in  the  primary  cortex,  and  in  some  cases  in  the  pith  as 
well. 

For  the  structure  of  the  SfHuy  aerial  roots  of  Klainedoxa  spinosa,  V.  T.,  see 
Van  Tieghem,  1905,  loc.  cit. 

Appendix  :  Koeberlinia, 

A  connected  account  of  the  anatomy  of  the  eenus  Koeberlinia  may  be  given 
at  this  point  apart  from  the  general  description  of  the  Simarubaceae.  The  affinities 
of  the  genus  are  not  yet  quite  clear,  but  it  is  regarded  by  Engler  and  Van  Tieghem 
as  constituting  an  independent  Order  (Koeberhniaceaej.  The  only  species  of  the 
genus,  Koeberlinia  spinosa,  Zucc.  is  a  leafless  and  spiny  shrub ;  from  an  anatomical 
point  of  view,  it  is  spedaUy  characterized  b)r  the  possession  of  secretory  canals 
situated  in  the  bast,  the  composite  and  continuous  ring  of  sclerenchyma  in  the 
pericycle,  the  pericydic  cork-development,  the  simple  perforations  in  the  vessels 
and  the  wood-nbres  which  have  thick  waUs  and  slit-snaped  pits  with  a  smaU  border. 

The  vascular  bundles  of  the  axis  are  separated  by  rather  broad  medullary  rays, 
the  outer  ends  of  which  are  enlarged  in  the  form  of  a  wedge  between  the  bast-por- 
tions. Opposite  the  bast-portions  the  pericycle  contains  massive  bundles  of  hard 
bast,  which  are  joined  to  form  a  continuous  strengthening  ring  by  means  of  stone 
cells.  The  bast-portions  exhilnt  a  peculiar  stratification  into  darker  zones,  com- 
posed of  parenchyma  and  lighter  zones,  consisting  of  compressed  sieve-tubes. 
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The  secretoiy  caxiato  origmate  in  the  parenchymatoas  zones,  and  either  lie  singly 
or  severed  of  them  are  placed  side  by  side ;  in  the  former  case  they  take  np  the 
whole  breadth  of  the  band  of  parenchyma.  In  later  stages  sclerosed  cells  are  found 
in  the  bast  and  in  the  medullary  rays  of  the  bast ;  similar  ceUs  occur  also  in  the 
primary  cortex.  The  cork  develops  in  the  pericyclic  parenchyxnaon  the  inner  side  ci 
the  strengthening  ring  and  consists  of  cells,  the  outer  tangential  walls  of  which  are 
strongly  thickened.  Phelloderm  is  present,  its  cells  having  lignified  walls.  The 
epidermis  consists  of  cells  exhibiting  palisade-like  elongaticMi  and  having  all  their 
iindls  thickened,  especially  the  outer  ones.  In  the  absence  of  leaves  the  outer 
part  of  the  primary  cortex  is  differentiated  as  a  palisade-tissue  of  several  layers, 
while  the  inner  part  consists  of  isodiametric  cells.  The  only  kind  of  tridbomes 
yet  observed  are  unicellular  conical  clothing  hairs  with  thick  walls.  Oxalate  of 
Ume  is  found  in  the  pith  in  the  form  of  solitary  crystals. 

Literature:  VignoU,  Cay^Cay  {Ifvingia  Olivtri)^  These,  Montpellier,  1886,  pp.  39-32  and 
pi.  i-ii.— Leblois,  Thylles  d.  can.  ste^,  Ball.  Soc.  bot  de  France,  1887,  p.  184.— Jadin,  Oig. 
sto^t,  These,  Montpellier,  1888,  p.  5a  et  seq.— Barber,  Corky  excresc,  Ann.  of  Bot,  ▼!,  1893, 
p.  165. — Pierre,  Flore  forest,  de  la  Cochinchine,  xvii,  189a,  and  xix,  1803.— Claadel,  Qutasia 
qfirica$ta  etc.,  Th^,  Montpellier,  1 894,  p.  1 1  et  seq. — Engler,  Koeberliniaceae,  in  Natiirl.  Pflanjsenfiun., 
ill  TeU,  Abt.  6,  1895,  pp.  320,  3ai.--Comii,  Quassia  africana,  BolL  Soc.  bot.  de  France,  1896, 
p.  533  et  seq. — [Hills,  Hou  von  Picraena  il  Quassia^  Jooin.  of  Pbann.,  1897.] — Boeigesen  og 
Paulsen,  Veget  dansk.-vestind.  Oer,  Bot  Tidsskrift,  xxii,  1898-9,  pp.  94, 9K  {Castela  erecia^  Tnrp.). 
'*      delr,    *"      "         ■      ■■ 


-^Macchiati,  Uffic.  dei  pelt  dell'  antodanino  e  del  nettarii  estranuz.  delr  Ailamtkus  gUmdulisa, 
Bull.  Soc.  bot  Ital.,  1890,  pp.  103-1  a.^Van  Tiegfaem,  Cn^rac^es,  Ann.  sc  nat,  s^r.  8,  t  ix,  1899, 
pp.  363-9 ;  see  also  Bull.  Mas.  ohist  nat,  1898,  p.  341  et  seq. — Gamper,  Angosturaiinden,  Diss., 
Ziirich,  1900,  p.  64.-*Van  Tieehem,  Stachynracto  et  Koeberliniacto,  Joam.  de  Bot.,  1900,  pp.  7-1  a. 
— ^Jadin,  Contribnt  ^  T^de  des  Simarnb.,  Ann.  sc.  nat.,  s^r.  8,  t  xiii,  1901,  pp.  301-304. — Pitaid, 
P^ricyde,  Th^,  Bordeaux,  1901,  pp.  80, 81. — Van  der  Marck,  Samadera  inaua,  ArduT  d.  Pharm., 
3 39)  i90'>  PP*  96-101. — ^Jadin,  Clarification  des  Simarub.,  bas^e  sur  les  caract  anat.,  C.  R.  Assoc. 


fran9.  Ajaccio,  3*  partie,  1903,  pp.  477-81. — [Annari,  Piante  della  reg.  medit.,  Ann.  di  Bot,  i,  1903, 
p.  17  et  seq.  (CffMnim).>— Lecomte,  Qn.  bois  dn  Congo,  BuU.  Mna.  d'hist.  nat,  1903,  p.  89.- 
Tuzson,  Spiral.  Struktur  d.  Zellwande  in  den  Markstr.,  Ber.  deatsch.  bot  Gesellsch.,  1903,  p.  376.- 


17  et  seq.  (CffMmm).]— Lecomte,  Qn.  bois  dn  Congo,  BuU.  Mua.  d'hist.  nat,  1903,  p.  89. — 
azson,  Spiral.  Struktur  d.  Zellwande  in  den  Markstr.,  Ber.  deutsch.  bot  Gesellsch.,  1903,  p.  370. — 
Achner,  Falsche  Chinarinden,  Diss,  Bern,   1904,  p.  63. — [Bessey,  Chimn^-shaped  stomata  of 


w,    ,  Ji  P»  . 

et  seq. — ^Van  Tieghem,  Irringiac^  Ann.  sc.  nat,  s^r.  0,  t.  i,  1905,  pp.  347-330  (/rvii^fia,  Irink- 
gtlla^  Desbordesia,  KUUnedoxa\ — Picdoli,  Legnami,  Bull.  Siena,  1906,  p.  173.— [Van  Tieghem, 
Agialidac^,  Ann.  sc.  nat,  s6r.  9,  t.  iv,  1906,  pp.  333-60.] — [Van  Tieghem,  Ailante  et  Pongele, 
Ann.  sc.  nat,  s^r.  9,  t.  iv,  1906,  pp.  373-80.] 


(XHNACEAE  (pp.  188-190). 

In  the  course  of  the  last  few  years  the  Ochnaceae  (sensu  Bentham  and  Hooker) 
have  formed  the  subject  of  detailed  systematic,  morphological  and  anatomical 
studies  by  Van  Tieghem  \  On  the  basis  of  his  investigations  van  Tieghem  i^gards 
the  genera  Ochnay  Ouratea,  Brackenrideea  and  Elvasia  (belonging  to  the  Ochneae) 
as  constituting  an  independent  Order,  tiie  Ochnaceae  (with  no  less  than  57  genera) ; 
Tetramerista  (see  Syst.  Anat.,  p.  189)  is  excluded,  while  the  four  genera  above  named 
are  split  up  into  a  number  of  others.  In  the  same  way  the  genera  of  the  Luxem- 
burgieae  with  the  exclusion  of  Wallacea  and  the  addition  of  seven  other  genera 
are  established  as  a  separate  Order,  the  Luxembur^;iaceae.  In  the  following  descrip- 
tion, in  which  Van  Tieghem's  system  of  classification  is  adopted,  we  shall  deal  with 
the  anatomical  characters  presented  by  leaf  and  axis*,  first  in  the  Ochnaceae  sens, 
str.,  then  in  the  Luxembur^aceae,  and  lastly  in  Wallacea  (Order :  Wallaceaceae, 
V.  T.),  as  well  as  in  Euthemts  (formerly  Tribe  Euthemideae,  Order  Euthemidaceae, 
V.  T.). 


^  I  merely  adopt  Van  Ti^hem's  nomenclature  of  the  genera  and  species  in  the  above  description 
as  a  matter  of  conTenience.  For  a  criticism  of  his  systematic  theories  see  Gilg,  Beitr,  s.  Kenntnis 
d.  Ochnaceen,  Festsdirift  iiir  Ascherson,  Leipzig,  1904,  p.  97  et  seq. 

'  As  fiur  as  the  stmctnre  of  the  wood  is  concerned  tqere  is  nothing  to  add  to  the  older  statem^ta' 
(Syst  Anat,  p.  189),  shice  Van  Ti^hem  devoted  veiy  little  attention  to  it 
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I.  OCHNACEAE,  VaN  TiEGHEM. 

1.  Anatomical  Features.  Two  features  are  primarily  characteristic 
of  the  whole  taxonomic  group,  viz.  (a)  the  presence  in  the  branches,  petioles, 
median  and  lateral  veins  of  a  layer  of  cells  ('  cristarque '),  which  is  normally 
situated  in  the  second  layer  beneath  the  epidermis  and  is  composed  of  cells 
with  U-shaped  thickening,  each  of  which-  encloses  a  clustered  crystal ;  and 
{h)  tiie  occurrence  of  cortical  vascular  bundles.  The  cork  invariably  develops 
sup^cially,  viz.  in  the  epidermis  or  in  the  first  layer  of  cells  of  the  primary 
cortex.  A  hairy  covering  is  rarely  present,  and  then  consists  exclusively  of 
uni-  or  multicellular  clothing  hau^.  Oxalate  of  lime  is  mostly  deposited 
in  the  form  of  clustered  crjrstads. 

The  anatomy  of  the  genera  Elvasia^  Vaselia^  Trichovaselia  and  Hostmannia^ 
which  Van  Tieghem  groups  together  as  the  Elvasioideae,  differs  from  that  of 
the  remaining  members  of  the  Order  (Ochnoideae)  in  the  occurrence  on  the 
upper  side  of  the  leaf  of  a  hypoderm,  composed  of  fibrous  cells  which  show 
a  transverse  arrangement,  and  in  the  presence  in  the  pith  of  the  petiole  of  an 
arc  of  wood  and  bast,  showing  normal  orientation  (with  the  wood  on  the  upper 
side).  In  certain  cases  the  leaf  contains  gelatinized  or  papillose  epidermal  cells 
or  spicular  fibres,  while  in  some  of  the  species  of  Trichouratea  the  stomata  are 
placed  in  pits. 

2.  Structure  of  the  Axis.  In  view  of  the  systematic  importance  of 
the  layer  of  cells,  termed  the  *  cristarque,'  the  structure  of  the  axis  may  in 
this  case  be  considered  before  that  of  the  leaf.  The  '  cristarque  ^ '  constitutes 
the  second  layer  of  the  primary  cortex,  and  is  composed  of  Ugnified  cells, 
with  U-shap€Ki  thickening  (on  the  inner  tangential  and  radial  walls)  and 
each  enclosing  a  clustered  crystal  of  oxalate  of  lime ;  the  latter  sometimes 
shows  a  slight  sphaerocrystalline  structure.  The  *  cristarque '  is  not  quite  con- 
tinuous, being  interrupted  by  thin-walled  passage-cells,  which  in  general 
correspond  in  position  with  the  stomata  in  the  epidermis.  Very  considerable 
diversity  is  shown  in  the  mode  of  differentiation  and  in  the  position  of  the 
'  cristarque '  in  the  individual  genera  and  within  the  limits  of  one  and  the 
same  genus,  often  varying,  in  fact,  from  species  to  species ;  these  differences 
are  of  systematic  importance.  The  number  of  thin-walled  cells  may  be  small 
or  large ;  as  a  consequence,  we  get  all  transitions  between  an  almost  continuous 
'  cristarque '  and  a  zone,  composed  only  of  a  small  number  of  *  cristarque  '-cdls 
In  certain  species  (e.  g.  of  Ouratea^  Campylospermum,  Campylocercurfty  Cer- 
catUhemum,  Cercinia,  &c.)  the  '  cristarque '  is  apparently  not  situated  in  the 
second  cell-layer  of  the  primary  cortex,  since  it  is  separated  from  the  epidermis 
by  more  than  one  (2,  3  or  4)  layer  of  cells ;  but  an  mvestigation  of  the  course 
ot  development  in  these  cases  shows  that  the  subepidermal  layer  has  under- 
gone subsequent  division  into  2-4  layers  of  cells,  so  that  the  '  cristarque ' 
nevertheless  belongs  to  the  second  cortical  layer.  The  thin-walled  cells  found 
in  the  discontinuous  '  cristarque  *  undergo  subsequent  sclerosis  in  many  species, 
the  cells  being  affected  equally  on  all  sides.  In  certain  species  the '  cristarque  '- 
sheath  is  further  strengthened  by  uniform  sclerosis  of  the  cells  of  one  or  more 
layers  of  the  primary  cortex ;  these  are  either  situated  on  the  inner  side  of 
the  '  cristarque,'  or  beneath  the  epidermis  (including  the  layers  of  cells  produced 
by  the  division  of  the  subepidermal  layer),  or  in  both  these  regions.  Only 
in  very  rare  cases  {DiphyUanihus  Dupar^uetianus^  V.  T.)  do  the  ceOs  of  the 
(here  well-developed)    cristarque '  contam  prismatic  crystals  in  place  of  the 


^  In  tiie  rklsomes  snd  roots  which  hare  been  examined,  the  layer  of  cells  known  vi  *  crp^Uccqw ' 
is  completely  absent 
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clustered  crystals.  As  regards  the  remaining  characters  of  the  primary  cortex 
we  may  notice  that  it  frequently  contains  clustered  crystals  and  sclerosed  cells, 
in  some  cases  also  prismatic  crystals  (species  of  Campylospermum^  Spongth 
pyrena^  Dipandium^  Manoparidium,  Porochna)  or  cells  m  which  the  structure 
of  the  wall  is  similar  to  that  of  the  '  cristarque  '-cells  (species  of  Cercinia, 
Ochnella,  Vasdia  ;  in  the  last  two  genera  occupied  by  prismatic  oystals)  or 
unequally  thickened  cells  containing  prismatic  crystals  {Trtchavasdia).  The 
endodermis  is  as  a  rule  not  distinctly  differentiated ;  it  is  only  in  a  few  species 
that  it  includes  '  cristarque  '-cells  with  clustered  crystals ;  in  these  cases 
there  is  a  secondary  endodermal '  cristarque/  which  is  however  only  rarely  well- 
developed.  The  above-mentioned  cortical  vascular  bundles  owe  their  origin 
to  the  fact  that  of  the  three  btmdles,  passing  out  from  the  stem  into  the  leaf 
situated  immediately  above,  the  two  laterals  in  most  cases  depart  from  the 
vascular  ring  of  the  axis  some  considerable  distance  below  the  node  (in  Dipori- 
dium  alone  do  they  arise  only  in  the  uppermost  part  of  the  intemode) ;  as 
a  consequence  no  cortical  vascular  btmdles  are  present  in  the  lower  part  of 
the  intemode.  In  most  cases  there  are  two  of  these  cortical  bundles,  but 
occasionally  {Camptauratea)  a  larp;er  number  is  found  in  the  uppermost  portion 
of  the  intemode  owing  to  branching.  The  bundles  are  accompanied  by  groups 
of  bast-fibres.  In  most  members  of  the  Order  the  pericycle  is  formed  by  isolated 
groups  of  bast-fibres,  but  occasionally  an  almost  or  completely  continuous 
and  composite  ring  of  sclerench3mia  is  developed  (e.  g.  in  species  of  Trtchou- 
ratea^  Dasouraiea,  Cercouratea,  Microuraiea,  Gymnouraiella,  Campylospennumy 
Diphyllanthus^  Mondasmum^  Ochndla)  by  sclerosis  of  the  cdls  situated  between 
the  groups  of  bast-fibres.  The  secondary  bast  sometimes  contains  clustered 
crystals,  but  rarely  (Diporidium  purpureum^  V.  T.,  Porochna  Aulunesii,  V.  T.) 
prismatic  crystals  ;  sclerosed  cells  '  may  also  be  present ;  fibres  {Piporidium 
purpureum^  Hostmannia)  or  unequally  sclerosed  cells  containing  prismatic 
crystals  {Elvasta^  Trtchavasdia)  are  very  rare.  The  mode  of  devdopment  of 
the  cork^  whether  epidermal  or  subepidermal,  is  on  the  whole  only  a  specific 
character.  The  walls  of  the  cork-cells  are  either  thin,  or  the  tangential  waUs 
are  sclerosed.  Phelloderm  may  or  may  not  be  present.  It  has  either  thin  walls 
or  some  or  all  of  its  cells  eidiibit  LF-shaped  thickening ;  complete  sclerosis 
of  the  cells  is  rare  ;  in  a  few  cases  (species  of  Porochna  and  Diporochna)  the 
cells  of  the  phelloderm  contain  small  prismatic  crystals. 

Epidermal  cork-development  has  been  recorded  in :  Camptouratea  pro  parte, 
Stenouratea^  Notour atea^  Pticouratea  pro  parte,  Ancouratea  pro  parte,  DiouraUa^ 
Trichouratea  (almost  always),  Piiouratea,  Dasouratea,  Ouraiea  pro  parte,  Isourateat 
Polyouratea,  Tetrouratea,  tercouratea  pro  parte,  Microuratea  pro  parte,  Setouratea^ 
Ouratdla^  Gymnouratdla^  Bisetaria,  Campylospermum  pro  parte,  Catnpylocercum 
pro  parte,  Cercanthemum  pro  parte,  Diphyllopodium,  Spongofyrena^  RhabdophyUum^ 
Mondasmum  po  parte,  Exomicrum  pro  parte,  Ochndla  pro  parte,  Pdyochndla 
pro  parte,  Dtsdaaium,  Diporidium  pro  parte,  Monoportdium,  Pdythecium  pro 
parte,  Heteropodium^  OchnOy  Diporochna^  Pleuroridgea,  Campylochndla^  Vasena ; 
subepidermal  cork-development  is  found  in :  Camptouratea  pro  parte,  Plicouraiea 
pro  parte,  Ancouratea  pro  parte,  Trichouratea  foliosa,  V.  T.,  Hemiouratea,  Volken- 
steinia,  Ouratea  pro  parte,  tercouratea  pro  parte,  Microuratea  pro  parte,  Campylo- 
spermum pro  psuie,  Campylocercum  pro  parte,  Cercanthemum  pro  parte,  Cercinia, 
Notocampylum,  Diphyllanthus,\  Mondasmum  pro  parte,  Exomicrum  pro  parte, 
Ochndla  pro  parte,  Polyochndla  pro  parte,  Diporidium  pro  parte,  Pdythecium  pro 
parte,  Porochna,  Brachenridgea,  Elvasia,  Trichovasdia,  Hostmannia, 

The  pith  becomes  lignified  at  an  early  stage.  In  addition  to  clustered 
crystals  the  pith  in  many  species  includes  cells  which  are  sclerosed  on  aU  sides  ; 


'  Van  Tieghem  docs  not  describe  the  detailed  stractore  of  the  sdeiosed  oeUs  in  the  bast; 
regarding  this  point,  see  Syst.  Anat.,  p.  189. 
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in  NokmraUa  undata^  V.  T.  occasional  cells  exhibit  thickening  of  the  wall 
similar  to  that  found  in  the  '  cristar<|ue  '-cells. 

3.  Structure  of  the  Leaf.  Three  vascular  bundles  pass  out  into  the 
leaf  or  petiole  as  the  case  may  be  ;  the  median  bundle  of  the  three  branches 
ofE  from  the  vascular  ring  of  the  axis  at  the  node,  while  the  two  lateral  strands 
traverse  the  upper  portion  of  the  intemode  as  cortical  bundles  ;  each  of  the  two 
lateral  strands  gives  off  a  small  branch  which  suppUes  the  stipules  or  the  ligule* 
The  vascular  bundles  on  entering  the  petiole  soon  unite  to  form  a  ring  of  wood 
and  bast,  which  is  in  most  cases  completelv  closed  (except  in  Microuraiea 
cassinifolia,  V.  T.)  and  has  a  central  pith ;  the  lower  surface  of  this  annular 
system  is  convex,  while  the  upper  is  concave  or  flat ;  bundles  of  fibres,  which 
are  mostly  distinct  from  one  another,  accompany  the  bast  on  its  outer  side. 
The  Elvasoideae  are  specially  distinguished  from  the  Ochnoideae  by  the  fact  that 
the  pith  of  the  petiole  contains  an  arc  of  wood  and  bast,  comprising  several 
vasodar  bundles,  which  exhibit  normal  orientation,  the  wood  being  placed 
on  the  upper  side.  Medullary  bundles,  it  is  true,  are  exceptionally  present  also 
in  two  members  of  the  Ochnoideae  (Campylospermum  angulaium,  V.  T.  and 
Noiocampylum  Mannii^  V.  T.),  but  the  bundles  in  these  cases  show  inverse 
orientation,  the  wood  being  on  the  lower,  the  bast  on  the  upper  side.  In  this 
connexion  we  may  notice  that  the  pith  contains  a  transverse  band  of  fibres 
in  Trickonraiea  Gardneri,  V.  T.,  two  bands  of  fibres  in  species  of  Spongapyrena, 
and  elements  resembling  '  cristarque  '-cells  in  species  of  Rhabdaphyttum,  Poly^ 
ihecium  and  Diporochna.  In  Campylospermum  nigrinerve,  V.  T.,  five  cortical 
vascular  bundles,  which  are  united  to  form  an  arc,  are  found  on  the  outer  and 
lower  side  of  the  vascular  ring.  The  '  cristarque '  (and  we  mav  deal  first  with 
the  outer  one,  which  is  situatal  in  the  second  cell-layer  beneath  the  epidermis) 
is  generally  present  also  in  the  petiole,  and  then  exhibits  the  same  modifications 
as  in  the  branch.  It  is  more  or  less  tj^ically  differentiated.  Only  in  rare  cases 
is  there  merely  a  single  layer  of  cells  between  it  and  the  epidermis  ;  as  a  rule 
there  are  2, 3,  4  or  even  6-8  intervening  layers  of  thin- walled  cells,  which  have 
been  formed  by  subsequent  division  of  the  subepidermal  layer.  The  outer 
'cristarque'  is  rarely  absent  (e. g.  in  species  of  CamptouraUa,  TetrouraUa 
and  Campylospermum) ;  still  more  rarely  {DiphyUatUhus)  do  the  '  cristarque  '- 
cells  contain  prismatic  in  place  of  clustered  crystals.  In  some  of  the  species 
there  is,  as  in  the  branch,  an  inner  (endodermal)  *  cristarque '  in  addition  to 
the  outer  one,  this  inner  'cristarque'  varying  in  the  extent  of  its  development. 
Lastly,  elements  resembling  'cristarque '-cells  are  occasionally  found  also  in 
the  cortical  tissue  (species  olOuraiea^  RhdbdophyUum^  Polythecium^  Diporochna, 
Brackenridgeay  Tricnovaselia) ;  in  other  cases  the  cortex  contains  cells  which 
are  sclerosed  on  all  sides. 

Regarding  the  structure  of  the  lamina  of  the  leaf  the  following  facts  may 
be  mentioned.  In  most  of  the  species  the  leaf  is  bifacial  in  structure,  the  pah- 
sade-tissue  consisting  of  a  single  layer  of  cells.  Centric  structure  with  palisade- 
tissue  on  both  sides  of  the  leaf  is  found  only  in  PUouraUa  ovdlis^  V .  T.  and 
Dasouraiea  Hassleriana,  V.  T. ;  in  certain  species  of  Cercouratea  and  DiphyUo- 
podium  the  palisade-tissue  is  not  typically  differentiated.  In  many  species  ^ 
a  varying  number  of  tl^  epidermal  cells  of  the  leaf  have  mucilaginous  inner 
membranes,  these  cells  sometimes  penetrating  deeply  into  the  mesophyll. 
OuraUa  guianensis^  Aubl.,  O.  rubescensy  V.  T.  and  Cercouratea  Magdalenae^  V.  T. 


^  viz.  species  of  Campt^uraUa^  Stenoutxaea,  Noiouratea,  Plicouratea^  Ancouraiea^  Trichouraiea, 
Villouratea,  Hemiouraiea,  Ouraiea,  Polyouratea,  TetrourcUta^  Cercouratea^  Microuraiea,  Seiouraiea, 
Ourateila,  CymnouraUlla,  Campylosferntum^  Camfylocercum,  Cercanthentum^  Cercinia,  Sponge- 
fyrenay  Monelasmat  OchuUa,  Polyochnetta^  DisclaJium,  Diperidium,  Monoporidium^  Polfthecium, 
Ockna,  DipotvcAna,  SracAenridgea,  Fleuroridgtc^  Campylochnella, 

SOUUICDBX  3  ^ 
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fU'e  distinguished  by  possessing  sclerosed  epidermal  cells,  the  inner  ends  of  which 
are  narrowed  in  the  form  of  a  cone  and  penetrate  into  the  palisade-tissue.  The 
epidermal  cells  of  Notauraiea  inundaia,  V.  T.  have  lignined  thickening  bands 
on  their  lateral  walls.  Formation  of  papillae  has  been  recorded  in  Notauraiea 
intindaia,  V.  T«  (knob-shaped  cuticular  papillae  on  the  lower  side  of  the  leaf), 
Trichauratea  foliosa^  V.  T.  (on  the  upper  side),  DiphyUopodium  Klainei^  V.  T. 
and  Exomicrum  coriaceum,  V.  T.  (on  the  lower  side).  Not  uncommonly  the 
vralls  of  the  epidermal  cells  are  completely  or  partially  lignified.  In  most  of 
the  species  the  stomata  are  confined  to  the  lower  surface  of  the  leaf.  But  in 
Pilouraiea  ovaUs^  V.  T.  and  IsouraUa  humilis^  V,  T.,  they  occur  on  both  sides, 
and  in  species  of  Ouraieay  Ccrcinia,  Polyochndla^  PUuronigea^  Campyhchnella, 
Elvasia,  Vasdia,  Trichavasdia  and  Hosimannia,  stomata  are  also  present  on 
the  upper  side,  though  only  on  and  near  the  midrib  (in  Campylochndla  they 
occupy  the  same  position  with  reference  to  the  lateral  veins  as  well).  Van 
Ti^hem's  statement  as  to  the  absence  of  subsidiary  cells  is  not  (^uite  in  agree- 
ment with  my  earlier  observations.  In  Trickouraiea  subvduUtui,  V.  T.  the 
stomata  (also  those  on  the  axis)  are  found  in  special  pits  ('Spaltdff- 
nungskrypten ').  The  occurrence  of  a  h3rpoderm  composed  of  trans* 
versely  placed  fibrous  ceUs,  and  situated  beneath  the  epidermis  of  the  leaf 
in  the  Elvasioideae,  has  aJready  been  referred  to  above.  Other  special  features, 
noticed  in  the  mesophyll,  are  as  follows : — ^large  soUtary  crystals  {Otdraiea 
Leprieuri,  V.  T.) ;  '  cristarque  '-cells,  occasionally  forming  groups  (species  of 
Cafnptouratea,  Ouraiea^  Campylospermum,  Cercanthemum,  Rhabdophyllum); 
sclerosed  isodiametric  cells  {Ouratea  gigatUophytta,  V.  T.) ;  and  lastly, 
spicular  fibres,  which  generally  branch  ofE  from  the  sderenchyma  of  the  veins, 
run  vertically  through  the  mesophyll  or  traverse  it  in  all  directions,  and  in  most 
cases  ultimately  spread  out  beneath  the  epidermis  (in  a  large  number  of 
species  ^).  The  vascular  system  of  the  lateral  veins  is  provided  both  above 
and  below  with  a  group  of  sclerenchymatous  fibres,  and  is  separated  by  two 
layers  of  cells  from  the  epidermis.  The  inner  of  these  two  layers,  which 
may  be  regarded  as  equivalent  to  an  endodermis,  is  generally  constituted 
by  a  '  cristarque,'  containing  clustered  crystals,  and  must  be  considered  as 
a  continuation  of  the  outer  '  cristarcjue '  of  the  branch,  petiole  and  midrib. 
The  '  cristarque  '  of  the  lateral  veins  is  developed  either  on  both  the  upper  and 
lower  sides  of  the  vascular  system,  or  (v^  commonly)  only  on  the  upper 
side ;  but  in  a  few  cases  (viz.  in  the  Elvasioideae,  in  wluch  paUsade-tissue  is 
met  with  also  in  the  lateral  veins)  it  is  confined  to  the  lower  side.  The 
*  cristarque  '  is  very  seldom  imperfectly  developed.  Owing  to  sclerosis  of  the 
two  layers  of  cells  situated  between  the  bundles  of  fibres  and  the  epidermis,  the 
lateral  veins  in  many  species  •  ultimately  become  vertically  transcurrent.    The 


»  viz. :  Camptmraiea  agrophylla,  V.  T.,  C.  ilicifolia^  V.  T.,  C.  spinuhsa,  V.  T. ;  Plicourmiea 
gramUasa,  V.  T. ;  Ancouratea  kemiodonta^  V.  T. ;  Diouratea  cardiospermay  V.  T. ;  TrUhouratea 
Blanchttiana,  V.  T.,  T.  caulipila^  V.  T.,  T,floribunda,  V.  T.,  T.filiosa,  V.  T-,  T.  rufidula,  V.  T., 
T.  salicifolia,  V.  T.;  DasmraUa  Hasskriana,  V.  T.;  VolkemUinia  Theophrasta,  Ree.;  Ouratea 
angulata,  V.  T.,  O.  castaneifolia,  EogL,  0.  coccinea^  ^QglM  O,  crassifdlia,  Kngl.,  O.  atSensis,  Urb., 
O,  distichay  V.  T.,  O.  GUudmi^  V.  T.,  0.  keterodonta,  V.  T.,  O.  macrophylla,  V.  T.,  0.  panamica, 
v.  T.,  a  Purduana^  V.  T.,  O.  RUdeliana,  Engl.,  O.  rupuntmUnsis,  Engl.,  O.  Spruceama,  EogU^ 
Isguratea  humilU,  V.  T.,  /.  specteUnlis,  V.  T. ;  CercmraUa  curvaia,  V.  T.,  C  repem,  V.  T.,  C.  tvr- 
ruculosa^  V.  T. ;  MUrouraUa  pygmaea^  V.  T. ;  Campylaspgrmum  anmilatum^  V.  T.,  C.  Baroni, 
v.  T.,  C.  Ckafeliiri,  V.  T.,  C.  demtdatum,  V.  T.,  C.  Bildebrandtii,  V.  T.,  C.  nigrimroe,  V.  T., 
C  cvaU,  v.  T.,  C.  sculphim,  V.  T. ;  Cercanihemum  fan^eolai^m,  V.  T. ;  Notocampylum  Mannii, 
v.  T. ;  RhahdophyUum  caltfhyllum,  V.  T.,  R.  panicuiaium,  V.  T. ;  Motulasma  Zsnkeri,  V.  T., 
M,  umbricola,  V.  T. ;  Ppfythicium  madagascariensey  V.  T. ;  Brackmridgea  Hookeriy  A.  Gray, 
B,  nUidOy  A.  Gray,  B,  pabtHriSy  Baitel. 

'  Ttz.  Species  of  the  genera :  Camptourateay  Trichourateay  Ouratea,  Microuratea  (in  almost  flU 
the  species),  Campylospermumy  Cercanthemum^  Cercima,  Ochnellay  PolyechneUa,  Discladiumy 
Diperidiumy  Pofythecium,  OcAna,  P^reckna. 
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strnctnre  of  the  midrib  of  the  leaf,  at  least  in  its  lower  portion,  is  similar 
to  that  of  the  petiole  (see  above). 

A  hairy  covering  has  only  been  observed  in  a  few  genera  and  species,  and 
is  composed  exclusivdy  of  clothing  hairs.  These  are  miicellnlar  (TnchoufakOf 
PUouraUOy  Vilhuratea?,  Dasouratea  ?,  Hemiouratea,  TrichovaseUa)  or  bicellular, 
and  a  third  cell  often  occurs  in  the  latter  case  owing  to  the  division  of  the  lower 
cdi  by  means  of  a  longitudinal  or  oblique  wall  (Diporochna).  In  other  cases 
{TrichouraUa)  the  hairs  are  uniseriate  and  consist  of  a  larger  number  of  cells* 
The  unicellular  trichomes  vary  in  length  ;  in  Trichouratea  they  are  sometimes 
imited  in  bundles  of  two  or  tiiree. 

2»  LuX£3fBURGIAC£A£» 

1.  Review  of  the  Anatomical  Features.  The  Luxemburgiaceae,  like 
the  Ochnaceae,  are  characterized  by  the  possession  of  cortical  strands  (leaf* 
traces) ;  cork-formation  hkewise  takes  place  superfidally  in  the  epidermal  or  sub- 
epidennal  layer  of  cells.  The  pericyde  is  formed  by  isolated  groups  of  bast-^ 
fiores.  The  structure  of  the  leaf  is  bifacial  and  the  stomata  are  fotmd  ex- 
dusively  on  the  lower  side  of  the  leaf.  There  b  no  hairy  covering  (apart  from 
the  glandular  shaggy  hairs).  Oxalate  of  lime  is  deposited  in  the  form  of  dustered 
or  soUtary  crystals. 

The  genera  of  the  Godoyeae  are  distinguished  by  the  presence  of  medullary 
bundles  in  the  branch ;  these  are  composed  dther  of  vessels  and  fibrous  cells 
{*  fibrovasculaires/  e.  g.  in  Godoya,  PlanchoneUa  and  Rutidanihera)  or  of  a 
strand  of  soft  bast  and  fibrous  cells  ('  fibrocriblfe/  e.g.  in  Cespedesia  and  Four- 
nieria).  Other  characters  distinctive  of  the  Godoyeae  are  the  stratification 
of  the  phloem  into  hard  and  soft  bast,  and  the  occurrence  of  characteristic 
dandular  shaggy  hairs  ('  franges  s6cr£trices ')  on  the  stipules  and  sepals. 
On  the  other  hand,  medullary  bundles  and  glandtdar  hairs  are  wanting  in  the 
two  other  subdivisions  of  the  Luxemburgiaceae,  viz.  the  Luxembiu'gieae 
(with  LuxeffUmrgia,  PeribUpharis,  PlectatUhera^  EpiUepharis  and  HUaireUa) 
and  the  Blastemantheae  (with  BlastemafUhus  and  Poecilandra) ;  the  Blaste- 
mantheae  however,  like  the  Godoyeae,  have  a  stratified  bast,  while  in  the 
Luxemburgieae  there  is  no  hard  bast. 

Amon^  special  features  of  the  structure  of  the  leaf,  we  may  name  :  the 
gelatinization  of  the  epidermis ;  the  occurrence  of  spicular  fibres  in  the  meso- 
phyll ;  the  devdopment  of  an  endodermal  '  cristarque  *"  in  the  lateral  veins ; 
and  the  occurrence  of  vertically  transcurrent  lateral  veins. 

2.  Structure  OF  THE  Leaf.  The  leaf  is  bifacial  in  structure.  Epidermal 
cella  with  mucilaginous  inner  membranes  are  found  in  Luxemburgia,  EpibU- 
pharis  and  HUaireUa,  The  stomata  are  confined  to  the  lower  side  of  the  leaf  ; 
m  Godoya  they  are  crowded  together  in  groups  in  the  narrow  meshes  formed 
by  the  network  of  veins.  ScTerenchymatous  fibres,  running  fredy  in  the 
mesophyll,  have  been  observed  in  the  genera  Rutidanihera,  Cespedesia, 
Fournieria  and  BlastemafUhus ;  in  some  cases  (BlastemafUhus)  they  form  a 
continuous  layer  beneath  the  upper  epidermis.  The  lateral  veins  are  often 
verticallv  transcurrent  by  means  of  sderenchyma  (Luxemburgia  pro  parte, 
Penblebharis,  Godoya,  PlanchoneUa,  RuHdanthera,  BlastemafUhus,  Poecilandra). 
An  enaodermal  'cristarque'  containing  dustered  crystals  is  stated  to  occur 
in  species  of  Luxemburgia,  Plectanthera,  Epiblepharis,  HUaireUa,  Cespedesia, 
Fournieria  and  BlasietnafUhus,  whilst  PoecUanara  alone  has  a  '  cristarque ' 
containing  solitary  crystals.  In  all  the  genera  except  PoecUandra  this  layer  is 
confined  to  the  upper  side  of  the  vascular  system,  while  in  PoecUarUlra  it  is 
present  on  both  sides.  The  vascular  bundles,  which  pass  out  into  the  Ieaf» 
unite  low  down  in  the  petiole  or  in  the  midrib  to  form  a  ring,  the  pericyde  of 
whidi  contains  fibrous  cdls.    In  HUaireUa  the  pith  of  this  ring  of  bundles 
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contains  a  strand  of  bast  with  a  band  of  wood  on  either  side  of  it,  while  in 
Godcya,  Planckondla^  Rutidanihera^  Cespedesia  and  Foumieria  it  includes 
from  two  to  four  arcs  of  wood  and  bast  exhibiting  diverse  orientation  and 
situated  one  above  the  other ;  in  Blasiemantkus  one  or  two  vascnlar  bundles^ 
iud  in  Poecilandra  an  arc  of  normally  orientated  bundles,  are  f  omid  in  the  pith. 

The  glandular  shaggy  hairs,  occurring  on  the  stipulesand  sepals  in  aU  the 
Godoyeae,  are  2-5  mm.  m  length  and  are  distinguished  by  having  a  secretly 
palisade-like  epidermis.  Beneath  the  latter  lies  a  layjier  of  cells  containing 
clostered  crystals,  and  within  this  a  vascular  bundle,  with  an  enveloping  sheath 
of  fibres. 

3.  Structure  of  the  Axis.  The  pericycle  is  invariably  composed  of 
isolated  groups  of  l^ist-fibres.  The  cork  develops  in  the  epidermis  {Epibh- 
pkaris,  ailaireUa,  Godaya,  Foumieria,  Blastemanthus)  or  in  the  subepidermal 
hjfer  ci  cells  (Luxemburgia,  PmbUpkatis,  Pledanihera,  Planchonma,  Ruii* 
ia$Uhera^  Cespedesia,  Poecilandra).  The  walls  of  the  cork-cells  are  either  thin 
or  sclerosed ;  in  the  latter  case  they  may  be  sclerosed  equally  on  all  sides  or 
in  the  shape  of  a  U.  Fhelloderm  may  or  may  not  be  devefoped ;  when  present 
it  is  sometimes  sclerosed.  The  primary  cortex  occasionally  contains  stone- 
cells  and  oxalate  of  lime  in  the  form  of  clustered  or  solitary  crystals.  In 
PeriUepharis  it  includes  isolated  fibrous  cells,  while  in  Godoya  the  inner  part 
of  the  primary  cortex  is  lacunar.  The  cortical  bundles,  which  are  accom- 
panied by  groups  of  sclerenchymatous  fibres,  vary  in  number;  there  are 
often  4-0 ;  in  Foumieria  scanaens,  V.  T.  there  are  16,  in  Blastemanihus  and 
Poecilandra  only  2.  The  presence  or  absence  of  secondary  hard  bast  has 
already  been  dealt  with  in  the  review  of  the  anatomical  features.  When  hard 
bast  is  present  the  app^irance  of  a  transverse  section  throufi;h  the  phloem- 
groups,  and  the  intervening  medullary  rays  with  their  expanded  outer  ends, 
quite  recalls  the  sinular  features  seen  in  the  branch  of  the  lime. 

The  following  details  may  be  added  regarding  the  medullary  bundles 
found  in  the  Godoyeae.  In  Godoya,  PlanchoneUa  and  RuUdanihera  the  bundles 
are  made  up  of  vesKsels  and  fibres.  In  the  two  genera  first  named  there  are  8-20 
(mostly  10)  of  these  bundles,  arranged  in  a  rin^,  while  in  RuUdanihera  the 
bundles  are  very  numerous  and  irregularly  distnbuted  through  the  wh<de  of 
the  iMth,  except  m  its  central  portion.  Each  bundle  consists  of  a  group  of  fibrous 
cells  and  of  a  xylem-ray  comprising  a  row  of  spirally  thickened  and  pitted 
vessels,  which  usually  show  radial  arrangement ;  the  vessels  exhibit  a  pro^ 
gressive  increase  in  size  from  without  inwards,  and  are  developed  centripetal^^ 
exactly  as  in  the  case  of  the  xylem-rays  in  the  radial  bunme  of  a  root,  in 
Godoya  and  PlanchoneUa  the  xylem-ray  is  directed  outwards,  the  group  of 
fibrous  cells  being  placed  at  its  mner  end,  while  the  outer  end  and  tl^  lateral 
surfaces  of  the  xylem-ray  are  surrounded  by  a  layer  of  unlignified  tissue 
belonging  to  the  pith.  In  RuUdanihera,  on  the  other  hand,  the  xylem- 
ray  is  embedded  in  one  side  of  the  group  of  fibres,  the  latter  extending  round 
the  lateral  surfaces  of  the  xylem-strand ;  the  ray  of  wood  in  this  cjenus 
is  moreover  occasionally  not  situated  on  the  outer  side  of  the  group  of  m>res, 
but  internal  or  lateral  to  it.  The  medullary  bundles  found  in  Cespedesia  and 
Foumieria  have  an  essentially  different  structure,  bdng  composed  of  a  strand 
of  phloem  and  a  group  of  fibres.  In  Cespedesia  the  phloem-group  is  for  thfe 
most  part  embedded  in  the  inner  margin  of  the  well-developed  bunme  of  fibres  ; 
in  some  cases,  however,  it  is  situated  at  the  outer  margin  or  laterally  and  may 
occasionally  be  absent  altp^ther.  The  phloem-group  develops  in  the  centn- 
fugal  direction.  In  Foumteria  the  strand  of  phloem  is  generally  surrounded 
by  a  ^eath  of  one  or  two  rows  of  fibrous  cells  ;  it  may,  however,  also  be  wanting. 
Ine  bundles  in  Cespedesia  and  Foumieria  exhibit  an  irregular  arrangement, 
and  are  present  in  large  numbers.    It  is  specially  to  be  noted  that  the  medulhdry 
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bundles  of  the  Godoyeae  are  cauliney  so  that  they  are  not  connected  with  the 
vascnlar  strands  of  the  stele* 

We  may  add  that  in  all  the  Godoyeae  the  medullary  bundles  become  converted 
into  typical  vascular  bundles  in  the  axis  of  inflorescence.  Strands  of  phloem 
ajypear  in  relation  to  the  vessels  and  fibres,  constituting  the  meduIlaxT  bundles  of 
Goioya^  PlanehoneUa  and  RtUidanthera,  whilst  vessels  are  added  to  tne  groups  of 
phloem  and  fibres  in  the  medullary  bundles  of  Cespedssia  and  Foumieria.  But 
the  arrangement  and  previous  orientation  of  the  wood  and  bast  is  for  the  most 
part  retained. 

On  the  genera  WaUacea  and  Euthemis* 

In  its  anatomical  structure  the  genus  WaUacea^  which  Van  Tieghem  excludes 
from  the  Luxemburgiaceae,  really  shows  quite  a  numbw  of  points  of  agreement 
with  the  latter,  as  is  evidenced  by  Van  Tieghem's  own  statements ;  these  points  of 
similarity  are  the  cortical  vascular  bundles  (six  in  number,  each  strengthened  by 
an  arc  of  fibres),  the  nature  of  the  pericyde  (formed  by  small  isolated  bundles  of 
fibres),  the  superficial  (subepidermal)  development  of  the  cork,  the  cells  exhibiting 
U-shaped  thickening,  and  also  the  presence  of  secondary  hard  bast  (in  small  groups). 
The  outer  ends  of  the  primary  medullary  rays  of  the  bast  are  not  broaden^  in  the 
form  of  a  wedge.  The  structure  of  the  petiole  is  particularly  striking ;  there  is 
a  rin^  of  bundles,  the  pith  of  which  contains  two  superposed  vascular  strands, 
of  which  the  lower  one  exhibits  normal,  the  upper  one  mverse  orientation  of  wood 
and  bast.  On  either  side  of  the  vascular  ring  four  cortical  bundles  are  found ; 
these  are  situated  one  above  the  otiiier,  and  consists  of  a  central  mass  of  xylem, 
enveloped  by  a  ring  of  soft  bast  and  fibres.  The  structure  of  the  leaf  of  WMacea 
is  bifacial,  the  stomata  being  confined  to  the  lower  side.  The  lateral  veins  are  not 
vertically  transcurrent.  OiuJate  of  lime  occurs  in  the  form  of  clustered  and  solitary 
crystals  (the  latter  in  the  lateral  veins). 

According  to  Van  Tieghem,  the  genus  Euthemis  is  specially  distinguished  by  the 
possession  of  large  mudlage-cells  situated  in  the  pith  and  cortex  of  the  branches 
and  in  the  mesophylL 

Litenture:  Baxteletti,  Studio  mono^.  int.  alia  fiuniglia  ddle  Odmaoeae,  Malpigliiar^  looi, 
pp.  1^5*74  and  Tab.  Y-9d.^Pitard,  P^ricfde,  Thte,  Bordeaux,  1901,  p.  9a.— Van  iWhem,  Epfbl^ 
pharide  etc,  Joum.  de  hot,  1901,  pp.  380^-94.— Oeriiaid,  Blattanat  ▼.  Gew.  des  Knymawaldet, 
Dim.,  Bud,  1903,  ptp.  8~io  {OcAma). — Van  Tiefhcm,  Odinac^  Ann.  sc  nat.,  wh.  8,  t  zyi, 
i«03,  pp.  161-416.— Van  Tieghem,  Denx  Ochnaoeet,  Bnll.  Mas.  d^hist  nat,  1902,  pp.  47-52.— 
Van  Tkghen,  Cristaitpie  etc.,  BaU.  Mas.  d'hiit  nat.,  190a,  pp.  966-75^-*Van  Tieghem,  Une 
Oqial^  etc.,  BsU.  Mot.  dlilst.  nat,  1903,  p.  615.— Van  Tiegfacm,  S^towat^  Campylospenne  et 
Bia^taire,  Joan,  de  bot.,  190a,  pp.  ^--47.— Lecomte,  Boia  dn  Congo,  BalL  Mas.  d'hik.  nat,  1905, 
n,  89. — ^Van  Tw^em,  Nonv.  ob^  snr  les  Odmac^  Ann.  sc.  nat,  s^.  8,  t  xviii,  190$,  pp.  1-60. — 
Van  lleghem,  £p.  nonv.  des  Ochnao^,  Ball.  Mas.  dliist.  nat,  1903,  pp.  30,  70  and  150  et  seq. — 
Van  'Heshem,  Laxemboargiacte,  Ann.  tc  nat,  wtr.  8,  t.  xix,  1904,  jmx  1-96^— Van  Tieghem, 
Wallace,  Ball.  Mas.  dliiat.  nat,  1904)  pp.  145-50.— Van  Tieghem,  False,  m^  des  Godoy^ 
Jooin.  de  bot,  1904,  pp.  53-64. — ^Van  Tiemem,  Frances  sto^tr.,  Joam.  de  bot,  1904,  pp.  105-9. — 
Areschong,  Trop.  vazt  bladbyggn.,  Sv.  Vet  Akad.  BandL,  39,  n.  a,  1905,  pp.  39-90  {OcMmo). — 
[PQger,  in  Natiirl.  Pflanzenfiim.TErg.-Heft,  11,  1907,  pp.  219,  22a] 

BURSERACEAE  (pp.  190-194). 

2.  Structurs  op  the  Leaf.  The  following  are  additional  details  as  to 
the  nature  of  the  hairy  coverinjg  (Syst.  Anat.,  p.  ipi).  In  BosweUia 
Cmiieriy  Birdw.  external  glands  with  a  short  stalk  ana  a  biceUtdar  head 
divided  by  a  vertical  wafi  occur  side  by  side  with  thick-walled  dothing 
hairs  which  are  either  unicellular  or  uniseriate  (Ad.  Peter).  ProUum  senaUm^ 
Enel.  has  unicellular  trichomes,  which  are  sometimes  united  to  form  tufts, 
whue  pecuhar  unicellular  lanceolate  hairs  occur  in  Canarium  zeylanicum 
(Steppwski). 

3.  Structure  of  the  Axis.  Bargagli-Petrucci  met  mth  silica-bodies  in 
the  wood-parenchyma  of  an  undetermined  species  of  Canarium  from  Borneo. 
In  BosweUia  CarUn  the  bast-fibres  composing  the  sderenchymatous  ring  are 
septate  like  the  wood-fibres.    In  Protium  divaricatum  there  is  a  ring  of  stone« 
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cells  in  the  primary  cortex  (Stepowski).    The  resin-canals  in  Boswellia  Carteri 
are  found  also  at  me  pmphery  of  the  pith  (protoxylem). 

In  BosweUia  Carteri  the  cork  arises  subepidermally.  According  to  Hohnel 
and  Ad.  Peter  (see  also  Mohl),  the  peculiar  exfoliation  of  membranous  cork- 
layers,  already  (Syst.  Anat.,  p.  193)  described  for  species  of  BosweUia  and 
Camfniphara^  takes  its  origin  from  single  layers  of  phelloid-cells  of  peculiar 
structure ;  the  inner  tangential  walls  and  the  adjoining  portions  of  the  radiai 
walls  are  stronely  thickened,  lignified  and  silicifie^  while  the  remaining 
parts  of  the  wall  are  very  thin ;  moreover  the  sihdfied  p<ntions  are  rarely 
smooth,  but  have  delicate  ridges  running  in  the  vertical  direction  and  occasion- 
ally forking.  The  process  of  exfoliation  does  not,  however,  take  place  in  every 
layer  of  phelloid  cells,  so  that  unruptured  layers  of  these  cells  may  be  met 
with  in  the  cork. 

Literatare:  Mohl,  in  Bot.  Zcit,  1861,  p.  339.— Hohnel,  Kork,  SiU-Ber.  Wiener  AkacL,  Izxri^ 
Abt  I,  1877,  p.  605  etc. — ^Johuuuon,  Noch  wenig  bek.  Rinden,  Din,,  Dorpat,  1891,  p.  51  et  aeq. — 
Jadin,  TMbinthac^,  Jonm.  de  bot,  1893,  p.  38  a  et  seq. — Boergesen  og  Faulaen,  Vegetat  dansk.- 
Tesdnd.  Oct,  Bot  Tidsskrift,  xxii.  1898-0,  pp.  97,  98  {Bursera  gummiferay  L.).— PiUrd,  P^ricyde, 


Tbhft,  Bordeaux,  1901,  p.  84. — ^Bargagli-Petrucci,  Concrez.  silicee,  Malpighia,  1903,  p.  33  et  seq. 
and  Legnami,  loc.  dt,  p.  314  et  seq.  {Canarium,  Santiria), — Ponlsen,  LnftnKlder  hos  Canarmm 
c0mmune,  Vidensk.  Meddelels.  Kj^benhayn,  1903,  pp.  331-5. — Ad.  Peter,  Anat  d.  Veg.  Org.  von 
B9sw9llia  Carieri,  Sitz.-6er.  Wiener  Akad.,  exit,  AM.  i,  1903,  pp.  511-34  ud  Tab.  i^iii ;  see  also 
Ameiger  d.  Akad.,  1903,  p.  169.— Aresdiong,  Trop.  yaxt  bladbyggn.,  $▼.  Vet.  Akad.  Handl.,  39, 
n.  3,  I9e>5t  pp-  134-a-— Stepowski,  Anat  Unteisndi.  iiber  die  oberird.  Veg.  Org.  der  Bnneraoeen  etc, 
Diss.,  Bern,  1905,  pp.  11-51^— -[Boorsma,  Aloeholz,  Boll.  Depart,  de  TAgrie.  anx  Indes  norland., 
Tii,  1907,  p.  38  et  seq.  {CaftaHum^,'] 

MELIACEAE  (pp.  194-198). 

1.  To  the  Review  of  the  Anatomical  Features  the  following  newly 
discovered  facts  may  be  added  :  Unicellular,  two-armed  hairs  are  found  also 
in  Epicharis.  Hypoderm  is  present  in  the  leaf  also  in  certain  species  of  Aglaia 
and  Sandaricum.  Papillae  occur  on  the  lower  epidermis  of  the  leaf  also  in 
Heynea. 

2.  Structure  of  the  Leaf«  H3rpoderm  is  found  also  in  Carapa  obavaia, 
Bl.  (according  to  Areschoug),  Aglaia  cambodiana^  Pierre  and  Sandaricum 
indicum,  Cav.  (according  to  Pierre).  The  latter  author  states  that  the  lower 
epidermis  in  Heynea  Mjuga,  Roxb.  bears  rather  long  papillae. 

The  secretory  cells  characteristic  of  the  members  of  this  Order  are  accord* 
ing  to  Pierre  in  some  cases  smrounded  by  specisd  cells  resembling  an  epithelium. 
Hudlage-cells  are  stated  by  Areschoug  to  occur  in  the  paUsade-tissue  of  Carapa 
obovata. 

To  the  section  dealing  with  the  hairy  covering  we  may  add  the  following 
information.  Siniple  unicellular  clothing  hairs  are  present  also  in  si)ecies  of 
Chisackekm  and  Dysoxylum,  and  unicellular  two-armed  hairs  also  in  Epi- 
charis  fuglans,  Hance,  and  £.  hoaensisy  Pierre.  Glandular  hairs,  sunk,  like 
those  of  Cabralea,  in  deep  pits,  the  apertures  of  which  appear  as  dots  on 
the  surface  of  the  leaf,  occur  also  in  Dysoxylum  Loureiri^  Pierre  (Pierre). 
According  to  Areschoug,  peculiar  hydathodes  are  f otmd  on  the  lower  surface 
of  the  leaf  in  Carapa  obtusa ;  they  consist  of  a  small-celled  tissue  situated 
beneath  the  epidermis,  which  subsequently  becomes  resorbed  at  these  points. 

jjfote.  We  may  add  that  according  to  Pitard  the  fruit-stalks  of  Swietenia 
Mahagoni  and  Aglaia  Roxburghii  exhibit  polystelic  structure.  Tor  the  detailed 
fltmcture  of  the  horn-shaped  respixatory  organs,  found  in  Carapa  moluccensis^  Lam. 
(and  exhibiting  a  peculiar  formation  of  intercellular  spaces  in  the  primary  cortex), 
see  Kaxsten,  loc  at. 

literatare:  Kanteo,  Mangroveveeet.,  Fibl.  bot.,  Heft  aa,  1891,  pp.  51,  5a.— TRiiBby,  Coblentz 
Md  Wilcox,  CoocUUna  {Guarea),  Bull,  of  Pharm.,  1893.  p.  350  et  seq.]— Pierre,  Flore  forest,  de  U 
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Codunchine,  ni,  1896,  and  xxiii,  1897. — [Bfidmcher,  Meliju^een-Rinden,  Zettschr.  tUg.  dttendch** 
Apothdcer^Ver.,  1900^  p.  573  et  sea.;  abitr.  in  Just,  1900,  ii,  p.  4j.]---PiUrd,  P^icyde,  Thte, 
Bordeuzy  1901,  p^  93.-*AreidioDg,  mngroTevegetat^  Bibl.  bot.,  Heft  56, 190a,  pp.  46,  47  and  Tab. 
iii-i¥. — ^Baii^li-Petniocl,  Lagnami,  Malpigliia,  ittDa,  p.  516  et  seq.  (CVm^,  t^soxylum^  Samda^ 
WbMf).— Piura,  Polystdie,  Actes  Soc  Linn,  de  fiordcaaz,  s6r.  6,  t.  Tii,  190a. — ^Arescho  *** 
viizt.  bladbyggn.,  St.  Vet  Akad.  Handl.,  59,  n.  a,  1905,  pp.  98,  99  {Cipadessa), — ^Picdoli, 


WbMf).— PiU^,  Polystdie,  Actes  Soc  Linn,  de  Bordcaaz,  a6r.  6,  t.  tU,  190a. — ^Aieschooff,  Trop» 
vazt.  bladbyggn.,  St.  Vet  Akad.  Handl.,  59,  n.  a,  1905,  pp.  98,  99  {Cipadessa), — ^Picdoli,  Legnami^ 
BnlL  Siena,  1906,  pp.  147, 149  and  163.— [Tor  additional  literature  see  p.  1171.] 


CHAILLETIACEAE  (pp.  198-200) 

andolle,  Inflor.  toiphvUes,  M^m.  Soc  de  phys.  et  < 
vol.  snpp.,  sep.  copy,  p.  14  et  seq. — ^Pitard,  Pericycle,  Th^,  Bordeaux,  190 1,  p.  93. 


Literature:  C.  de  Candolle,  Inflor.  toiphylles,  M^m.  Soc  de  phys.  et  dliist.  nat  Geneve.  i89»« 
— Pitard,  P/rlcycle, '"•  *       ~     " 


OLACINEAE  (pp.  200-209). 

1.  Anatomical  Features.  First,  as  regards  the  structure  of  the  leaf» 
we  may  add  that  stomata  with  subsidiary  cells  placed  parallel  to  the  pore, 
previously  recorded  in  OpUia^  are  present  also  in  Coula  and  other  fi^enera,  hypo^ 
derm  also  in  species  o|  Schhpfia,  spicular  cells  in  Anacalosa  pwerula,  Kurz» 
and  spicular  fibres  running  freely  in  the  mesophvll  in  tdinquartia  and 
EganAus^.  In  the  Olacineae  recently  investigated  by  Colozza,  the  wood- 
prosenchyma  also  bears  bordered  pits  m  all  cases.  Laticiferous  tubes^  already 
recorded  in  Endusa  and  Cardiapteris,  are  present  also  in  Coula^  EgatUhus, 
Minquartia  and  Ochanostachys^  whilst  schizogenous  secretory  cavities,  besides 
occurring  in  Coula  and  Endusa^  have  been  observed  in  Eganihus,  MinquarHa 
and  Ochanostachys.  Amongst  noteworthy  tj^pes  of  hairs  we  may  mentiop 
the  branched  multicellular  trichomes  of  Xitnenia  caffra,  Sond.  and  the  tufted 
hairs  found  on  the  branches  of  Coula^  Ochanostachys  and  Minquarlia. 

2.  Structure  OF  THE  Leaf".  Van  Tieghem  states  that  the  leaves  in  Cok&i^ 
Ochanostachys  and  Minquartia  have  bifacial  structure  with  the  stomata  on  the 
lower  side.  According  to  the  same  authority  the  stomata  are  accompanied 
by  subsidiary  cells  placed  parallel  to  the  pore  in  Coula  edulis^  and  according  to 
Pierre  in  AfMcalosa  Clarkii^  Pierre,  Mdientha  suavis^  Pierre,  Olax  iwbncaia^ 
Roxb.  var.  cambodiana,  Pierre,  Schipfia  fragrans.  Wall,  and  S.  Miersii^  Pierre, 
and  according  to  Gerhard  in  Apodytes  dinMxata,  The  two  species  of  Sch&pfia 
just  named  have  a  hypoderm  composed  of  two  layers.  According  to  Colozza, 
the  mesophyll  in  HeisUria  caulifU>ra^  Sm.  and  Anacalosa  puberula^  Kurz  con- 
tains '  sclerenchymatous  idioblasts,'  while  in  Minquartia  and  Eganthus^  accordr 
ing  to  Van  Tieghem,  it  includes  sclerenchjrmatous  fibres,  having  the  same 
structure  as  those  of  Endusa. 

According  to  Van  Tieghem,  three  vascular  bundles  pass  out  into  the  leaf 
in  Coula,  Minquartia  and  Ochanostachys ;  the  two  lateral  bundles  branch 
o&  from  the  vascular  ring  of  the  axis  a  little  way  below  the  node.  Ac-» 
cording  to  Pierre,  there  are  likewise  three  btmdles  in  Anacalosa,  Apodytes; 
Erytkropalum,  Olax  and  Stronibosia,  while  in  Mdienlha,  SchSpfia  and  Ximenia 
there  is  only  a  single  bundle.  The  petiole,  according  to  Colozza,  contains 
a  stele  in  Cdida,  Hetsteria,  Ochanostachys,  Scorodocarpus  and  Strombosia,  while 
in  Anacalosa,  Liriosma,  Olax  and  Ximenia  the  vascular  bundles  are  arranged 
to  form  an  arc. 

A  few  facts  may  be  taken  from  the  new  records  of  the  occurrence  oi 


'  Van  Tieghem  unites  Coula,  Eganthus,  Endusa  and  Minquartia  to  form  a  separate  Order 
(Coulaoeae). 

*  Colozza*s  recent  investigations  on  the  structure  of  the  leaf  deal  with  the  genera  AnacaUta^ 
Coula,  HHsteria,  Liriosma,  Ochanostaekys,  Olax,  Strombosia  and  Ximima\  Colocxa  moxeoTer  also 
examined  the  structure  of  the  axis  in  these  genera,  as  well  as  in  Schififia. 
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secretory  organs  mentioned  above.  According  to  Van  Tiegbem,  the  laticiferous 
tabes  found  in  Caula,  Minquariia^  Ochanostachys  and  E^anihus  are  branched 
and  unseptate  ('  non  cloisonn£<» ')  ^ ;  special  emphasis  is  laid  on  the  latter 

E>int,  at  least  as  far  as  the  three  first-named  genera  are  concerned.  The 
ticiferous  elements  are  present  in  the  pith^  jnimary  cortex  and  bast  of  the 
branch ;  in  the  leaf  they  are  met  with  especially  m  the  veins.  According 
to  Van  Tieghem,  the  secretory  cavities  occur  in  the  primary  cortex  of  the 
branch '  and  in  the  mesophyll ;  in  Coula^  Minquartia  and  Ochanostachys  their 
contents,  as  in  the  case  of  Endusuy  assume  a  blue  colour  after  treatment  with 
Eau  de  Javelle. 

Colozza  has  published  a  number  of  new  statements  on  the  mode  of  deposi- 
tion of  oxalate  of  lime  in  the  axis,  the  lamina  of  the  leaf  and  the  petiole.  Of 
these  we  may  mention,  that  soUtary  crystals  occur  also  in  Coula^  Liriosma, 
Ochanostachys,  Strombosia  and  Ximenta,  and  clustered  crystals  also  in  Anacalosa^ 
Coida^  Heisteria  and  Ochanostachys, 

We  may  lastly  mention  the  special  forms  of  clothing  hairs  that  have  been 
recently  recorded.  Colo22a  describes  the  trichomes  of  jCimenia  caffra  as  '  peli 
pluricd^ulari,  semplici  o  ramificati,'  Van  Tieghem  those  of  Coila^  &c.,  as 
poils  unis6ri6s,  ramifife  &  la  base  en  forme  de  bouquet.' 

3.  Structure  of  the  Axis.  The  previous  account  of  the  structure  of  the 
cortex  needs  the  following  additions.  In  Coida,  Minquartia  and  Ochanostachys 
the  development  of  the  cork  takes  place  in  the  subepidermal  layer  of  cells  ;  in 
these  genera  cells  with  strongly  thickened  tangential  walls  are  found  amongst  the 
thin-waUed  cells  of  the  cork  (Van  Tieghem).  According  to  Van  Tieghem,  the 
pnericyde  in  the  three  genera  just  named  contains  a  composite  and  continuous 
ring  of  sclerenchyma ;  Colo2za  describes  bands  of  bast-fibres  as  present  in 
the  pericycle  in  species  of  Liriosma,  Olax,  Sch&pfta  and  Ximenia,  and  a  ring 
of  sclerenchynia  in  species  of  Anacalosa,  Heisteria,  Scorodocarpus  and  Strom- 
bosia^ while  Pitard  records  isolated  groups  of  bast-fibres  in  ^e  pericycle  of 
Heisteria  coccinea  and  Olax  imbricata  {Fissilia  psittacorum).  Secondary  hard 
bast  has  been  observed  in  Liriosma  (Kleesattel). 

According  to  Leisering,  the  interxylary  phloem  found  in  Sarcostigma 
Kkinii  is  given  off  by  the  cambium  on  its  outer  side,  but  subsequently  becomes 
bridged  over  by  a  cambial  arc  ;  in  other  words,  its  mode  of  development  is 
that  characteristic  of  the  Strychnos-type. 

Literature :  WijnaendU  Francken,  Sklerdden,  Diss.,  Utrecht,  1890,  p.  52^— Kleesattel,  Main 
Ptuuna,  Diss.,  ErUmgen,  189a,  44  pp.,  a  Tab.— Pierre,  Flore  forest  de  la  CochinchiDe,  zvii,  189a. 
^Ldtering,  Interxylaeres  Leptom,  Diss.,  Berlin,  1899,  p.  17.— Van  Tieghem,  Deux  genres  noaY. 
pour  la  £un.  d.  Coolaoto,  BoU.  Mns.  d*hist.  nat.,  1899,  pp.  97-100.— Van  Tieghem,  Coolao^ 
Jonrn.  de  bot.,  1899,  pp.  64;h-79;  «nd  Ann.  sc.  nat,  s^r.  8,  t  x,  1899,  pp.  135-36.— Heckel,  Parasl- 
tisme  de  Xim€ma  amgricana,  Comptes  rendus,  Paris,  cxxxi,  15^,  pp.  764,  765. — Pitard,  P^cyde^ 
Th^,  Bordeaux,  1901,  pp.  84  and  93.— Baigagli-Petmcci,  Legnami,  Malpig^,  190a,  p.  393 
(Surcd0€arptu).^Gt^uM,  Blattanat.  ▼.  Gew.  d.  Knysnawaldes,  Diss.,  Basel,  190a,  pp.  10,  11 
fif^iKJ^x).— Van  Tieghem,  Conlao^  Joom.  de  hot.,  190a,  p.  335.— Colozza,  Anat  deUe  Oladn., 
Mnovo  Giom.  bot,  Itul,  xi,  1904,  pp.  539-65. 

OCTOCNEMACEAE. 

We  may  follow  Engler  (Natiirl.  Pflanzenfam.,  Erganz.-Heft,  i,  igoo, 
p.  19)  and  Van  Tieghem  in  rqg;arding  the  genus  Octocnema  as  constituting 
a  special   Order.     Octocnema  is  characterized  by  the  following  anatomical 

*  Van  Tieghem  also  describes  the  latidferons  tubes  present  in  Endusa  as  nnseptate,  bat  this  is 
not  the  case  (see  Syst.  Anat.,  p.  aoa) ;  he  himself  observed  the  occurrence  of  anastomoses  in  this 

*  CoIozza*s  statement  that  in  Coula  and  Ochanostachyt  the  secretory  cavities  occur  also  in  the 
pith  is  no  donbt  incorrect 
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ieatnres :  multicellular  tufted  or  steUate  clothing  hairs ;  oicalate  of  lime  in 
the  form  of  solitary  crystals  ;  stomata  without  subsidiary  cells  ;  absence  of 
cortical  vascular  bundles ;  a  composite  and  continuous  ring  of  sclerenchyma 
in  the  pericyde ;  occurrence  of  secondary  hard  bast ;  and  subepidennal 
development  of  cork. 

The  two  species,  0.  Klaineana^  Pierre  and  O.  affinis^  Pierre,  have  been 
examined  by  Van  Tieghem.  The  hairy  covering  varies  somewhat  in  the  two 
cases,  beinp;  floccose  or  tufted  in  O,  Klaineana^  and  composed  of  stellate  hairs 
having  their  ray-cells  spread  out  parallel  to  the  surface  of  the  organ  in  O.  affims. 
The  mesophvll  is  compact  on  the  upper  side  of  the  leaf  and  lacunar  towards 
the  lower  side ;  the  outer  layer  of  the  compact  portion  contains  thick  crystals. 
The  stomata  are  confined  to  the  lower  surface  of  the  leaf.  The  vascular  btmdles 
in  the  lateral  veins  are  accompanied  by  hard  bast  and  provided  with  an 
endodermis  containing  crystals.  Five  vascular  bundles  pass  out  into  the  leaf ; 
for  the  further  course  of  these  bundles,  which  varies  slightly  in  the  two  species, 
see  Van  Tieghem,  loc.  cit. 

As  regards  the  structure  of  the  axis,  we  may  first  note  that  the  cork,  as 
above  mentioned,  devdops  in  the  subepidermal  layer  of  cells.  The  cells  of 
the  cork  are  sclerosed  on  the  outer  tangential  and  radial  waUs.  The  primary 
cortex  contains  stone-cells,  which  are  either  thickened  uniformly  or  in  the 
form  of  a  horseshoe  ;  in  the  latter  case  they  enclose  a  crystal.  The  endodermis 
is  not  distinctly  differentiated,  although  many  of  its  cells  contain  crystals. 
In  young  branches  the  pericyde  comprises  isolated  groups  of  bast-fibres,  but 
in  later  stages  a  composite  and  continuous  ring  of  sclerenchyma  is  devdoped. 
The  secondary  bast  of  the  thicker  branches  contains  small  groups  of  bast-fibres, 
which  are  arranged  in  several  layers  and  are  envdoped  by  chambered  crystal- 
fibres  with  solitary  crystals.  The  medullary  rays  of  the  wood  are  tmiseriate. 
Nothing  is  known  as  to  the  structure  of  the  vessels  and  wood-prosenchjrma. 
The  pith  indudes  groups  of  stone-cells,  whilst  in  its  peripheral  portion  an  arc 
of  lignified  tissue  is  situated  opposite  each  group  of  primary  xylem. 

litentnre :  Van  Tieghem,  Octocn^e,  Journ.  de  bot.,  1905,  pp.  45-58,  etpecially  pp.  47-50. 


ILICINEAE  (pp.  209-211). 

2.  Structure  of  the  Leaf.  Supplementary  observations  on  the  structure 
of  the  leaf  are  contained  in  Cador's  work  (loc.  cit.)  and  in  the  literature  cited 
bdow.  In  surf  ace- view  the  epidermal  cells  show  straight  or  undulated  lateral 
mar^[]ns ;  in  other  cases  they  appear  to  be  undulated  at  a  high  focus  and 
straight  at  a  low  focus,  this  feature  being  combined  with  the  presence  of  marginal 
pits.  A  two-layered  epidermis  on  the  upper  side  of  the  leaf  has  been  recorded 
also  in  Ilex  canariensiSy  Poir.  and  I,  capensis^  whilst  in  I^.theezans,  Mart.  var. 
fertilise  Loes.  and  var.  RtedeHi^  Loes.  the  epidermis  consists  locally  of  two  layers ; 
in  J.  chamaedryfoHa^  Reiss.  var.  typicUy  Loes.  occasional  horizontal  division- 
walls  are  met  with  in  the  upper  epidermis.  A  one-layered  hypoderm  is  stated 
to  occur  on  the  upper  side  of  the  leaf  in  /.  platyphylia,  Webb  et  Berth.  Gela- 
tinization  often  affects  almost  all  the  cells  of  the  upper  epidermis,  whUe  in  other 
cases  isolated  cells  of  both  upper  and  lower  epidermis  exhibit  this  feature. 
Gelatinization  has  been  recorded  in  the  following  spedes  and  varieties  :  Ilex 
affinisy  Gardn.  var.  genuinUf  Loes.  and  var.  rivulariSy  Loes.,  /.  atnara,  Loes.  var. 
hngifoliay  Loes.  and  var.  latifoliay  Loes.,  J.  Caroliniana,  Loes.,  /.  Cassine^ 
L.  var.  myrtifoliay  Chapm.,  /.  chatnaedryfolia,  Reiss.  var.  typica,  Loes.,  J.  cognatUy 
Reiss.,  /.  Cof^ohinhay  Reiss.,  /.  conocarpuy  Reiss.,  /.  CujabensiSy  Reiss.,  /.  dumosa^ 
Reiss.  var.  uuaranifMy  Loes.,  J.  glabra^  Gray,  J.  GlaziovianUy  Loes.,  /.  Para- 
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guariensiSf  St.  Hil.  var.  genuina^  Loes.,  J.  Pstuioihea^  Reiss.,  /.  sympiodformis^ 
Reiss.  In  some  cases  the  epidermal  cells  exhibit  a  palisade-like  dongation  la 
transverse  sections  of  the  leaf,  e.g.  in  J.  tkeezans  var.  fertiUs.  The  cuticular 
ridges  occasionally  form  a  kind  of  rampart  around  the  i^omata ;  in  7.  tkeezans 
var.  typica  the  stomata  are  surmotmted  by  a  ridge-like  elevation  or  a  chimney- 
shaped  space,  as  the  case  may  be,  due  to  the  neighbouring  cells  projecting  m 
the  form  of  a  ridge.  The  neighbouring  cells  of  the  stomata  in  some  cases 
bear  a  slight  resemblance  to  subsidiary  cells,  e.g.  in  /.  Paraguariensis.  The 
mesophyll  commonly  contains  fat-bodies.  In  i.  Cassine  var.  myrUfoUa  the 
two  lowest  layers  of  the  spongy  tissue  consist  of  cells  with  thick  pitted  walls ; 
the  palisade  and  spongy  tissue  in  J.  glabra  contains  round  cells  having  wide 
lumina  and  sclerosed  on  one  side. 

An  additional  feature  presented  by  the  hairy  covering  is  the  occasional 
occurrence  of  long,  unicellular  trichomes.  The  clustered  crystals  of  oxalate 
of  lime  are  frequently  enclosed  in  relatively  large  cells,  which  are  differentiated 
as  idioblasts.  In  Ilex  Cassine  var.  myrtifolia^  I.  dumosa  var.  Guaranina,  and 
/.  paUarioides,  Reiss.,  Cador  met  with  sphaerocrystalline  masses  (hesperidin  ?) 
in  the  epidermis  of  the  leaf,  while  in  /.  Pseudoihea  he  observed  yellowish  crystals 
of  varymg  size  and  composed  of  an  unknown  chemical  substance. 

For  the  distribution  of  the  abundant  cork-warts,  which  in  certain  species 
cause  a  punctate  appearance  on  the  lower  surface  of  the  leaf,  see  especially 
Loesener  s  monograph  (in  Nova  Acta  Leopold.-Carol.  deutsch.  Acad.,  bocviii,. 
1901) ;  regarding  the  occurrence  of  domatia  and  their  structure,  see  Loesener 
in  BioW.  Centralbl.,  1893,  p.  449  et  seq. 

3.  Structure  of  the  Axis.  According  to  Pitard,  a  composite  and  con- 
tinuous ring  of  sclerench3ana  is  present  also  in  Ilex  celastroiaes  and  Byrania 
taitensis. 


literatnre :  Pierre,  Flore  forest,  de  la  Cochinchine,  xviii,  1893. — ^Loesener,  lUx  paraguariemis, 

zbl.  Berlin,  n.  10,  1897,  p.  314  et  seq. — Cador,  Anat.  Untersuch.  der  Matebl.,  Diss.,  Erlangen, 

pp.;  sep.  copy  from  Bot.  Centralbl.,  1900,  iv,  p.  341  et  seq. — Keamy,  in  Contribat.  U.  S.  NaL 


Notizbl.  Berlin,  n.  10,  1897,  p.  314  et  seq. — Cador,  Anat.  Untersuch.  der  Matebl.,  Diss.,  Erlangen, 
39  PP-;  sep.  copy  from  Bot.  Centralbl.,  1900,  iv,  p.  341  et  seq. — Kearny,  in  Contribnt.  U.  S.  NaL 
Herb.,  V,  5,  1901,  p.  296. — PeterKn,  Vedanatomi,  1901,  pp.  50,  51. — ^Pitard,  P^ricycle,  These, 


Bordeaux,  1901,  p.  73. — Baigagli-Petmcci,  Legnami,  Malpighta,  190a,  p.  333.— -Clanditz,  Blattanat. 
canar.  Gew.,  Diss.,  Basel,  190a,  pp.  33-6. — &rhard,  Blattanat.  v.  Gew.  d.  Knysnawaldes,  Diss., 
Basel,  1903,  pp.  11-14^ — Neger  and  Vanimo,  Paiaguaythee,  1903,  pp.  449-53.-- Picdoli,  Legnami, 
Bull.  Siena,  1906,  p.  136. — [For  additional  literature  see  p.  11 70.] 


CELASTRINEAE  (pp.  212-214). 

Thanks  to  the  recent  investigations  of  Stenzd  and  Metz,  the  structure  of 
the  leaf  and  axis  in  this  Order  is  now  well  known.  Their  work  necessitates  the 
following  alterations  or  additions  in  the  general  diagnosis'.  The  development 


^  The  plant  which  Gerhard  describes  under  the  name  of  *IUx  Cassini*  (sphalm.  ex. '  /.  Cassine '), 
from  specimens  growing  in  the  Botanic  Gardens  at  Basel,  does  not  belong  to  the  genos  Ilex,  as  is 
shown  by  the  anatomy  of  the  leaf  (spicular  cells,  peltate  glands) ;  except  for  the  statement  as  to  the 
occurrence  of  clustered  crystals  there  is  nothing  against  the  plant  in  question  being  a  member  of  the 
Oleaoeae. 

*  Stenzers  and  Metz's  investigations  extend  to  the  following  genera,  which  are  enumerated  in 
ihe  serial  order  of  I^oesener*8  system:  Euonymus,  Lophcpetalum,  *Glyptopetalum^  Microtropis, 
Denkamia^  Celastrus,  Maytenus^  Gymnosporia^  Puiterlickia^  Caiha,  Pterocelcutrus^  Polycardia^ 
Kurrimia^Pachystima^^Kokoana, **Zincwiewi€^ Plenckia^  Tripterygium^  Wimnuria^Elaeodendron^ 
Cassine,  Mystroxylon,  Maurocenia^  Hartogia^  PUurostylia^  *Lauridia,  **Gyminday  Myginda^ 
Fraunkofera,  Mortonia,  ^Glossopeialum^  Sckaefferia,  ^Perrotteiia,  Geupia,  and  Siphonodon,  The 
genera  provided  with  an  *  have  been  investigated  by  Stenzel  only,  those  marked  with  **  by  Metz 
only ;  Stenzel's  work  deals  with  the  structure  of  the  leaf  and  axis,  whilst  that  of  Metz  Is  concerned 
only  with  the  structure  of  the  leaf. 
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of  the  cork  occasionally  takes  place  in  a  deeply  situated  cell-layer  of  the  primary 
cortex.  The  haiiy  covering  consists  of  unicellular  or  uniseriate  clothing  hairs^ 
the  former  often  being  short  and  differentiated  as  papillae ;  hairs  are  not  of 
common  occurrence  and  are  never  present  in  large  numbers.  Special  forms 
of  clothing  hairs  (such  as  unicellular  one-  or  two-armed  hairs,  and  forked  multi- 
cellular tnchomes)  are  very  rare.  A  widely  distributed  feature  is  the  occurrence 
of  small  bodies,  consisting  of  caoutchouc  or  fat,  in  the  mesophyll.  Special 
features  in  the  structure  of  the  leaf  may  be  briefly  enumerated  as  follows : — 
palisade-like  differentiation  of  the  epidermal  cells ;  papillae  -on  the  epidermis 
(very  rare) ;  mucilaginous  epidermal  cells  (very  rare) ;  peculiar  pit-canals  in 
the  outer  wall  of  the  epidermal  cells  (Martonia) ;  hypoderm  or  an  epidermis 
of  several  layers ;  crystal-cells  in  the  epidermis ;  spicular  fibres  in  the  meso- 
phyll.  The  secretory  receptacles  are  represented  by :  (a)  long  secretory  sacs, 
wmch  are  mostly  filled  with  a  substance  resembling  caoutchouc  and  capable  of 
being  drawn  out  into  threads  {'  spinning ')  (CdastruSy  Euonymus,  Mysiroxylon^ 
Wimmeria) ;  (b)  secretory  canals  (MorUmia^  Pachystima) ;  and  (c)  tannin- 
idioblasts.  The  earlier  statement  as  to  the  presence  of  '  resin-cells  ? '  in 
Kokoona  has  been  traced  to  the  occurrence  of  cork-warts  on  the  lower  side  of 
the  leaf. 

In  the  Structure  of  the  Leaf  the  epidermis  in  the  first  place  affords 
a  large  number  of  systematic  characters.  The  size  of  the  epidermal  cells, 
the  nature  of  their  lateral  margins  and  the  thickness  of  the  outer  walls,  are 
features  which  are  subject  to  variation.  Palisade-like  elongation  of  the 
CTidermal  cells  is  foimd  in  Cassine  scandens^  Eckl.,  Gymnosforia  laurina^  Szysz., 
Kokoona  zeylanica,  Thw.,  Maurocenia  Frangulariay  Mill.,  Mortonia  Greggii^ 
Gray,  Polycardia  Hildebrandiii,  Baill.,  species  of  Pterocdastrus,  and  PuUer- 
Kckta  pyracaniha,  Endl.  Striation  of  the  cuticle  is  met  with  in  species  of 
MicrotropiSf  Polycardia  and  Zinowiewia^  especially  in  the  neighbourhood  of 
the  stomata.  In  Catha  eduliSy  Forsk.  and  Goopia  glabra^  AubL  the  outer  walls 
bear  linear  pits ;  in  Polycardia  HUdebrandUiy  Baill.  and  P.  libera^  O.  Hoffm.  they 
are  provided  with  delicate  pits.  In  Mortonia  Greggii,  Gray  the  outer  walls 
are  traversed  by  peculiar  lon^  pit-canals,  which  may  be  either  branched  or 
unbranched,  and  run  in  all  directions,  though  for  the  most  part  parallel  to 
the  principal  vein ;  the  outer  ends  of  these  canals  invariably  come  to  lie  above 
the  lateral  margins.  Marginal  pits  have  also  been  observed  in  forms  having 
epidermal  cells  with  undulated  lateral  margins  (species  of  Cassine,  Elaeoden- 
aronj  Gyminda^  Kurrimia,  Lauridia).  In  some  cases  (species  of  Elaeodendron, 
Gymnosporia^  idaurocenia,  Maytenus^  Microtropis,  Myginda)  the  lumina  of  the 
epidemial  ceUs  are  considerably  narrowed  owing  to  the  thickening  of  the  walls. 
Mucilaginous  epidermal  cells  have  only  been  recorded  in  Goupia  glabra,  AubL, 
PerroUdia  alfestris,  Loes.  and  P.  sandwicensis.  Gray.  Accordmg  to  Metz, 
occasional  epidermal  cells  are  very  commonly  drawn  out  into  papillae  or  short 
papillose  hairs.  A  typical  papillose  epidermis  is,  however,  present  only  in 
Wtmmeria  confusa,  Hemsl.  (on  the  upper  side  of  the  leaf)  and  in  Siphonodon 
celasHnus,  Griff,  (on  the  lower  side  of  the  leaf).  In  certain  species  of  Gymno- 
sporia,  Catha,  Elaeodendron  and  Plenckia  the  epidermis  consists  loodly  of 
two  or  three  layers  owing  to  the  presence  of  division-walls  parallel  to  the 
surface  of  the  leaf,  while  in  Goupia  glabra,  AubL,  Gymnosporia  linearis,  Loes., 
G.  senegalensis,  Loes.  and  G.  WaUichiana,  Spreng.  the  epidermis  is  typically 
two-  or  three-layered.  In  Goupia  glabra  the  horizontal  division-walls  are 
accompanied  by  vertical  ones ;  vertical  walls  are  also  present  in  species  of 
Euonymus,  Gymnosporia,  Kurrimia  and  Polycardia.  Hypoderm  is  of  frequent 
occurrence.  A  continuous  hj^poderm  consisting  of  one  or  more  layers  and 
situated  either  only  on  the  upper  or  on  both  sides  of  the  leaf  has  been  observed 
in  certain  species  of  Cassine,  Celastrus,  Denhamia,  Elaeodendron,  Gyminda, 
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Gymnosporia^  Maurocenia^  Maytenus,  Myginda^  MysttoxyUm  and  Sckaefferia  \ 
In  other  species  belonging  to  these  genera,  as  wdl  as  in  Plenckia  populnea, 
Reiss.y  the  hypoderm  is  confined  to  certain  parts  of  the  leaf,  situated  especially 
in  the  neighbourhood  of  the  veins.  A  last  feature  requiring  special  mention  is 
the  occurrence  of  crystal-cells  in  the  epidermis  of  the  leaf  m  species  of  Cathm^ 
Denhamiaj  Elacodmdron^  Euonymus,  Gyminda^  Kurrimia,  LophopekUum, 
MayUnus^  Microtropis^  Myginda^  Pleuro^lta,  Siphonoion,  and  Wimmeria\ 
In  most  cases  each  of  the  crystal-cells  contains  a  solitary  crystal,  rarely  a 
clustered  crystal.  These  crystal-cells  are  found  either  in  both  upper  and  lower 
epidermis,  or  only  in  the  lower  epidermis,  and  may  be  present  in  large  or  small 
numbers.  In  certain  species  they  differ  from  the  remaining  epidermal  cells,  this 
being  especially  the  case  in  the  species  of  Elaeodendron.  Here  the  crystal-cells 
either  form  rows  of  as  many  as  twelve  cells  or  groups  of  two  to  six  cells  lying 
side  by  side,  or  are  isolated ;  in  the  latter  case  they  are  surrounded  by  a  kind  of 
rosette  formed  by  the  neighbotiring  cells ;  the  crystal-idioblasts  are  further 
frequently  rounded  and  smaller  tha^  the  other  epidermal  cells,  and  may  even 
have  thickened  inner  walls  in  which  the  crystals  are  inserted.  Gyminda 
shows  similar  features  to  those  just  described  for  the  species  of  Elaeodeniron. 
In  Siphonodon  the  aystal-cells  are  distinguished  from  the  other  epidermal 
cells  by  the  absence  of  papillae.  In  LophafOalum  and  Micratropis  discdor. 
Wall,  ordinaiy  cells  of  the  epidermis  are  diviaed  up  into  two  or  three  chambers 
by  means  of  delicate  walls,  each  chamber  enclosing  a  clustered  crystal. 

The  stomata  are  as  a  rule  confined  to  the  lower  side  of  the  leaf.  They  are 
develoj>ed  in  considerable  numbers  on  the  upper  side  of  the  leaf,  for  instance, 
in  species  of  Gymnosparia  and  MaytenuSy  as  well  as  in  MorUmia.  There  is  no 
uniform  type  of  stoma.  In  most  cases  the  stomata  are  surrounded  by  3,  4  or 
more  neighbouring  cells,  but  in  many  species  some  of  the  stomata  are  accom- 
panied by  subsidiary  cells  placed  parallel  to  the  pore.  According  to  Mets, 
the  Rubiaceous  typ^  is  well  marked  in  Kurrimia  ;  in  Laundia  there  are  mostly 
two  pairs  of  subsidiary  cells  arranged  cross-vdse,  and  in  Mortonia  the  pairs  of 
guard-cells  are  surrounded  by  a  rosette  of  smaller  epidermal  cells. 

The  leaves  for  the  most  part  show  bifacial  structure.  Distinct  centric 
structure  with  palisade- tissue  situated  on  both  sides  of  the  leaf  has  been  recorded 


»  The  species  arc :  Cassine  barharay  L.,  C.  capensis,  L.,  C,  sphoirophyUa,  O.  Klie.  ;  CdoMtnu 
australiSf  F.  v.  M.,  C.  disperma,  F.  v.  M.,  C.  papuamiy  Warb. ;  Dtnhamia  obscura^  Meissn. ; 
Elaeodmdrm  australe.  Vent.,  E.  capensisy  Eckl.  et  Zeyh.,  E,  croceum,  DC.,  E.  gtauatm,  Pets., 


A'.  ilicifoHumy  Hochst.,  E,  oritniafey  Jacq.,  E,  papillosufHy  Hochst.,  E.  fuadranguhUumy  Rdtt., 
E,  Sckweinfytrthianumt  Loes.,  E.  xylocarpum^  DC. ;  Gyminda  Grisebtukii,  Saig. ;  Gymm^mria 
angularisy  Loes.,  G,  buxifoliay  Szysz.,  G.  Cunninghamiiy  Loes.,  G,  lucidoy  Loes.,  G,  pfcumhem^ 
Loes.,  G.  vetunatay  Szysz.,  also  (r.  (?)  gracilis y  Pierre  and  G,  mekmtgensiSy  Pierre,  according  to 
Pierre;  Mamvcenia  FrangulariCy  Mill.;  Maytenus  obtusifoHay  Mart,  M.  phylioMthmdes,  Benth., 
M.  viscifiliay  Griseb.,  M,  Vitis  Idaeoy  Griseb. ;  Myginda  Gaumeri,  Loes.,  M.  ilictfaliay  Lam., 
M.  iati/oliay  Sw.,  M.  pallenSy  Sm.,  M.  Rhacoma^  Sw. ;  Mystnxvkn  pttbesceusy  Eckl.,  M.  tpkaev- 
phyllumy  Eckl.  et  Zeyh.  ^  lUoraiCy  Harv.  et  Sond. ;  Schatjfkriafruttscemy  Jacq. 

'  The  species  in  question  are  the  following:  Catha  eduliSy  Forsk.  (clnst.  cryst.);  DenHamia 
obscuroy  Meissn.;  Elaeodendron  austraUy  Vent,  E,  capenUy  Eckl.  et  Zeyh.,  E,  croceumy  DC., 
E.  giaucunty  Pers.  (clnst.  cryst.  or  soliUry  snd  clnst.  cryst.),  E.  ilicifoUumy  Ten.,  E.  oriemiaUy  Jaoq., 
E.  papUlotumy  Hochst.,  E^  quadranguUUumy  Keiss.,  E.  Sckweinfurthiatmmy  Loes.  (solitur  and 
clust.  cryst),  E,  xylocarpuniy  DC;  Euonymus  anuricamnSy  L. ;  Gyminda  Grisebachiiy  Saig.; 
Kurrimia  (according  to  Stenzel) ;  Loph^tdlum  fimhriatum^  Wight,  Z.  IV^gAlianum,  Am. ; 
Maytenus  acanikophyllay  Reiss.,  M,  aquifoliay  Mart.,  M,  basidentatay  Keiss.,  M.  Catingarvmy  Reiss., 
M.  korridAy  Reiss.,  M,  ilicifoliay  Mart.,  M,  laeviSy  Reiss.,  M.  macrophylla^  Mart.,  Af,  MOUeri^ 
Schwacke,^.  myrsinoides^  Reiss.,  M,  obtusifolia^  Mart.,  M.  rigida^  Mut.,  M.  viscifilia^  Giiseb.; 
Microtrofis  bivahns^  Wall.,  M,  densijhm,  Wight,  M.  discohry  Wall.,^/:  latifoHa,  Wight.  M.  wali- 
folia,  Vlight'y  Afyginda  Crossofetalum,  L.,  M,  tatifoliay  Sw. ;  Plenrostylia  Wigktiiy  Wight  et  Am. 
(acicnlar  cirsufs);  Siphonodon  celastrinuSy  Grifl.  (clnst  oyst);  IVtmmeria  semtla/ay  Radlk. 
(solitary  and  dnst.  cryst.)<  Except  where  there  Is  a  special  statement  to  the  contrary,  only  solitajy 
oystals  are  present 
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in  species  of  Gymnosforiay  Maytenus  and  Marionia,  while  the  mesophyll  is 
homogeneous  in  speaes  of  Gymnosparia^  Myginda  GaumeHi  Loes.  and  Zino- 
vriemia  iniegerrimaf  Turcz.  Other  noteworthy  features  are  :  pahsade-cells 
exhibiting  transverse  division  (in  species  of  Martonia  and  Pachystima) ;  layers 
of  rather  strongly  thickened  ceUs  (in  the  palisade-tissue  in  Elaeoiendron  Schwein* 
furthianwn^  and  in  the  spongy  tissue  in  Maurocenia) ;  and  spicular  fibres 
(in  species  of  Gymno^^oria^  Maurocenia,  Maytenus,  Microtropis,  Pterocdastrus, 
and  Schaefferia ').  The  spicular  fibres  branch  oS  from  the  sclerench3rma  of 
the  veins  and  penetrate  more  or  less  deeply  into  the  mesophyll ;  in  some  cases 
they  extend  as  far  as  the  epidermis,or  may  even  spread  out  between  the  epidermis 
and  the  mesophyll.    They  are  rarely  present  in  any  considerable  numbers. 

According  to  Pierre,  the  petiole  is  sum>Ued  by  three  vascular  bundles  in 
Kunimia,  but  only  by  a  single  bundle  in  Celastrus,  Elaeodendron,  Euonymus, 
Gymnosporia,  Micn^opis,  Pleuroslylia  and  Siphonodon.  The  vascular  system 
of  the  petiole  and  midrib  is  either  of  a  horseshoe  form  or  annular  and  closed. 
In  the  latter  case  medullary  vascular  bundles  are  occasionally  {Goupia,  Kur^ 
rimia,  Lophopetalum)  found  within  the  vascular  ring,  and  in  Gauiia  glabra 
there  is  also  a  cortical  bundle  situated  in  each  of  the  two  angles  of  the  petiole. 
The  vascular  bundles  of  the  veins  are  for  the  most  part  accompanied  byscleren* 
chjrma.  Vertical  transcurrence  of  the  smaller  veins  has  been  observed  in  species 
of  Cassine,  Plenckiaj  Tripterygium  and  Wimmeria.  Enlarged  terminal  tracheids 
are  present  in  species  of  Goupia,  Myginda  and  Schaefferia,  while  similar  re-* 
ticukitdy  thickened  cells  accompany  the  vascular  bundles  of  the  veins  in 
Polycaraia  libera,  O.  Hofbn. 

The  description  of  the  structure  of  the  leaf  may  be  followed  by  a  general 
discussion  of  the  hairy  covering,  the  mode  of  deposition  of  oxalate  of  lime 
and  the  secretory  omms ;  these  will  be  taken  in  the  order  in  which  they 
have  been  named.  The  hairy  coverii^  does  not  include  glandular  hairs  \ 
The  dothmg  hairs  are  confined  to  a  relatively  small  number  of  genera  and  only 
rarely  form  a  dense  covering.  The  most  widely  distributed  type  of  clothing 
hairs  are  short  unicellular  trichomes  (species  of  Euonymus,  Fraunhofera,  Goupia, 
Mystroxyhn),  which  are  either  papillose  or  of  slightly  greater  length.  Tri- 
pterygium  has  papillose  hairs  composed  of  one  or  two  ceUs,  while  in  Fraunhofera 
the  papilla-like  trichomes  are  accompanied  by  long  hairs,  which  are  either 
unicellular  or  multicellular  with  thin  transverse  walls.  Myginda  has  unicellular 
one-am^  hairs,  which  in  M.  ilidfolia.  Lam.  are  accompanied  by  unicellular 
trichomes  with  two  arms.  In  Wimmeria,  lastly,  the  hans  are  tubukr  multi- 
cellular structures  connected  by  numerous  transitional  forms  with  unicellular 
papillose  hairs.  In  W.  micropnylla,  Radlk.  they  aire  commonly  seated  on  two 
basal  cells,  the  lower  of  which  bears  a  spinose  process  at  its  upper  end ;  in 
some  cases  this  process  is  strongly  developed,  so  that  forked  hairs  result. 

Oxalate  of  lime  is  deposited  in  the  form  of  solitaiy  or  clustered  crystals, 
and  as  crystal-sand.  The  solitary  crystals  are  generally  rhombohedral,  although 
sometimes  '  very  long '  (in  the  palisade- tissue  of  Kurrimia)  or  '  rod-shaped ' 
(in  Fraunhofera)  or  'hastate  or  acicular '  (in  the  tissue  of  the  leaf  of  Ghsso- 
peialum  spinescens.  Gray  and  in  numerous  species  of  Maytenus),  The  crystal- 
sand  never  occurs  independently,  but  is  invanably  found  together  with  a  solitary 


1  Tiz. :  Gymnospcria  tmarginata^  Roth,  G,  laurina^  Szysz.,  G,  ovaia.  Laws.,  G^  Roylnuut, 
Wall.;  Maurgcmia  Fratigularia^  MUL;  M^tenus  atanihophylia^  Reist.,  Af,  amaganua.  Mart., 
M.  lattns,  RdM. ;  Muroiro(is  d^HsiJhra,  Wight,  M.  discolor.  Wall.,  M,  laHfolia,  Wight,  M.  owdi- 
folia,  Wight,  M.  ramiJlora,Yfi^ht ;  Pterocelastrus  variabilis,  Sond.  var.  litoralis  and  Tar.  obiusilobus, 
P.  rostraius,  Walp. ;  Schaeffenafrutescens,  Jacq. 

'  Stenxd's  itatement  regardiDg  the  occurrence  of  peltate  glands  in  Rhacoma  microphylla,  Loes. 
Is  incomct.  The  plant  examined  by  Stenzel  does  not  belong  to  the  Cclastrineae, 'bnt  is  probably 
a  member  of  the  Verbenaceae. 
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or  clustered  crystal,  e.g.  in  species  of  Elaeodendron^  Maurocenia,  Microtropis, 
Martonia^  Mystroxylon,  Siphonodan,  Within  the  limits  of  the  same  g^us 
the  tissues  of  the  leaf  and  axis  in  some  cases  contain  either  solitary  crystals 
only  or  clustered  crystals  only,  or  the  two  forms  occur  side  by  side.  In  other 
genera  the  forms  of  crystals  found  in  the  leaf  and  axis  are  different  in  the  two 
cases ;  most  commonly  the  leaf  contains  clustered  crystals  only,  while  the 
axis  includes  both  solitary  and  clustered  crystals.  In  Denhamia,  Kurrimia, 
Lapkopetalum  and  Pleurostylia  solitary  crystals  alone  are  present  in  the  leal 
and  axis ;  with  these  genera  we  may  class  Fraunkofera  and  Plenckia,  which 
likewise  have  solitary  crystals  only,  although  in  this  case  the  crystals  are  con- 
fined to  the  leaf.  In  Eiwnyfnus^  dyptopetalum,  PachysUma^  PerroUetia  and 
Tripterygium  only  clustered  crystals  are  found  in  the  leaf  and  axis  ;  in  Goapia 
also  only  clustered  crystals  have  been  recorded,  but  they  are  only  present  in 
the  leaf.  Finally,  solitary  and  clustered  crystals  occur  side  by  side  in  both 
stem  and  leaf  in  Cassine,  Elaeodendron  and  Maurocenia.  The  occurrence  of 
oxalate  of  lime  in  the  epidermis  has  already  been  dealt  with  above.  Other 
features  requiring  mention  are  :  the  occurrence  of  relatively  large  crystal-idio- 
blasts  in  the  mesophyU  (species  of  Cassine,  Catka^  Cdastrus,  Euonymus,  Sec) ;  sep- 
tate palisade-cells,  the  chambers  of  which  contain  crystals  {Elaeodendron  capense, 
Vent.»  Mortonia  Greggii,  Gray) ;  cells  with  unilateral  or  uniform  thickening, 
which  contain  soUtary  crystals,  and  are  found  in  contact  with  the  epidermis 
on  both  sides  of  the  leaf  (Kurrimia) ;  the  occurrence  of  complete  layers  of  crystal- 
cells  in  the  mesophyll  {Pleurostylia  Heynei,  W.  et  A.,  Pierocelasirus  tricuspidatus, 
Sond.). 

Among  the  secretory  organs  we  may  first  discuss  the  long  secretorv  sacs 
occurring  in  species  of  Cda^ruSj  Euonymus  and  Wimmeria,  as  well  as  in  Mystro- 
xylon  eucleaeforme,  Eckl.  et  Zeyh.  In  Celastrus  (C.  acuminatus,  L.  f .)  they  were 
met  with  by  Gerhard  in  the  veins  of  the  leaf  (in  the  pericycle).  In  Euonymus 
(£.  alata,  Thunb.,  £.  americanus^  L.^  E,  airopurpureuSy  Jacq.,  E,  europaeus,  L., 
E.  faponicusy  Thimb.,  E.  laiifoliusy  L.,  £.  verrucosus.  Scop.),  according  to  Col, 
they  are  confined  to  the  bast  of  the  stem  and  root  and  are  not  found  in 
the  leaf  ;  the  secretory  sacs  of  the  stem  are  distinguished  by  their  late  appear- 
ance, so  that  they  are  not  met  with  in  the  yotmg  branches.  In  Wimmeria 
they  were  first  observed  by  Radlkof er  in  the  bast  of  the  axis  and  the  veins  of 
the  leaf.  Metz  publishes  further  details  as  to  their  distribution  in  the  leaf. 
According  to  him  the  secretory  sacs  are  for  the  most  part  restricted  to  the 
veins  and  occur  in  the  position  usually  occupied  by  the  hard  bast.  They  are 
found  exclusively  at  these  points  in  W.  confusa,  Hemsl.,  W.  microphylla,  Radlk., 
W.  persicifolia,  Radlk.,  W.pubescens,  Radlk.  and  W.  serrulata,  Radlk.,  while 
in  W.  concolor,  Cham,  et  Schlecht.,  W.  cydocarpa,  Radlk.  and  W.  discolor, 
Cham,  et  Schlecht.  they  also  run  freely  in  the  palisade  and  spongy  tissues.  The 
secretory  sacs  of  Mystroxylon  eucleaeforme  show  a  distribution  similar  to  that 
recorded  in  Wimmeria  concolor^  &c.  In  nearly  all  the  species  (excepting 
Wimmeria  pubescens)  the  contents  of  these  secretory  sacs  are  of  the  nature  of 
caoutchouc,  and  are  drawn  out  in  the  form  of  threads  ('  spinning '),  when  organs 
containing  large  numbers  of  the  sacs  are  broken  in  two.  Hie  secretory  canals 
of  Mortonia  Greggii,  Gray  run  at  the  sides  of  the  veins  and  are  found  especially 
within  the  indupUcate  margins  of  the  leaves  ;  the  solid  yellowish  contents  are 
soluble  in  alcohol  and  Eau  de  Javelle.  Similar  secretory  cana]s,Vhich,  however, 
had  no  contents,  have  been  observed  within  the  duplicate  margins  of  the 
leaves  in  Pachystima  Canbyi,  Gray  and  P.  Myrsinites,  Raf .    Metz  mentions  the 


'  The  '  metamorphosed  fibres*  oi Euonymtu  odevatus,  Nutt.  {^E,  americanus),  mentioned  by 
Moller,  are  identical  with  the  caontchonc-sacs  above  discussed. 
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occurrence  of  tannin-idioblasts  in  the  mesophyll  in  certain  species  of  Cassine^ 
Euonymus^  Maytenus^  Microiropis^  Myginaa^  Packystima^  Siphonodon,  Wim- 
meria  and  Zinowiewia  ;  these  elements  are  distinguished  from  the  surrounding 
cells  by  their  size  or  shape,  and  in  some  cases  also  by  the  thickening  of  the  wall. 
Structure  of  the  Axis.  The  following  facts  may  be  added  to  the  section 
dealing  with  the  structure  of  the  wood  (Syst.  Anat.,  p.  213)  on  the  basis  of 
Stenzel's  work.  The  diameter  of  the  vessels  varies  from  -013  (Glossopetalum) 
to  -084  mm.  (Goupia).  Exclusively  scalarif orm  perforations,  previously  recorded 
in  Elaeodendrofif  Goupia  and  Kurrimia,  are  found  also  in  PerroUetia  (with  30-40 
bars) ;  as  in  the  case  of  Elaeodendron  glaucum,  the  scalarif  orm  perforations 
found  in  Glossapeialufn  spinescens^  Gray  are  confined  to  the  neighbourhood 
of  the  primary  wood.  The  type  of  proration  in  the  vessels  has  recently 
been  employed  by  Loesener  as  a  distinguishing  character  between  Elaeodendron 
(with  scalanform  perforations,  rarely  accompanied  by  simple  ones)  and  Cassine 
(with  exclusively  simple  perforations).  Spiral  thickening  of  the  waUs  of  the 
vessels  is  found  also  in  certain  species  of  Euonymus^  MayUmus,  Mortonia^ 
Packystima  and  Tripterygium^.    Apart  from  the  species  of  Aficro^opis^vfood" 

Sirendiyma  is  present  in  considerable  amount  also  in  species  of  Cassine,  Goupia^ 
ariogia,  Kurnmia  and  PerroUetia. 

Stenzel's  investigations  on  the  structure  of  the  cortex  have  afforded  the 
following  results.  In  most  of  the  genera '  the  cork  develops  in  the  subepidermal 
layer  of  cells,  but  it  arises  in  the  epidermis  in  Euonymus,  in  the  second  cell-layer 
of  the  primary  cortex  in  Elaeodendron^  in  the  third  in  Lauridia,  and  in  a  still 
deeper  layer  in  Myginda  and  Tripterygium.  The  cells  of  the  cork  are  generally 
tabular,  and  for  the  most  part  have  thin  walls  ;  cork-cells  exhibiting  one-sided 
sclerosis  (viz.  on  the  inner  tangential  walls)  are  found  also  in  species  of  Elaeo- 
dendron,  Kurrimia  and  Mayienus.  The  mechanical  elements  of  the  cortex 
are  represented  by  bast-fibres  and  stone-cells,  but  in  some  cases  (Pachystima 
Myrsinites,  Raf.,  Tripterygium  Wilfordi,  Hook,  f.,  Wimmeria  discolor,  Cham. 
<et  ScUecht.)  they  are  altogether  absent.  The  pericycle  very  often  contains 
isolated  groups  of  bast-fibres  or  an  interrupted  ring  of  fibres,  while  in  Fraunho- 
fera  muUiflora,  Mart.,  Maurocenia  Frangularia,  Mill.,  &c.,  it  includes  a  composite 
and  continuous  ring  of  sderendiyma.  Stenzel  particularly  mentions  the  occur- 
rence of  secondary  hard  bast  in  Denhamia  obscura,  Meissn. 

According  to  Stenzel,  the  pith  is  homogeneous  in  most  of  the  C^elastrineae. 
A  heterogeneous  pith  is  present  only  in  a  few  genera,  such  as  Lophopetalum, 
Microiropis,  PerroUetia,  Polycardia,  and  Pterocelastrus,  while  in  Gymnosporia, 
for  example,  the  pith  may  be  homogeneous  or  heterogeneous ;  Tripterygium 
WUfordi  has  an  empty  pith.  Groups  of  stone-cells  are  found  in  the  piUi  in 
many  species  of  Maytenus  and  in  Kokoona  zeylanica,  Thw.  Regarding  the 
formation  of  peculiar  cavities  (initiated  amongst  cells  containing  clustered 
crj^tals)  in  the  pith  of  Euonymus  europaeus,  see  Kassner,  loc.  cit. 

Literature:  Kassner,  Mark  einig.  Holzpfl.,  Diss.,  Basel,  1884,  pp.  19-ai. — ^Nanke,  Dikotyle 
HoUpfl.,  Diss.,  KoDijpbeig,  1S86,  p.  6.— Gregory,  Cork-wings,  Bot.  Gazette,  1888,  pp.  312-16 
(EuMymtis).'--C,  de  CandoUe,  Inflor.  ^piphylles,  M^m.  Soc.  de  phys.  et  delist,  nat  Geneve,  1890, 
snppl.  vol.,  sep.  copy,  p.  18  et  seq. — Pierre,  Flore  forest,  de  la  Cochinchine,  zix,  1803 — Stenzel,  Anat. 
d.  LanbbL  n.  Stamme  der  Celastr.  n.  Hippocrateaceae,  Diss.,  Erlangen,  without  date,  communicated 


^  viz. :  Euonymus  alaia,  Koch,  E.  <mgustifolia^  Vill.,  E.  airopurpurea,  Jacq.,  E.  fimbriaia^ 
Wall.,  E.  garcinioides^  Rozb.,  E,  Japonica,  Thunb.,  £.  iatifalia.  Scop.,  E,  nana^  Bieb.,  E.  occi- 
denialis,  Nutt.,  E.  fauciJUra^  Maxim.,  E,  pendula^  Wall.,  E.  vehtttna^  F.  et  M.,  E.  verrucosa^ 
Scop. ;  Maytenus  tlicifolia.  Mart. ;  Aforionia  Creggii,  Gray,  M.  scabrelia.  Grey ;  Packystima 
Myrsinites^  Raf. ;  Tripterygium  WUfordi^  Hook.  f. 

'  These  genera  are :  Cassine,  Catha,  Celastrus,  Denkamia,  Fraunhofera^  Goupia,  Gymnosparia, 
Heurtogia,  Kokoona,  Kurrimia^  Lophopetalum,  Maytenus,  Microtropis,  Mortonia,  Pachystima^ 
PUneha,  PUurostylia^  Poiycardia,  Pterocelastrus,  Putterlickia,  Schaofferia,  Wimmeria^ 
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to  the  imivenity  of  Erlangen  in  1893^3,  91  pp.-— Loesener,  in  Engler  and  Pmntl,  Nachtr.  z.  Teil 
iii-lT,  1897,  p.  333.— Boereesen  og  Paulsen,  Veget.  danik.-Testind.  Oer,  Bot  Tidiskrift,  xxii»  1898-0, 
pp.  98  (jkyginda  ^lefts,Sm.)  and  loi  (Eiasodemi/vn  xyhcarpum,  DC.).— Beitter,  Caiha  ednlts. 
Diss.,  Stnssbnig,  looo,  pp.  40-3.— Col,  Lacticiferes  k  conteou  ap^al  dang  les  Fosains,  Comptes 
icndus,  Paris,  cxxxii,  1901, pp.  1354-6.— Petersen, Vedanatomi,  I90i,p.49.— Pitaid,  P^ricTcle,  Tbese, 
Bordeanz,  1901,  p.  38.— Bonygnes,  Petiole,  Thise,  Paris,  1903,  p.  16.— Gerhaid,  Blattanat  v.  Gew. 
dcs  Knvsnawaldes,  Diss.,  Basel,  1903,  pp.  14-30  {CelasiruSf  Eiuodindrm,  J^€rocelas/rus),—hietz, 
Anat  d.  LanbbL  d.  Celastrineen  etc..  Diss.,  Erlangen,  1903,  78  pp. ;  sep.  copy  from  Beih.  z.  bot. 
Centralbl.,  zv.— Sfissengnth,  Behaamngsverb.  d.  wQrzb.  Mnschdkalkpfl.,  Diss.,  WiirzbmiP,  1904, 
p.  35.— Th^orin,  Vazttnchom.,  Arkiv  f.  Bot.,  iii,  1904,  p.  5.^Areschoa^,  Trop.  vazt.  bladbyggn., 
Sv.  Vet  Akad.  Handl.,  39,  n.  3, 1905,  pp.  131-3  (CWiuilnfj).— Piccioli,  Lcgnami,  BolL  Sicoa,  1906, 
p.  166.— [Hollendonner,  Kork  einiger  ^'trnf^wMx-Arten,  Novl.  Kdzl.  Beibl.,  vi,  1907,  pp.  [iHs]-] 

HIPPOCRATEACEAE  (pp.  214-217). 

The  necessity  for  a  detailed  investi^^ation  of  the  anatomical  features  in 
this  Order  induced  F.  E.  Fritsch  to  undertake  work  in  this  direction.  The 
following  statements  are  based  on  his  paper  as  well  as  on  Stenzd's  dissertation^ 
with  which  I  only  became  familiar  after  the  publication  of  the  main  portion 
of  this  book. 

The  CHARACTERS  mentioned  (on  p.  214)  as  common  to  the  Hippocrateaceae 
as  the  result  of  a  preliminary  investigation  of  Hip^ocratea  and  Salacia  have 
on  the  whole  been  proved  to  be  of  general  application,  and  apply  also  to  the 
genus  Campylosteman,  According  to  Fritsch,  however,  a  composite  and  con- 
tinuous ring  of  sclerenchyma  occurs  in  the  pericyde  in  certain  species  of  Hippo-' 
craiea  and  Salacia^  and  the  devdopment  of  the  cork  may  take  place  in  deeper 
cell-layers  of  the  primary  cortex.  A  new  ordinal  character  mentioned  by 
Fritsch  is  the  frequent  occurrence  of  small  caoutchouc-bodies  in  the  cells  of  the 
mesophylly  these  bodies  being  either  soluble  or  insoluble  in  ether.  According 
to  Fritsch,  hypoderm  occurs  also  in  Salacia  and  Campylostemon^  while  crystal- 
cells  are  met  with  in  the  epidermis  of  the  leaf  in  Salacia  as  well.  The  caout- 
chouc-tubes are  found  in  species  of  Hippocratea  and  Salacia ;  tannin-sacs  are 
present  in  the  bast  in  species  of  the  same  two  genera,  while  special  tannin- 
idioblasts  are  met  with  in  the  mesophyll  in  species  of  Hippocratea  only.  Special 
anatomical  features  occurring  in  certain  species  are  as  follows  : — characteristic 
unicellular  papillose  hairs  {Hippocratea  aspera.  Lam.);  stellate  hairs  with 
uniseriate  rays  {H.  velutina^  Afz.) ;  unisenate  hairs,  some  of  which  have  a 
peculiar  basal  portion  with  transverse,  dosely  placed  septa  (H.  iotricha^  Loes.) ; 
pitting  of  the  outer  walls  of  the  upper  epidermal  cells  of  title  leaf  (Salacia  oUonga^ 
Wi^ht) ;  branched  or  unbranched  sderosed  cells  bdonging  to  the  mesophyll, 
or  m  other  cases  spicular  fibres  connected  with  the  sclerenchyma  of  the  veins 
(species  of  Salacia) ;  mucilage-cells  in  the  mesophyll  (Hippocratea  veluHna, 
Afz.) ;  cork-warts  on  the  lower  side  of  the  leaf  (besides  occurring  in  Salacia 
attenuata^  Peyr.,  also  in  S.  obovata^  Peyr.). 

Structure  of  the  Leaf.  The  epidermal  ceils  of  the  leaf  exhibit  diverse 
features  as  regards  their  shape  when  seen  in  surface- view,  their  height,  the  size 
of  their  lumina,  and  the  nature  of  the  inner  and  outer  waUs  :  for  information 
on  these  points  Fritsch's  paper  must  be  referred  to.  The  alienee  of  gelatiniza- 
tion  in  the  epidermis  and  the  scarcity  of  markings  on  the  cutide  (striation 
in  a  few  species  of  Salacia)  are  noteworthy  features.  The  presence  of  pits  in 
the  outer  walls  in  5.  oblonga  and  the  occurrence  of  cork- warts  have  already  been 
mentioned  above.    The  crystal-cells  found  in  the  epidermis  S  and  likewise 


^  Fritsch  ^ves  the  following  synopsis  of  the  occorrence  of  crystals  in  the  epidermis : — (i)  Crystals 
in  ordinary  epidermal  cells :  (a)  Solitary  cxystals :  Hippocratea  aspera^  Lam.,  ff,  HpindentiSt  ijot^y 
ff,  micrantha^  Camb.,  H,  obiusifoHa^  Roxb.  ¥ar.  barbaUi,  Benth.,  ff,  veluHna^  Afs. ;  Salacia 
Kraussii^  Hocbst.,  S.  Staudtiana^  Loes.     {b)  Clostered  crystals:   ffippocraiea fitscescens^  Knrz, 
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referred  to  in  the  preceding  paragraph,  contain  solitary  or  clustered  crystals. 
They  are  either  oroinary  epidermal  cells  or  are  distinguished,  not  only  by  their 
contents,  but  also  betray  their  differentiation  as  idioblasts  by  their  shape  or 
small  size,  or  in  some  cases  by  stronger  thickening  of  the  inner  walls.  In  the 
genus  HippocraUa,  in  which  by  far  the  larger  numbers  of  species  possess  these 
crystal-cells  (exceptions :  H.  Bojeri,  Tul.,  H.  ovata^  Lam.,  H.  pachnocarpa^ 
Loes.,  H.  scandens^  Jacq.),  they  are  very  commonly  found  in  ^oups  of  two  or 
more,  while  in  Salacia  they  are  mostly  isolated.  Before  leaving  this  subject 
we  may  mention  the  occurrence  of  '  aacular  crystals  in  the  epidmnal  cells '  in 
Salacia  cognaia,  Peyr.  and  5.  Martiana,  Peyr .  Hypoderm  *  as  a  rule  is  present 
only  on  the  upper  side  of  the  leaf  and  is  speciaUy  widely  distributed  in  the 
genus  HippocraUa.  It  consists  of  one  or  two  layers  ;  the  walls  of  the  h}q)o- 
dermal  cells  vary  in  thickness,  and  the  cells  themselves  may  be  laiger  or  smaller 
than  the  epidermal  cells.  The  stomata  are  generally  confined  to  the  lower  side 
of  the  leaf  (exceptions  :  Hippocratea  cdastroides,  H.  B.  K.,  H.  tenuiflora^  Mart., 
Campylostemon  Wameckeanum^  Loes.).  As  a  rule  they  have  no  special  neigh- 
bounng  ceUs,  but  in  exceptional  cases,  namely  in  certain  species  of  Hippocratea, 
and  especially  of  Salacia,  as  well  as  in  Cam^lostemon,  subsidiary  cells  occur. 
In  most  of  these  cases  the  pairs  of  guard-cells  are  surrounded  by  one  or  rarely 
{Salacia  dulcis,  Benth.)  two  rings  of  four  cells  of  which  two  are  placed  parallel 
to  the  pore ;  the  latter  are  occasionally  very  narrow  and  are  divided  by 
walls,  which  are  parallel  to  the  pore,  or  even  at  right  angles  to  it.  The  meso- 
phyll  is  generally  bifacial  in  structure ;  it  is  subcentric  only  in  a  few  species  of 
Hippocratea  and  Salacia,  Regarding  the  sderenchymatous  elements  found  in 
the  mesophyll  the  following  facts  may  be  mentioned.  In  their  simplest  form 
they  appear  as  enlarged  and  pitted  cells  of  the  mesophyll,  which  do  not  show 
any  striking  difference  in  shape  {Salacia  aUenuata,  Peyr.,  5.  fluminensis,  Peyr.» 
S.  laevigata,  DC,  S.  sUvesiris,  Walp.).  With  these  we  may  associate  branched 
spicular  cells,  which  are  not  connected  with  the  sclerenchyma  of  the  vasctdar 
system  {Salada  dulcis,  Benth.,  5.  lacunosa,  Peyr.,  S.  laevigata,  DC,  5.  obovata, 
Peyr.),  and  spicular  fibres  (S.  amygdalina,  Peyr.,  S.  crassifolia,  Peyr.,  S.  eUiptica, 
Peyr.,  S.  glomerata,  Peyr.,  S.  grandiflora,  Pejnr.,  S.  grandifolia,  Peyr.,  S.  pachy- 
phyUa,  Peyr.),  which  branch  off  from  the  sderencnyma  of  the  veins,  traverse 
the  mesophyll  in  all  directions,  and  frequently  form  such  a  dense  plexus  beneath 
the  epidermis  that  a  kind  of  hypoderm  results.  The  small  veins  of  the  leaf 
are  embedded  in  the  mesophyll.  There  is  usually  no  development  of  scleren- 
chyma in  the  veins.  A  hairy  covering  is  rare  among  the  Hippocrateaceae,  and 
has  only  been  demonstrated  in  a  few  species  of  Hippocratea.  The  extremely 
small  papillose  hairs  of  H,  aspera.  Lam.  (?)  are  conical  in  shape,  and  have  only 
a  small  lumen,  which  is  compressed  into  the  lower  portion  of  the  trichome ; 


//,  Grakami^  Wiffht,  H.  indica^  Willd. ;  Salacia  dulcis,  Benth.,  S.  gabuntnsis,  Loes.,  S.  laevigata, 
DC.,  5*.  Raxburgkii,  Wall.,  S.  tortuosa.  Griff.,  S.  verrucosa,  Wight,  (a)  Crystals  in  special  crystal- 
ceUt:  (a)  Solitwy  crystals:  Hippocratea  campestrisy  Peyr.,  H.  celastroides,  H.  B.  K.,  H^faccida, 
Ftjt,,  H,  GriseUtchit,  Loes.,  H.  inundaia.  Mart.,  H.  tenuijlora.  Mart.,  H,  WarwUngU,  Tm,, 
H,  fVehritschii,  Engl,  (according  to  Fritsch,  p.  5a,  whilst  on  p.  66  he  speaks  of  clustered  crystals)  ; 
Salacia  Zeyheri,  Spreng.  {b)  Clostered  crystals :  Hippocratea  arborea,  RoxU,  H,  excelsa,  H.  B.  K., 
H,  indica,  Willd.,  H  ietricha,  Loes.,  H.  obtusifolia,  Roxh.,  H.  Schimperiana,  Hochst.;  Salacia 
Jlavescem,  Knn,  S.  fioribustda,  W.  et  A.  var.  Jensi^ara,  Wall.,  S.  mkunensist  Loes.  It  may  be 
added  that  Stenzel  also  records  solitary  crystals  in  the  epidermis  in  Hippocratea  JUribmtda,  Benth. 
and  H,  verrucosa,  Giiseb. 

^  A  hypoderm  ocenrs  in  :  Hippocratea  ardorea,  Rozb.,  H,  aspera.  Lam.,  H,  Bajeri,  Tnl., 
H.  cOastrmdes,  H.  B.  K.,  H.  excelsa,  H.  B.  K.,  H  fiaccida,  Peyr.,  H  Grahami,  Wight,  H.  Grise- 
bachU,  Loes.,  H  inundata.  Mart.,  H,  obtusifolia,  Roxb.  var.,  H,  ovata.  Lam.,  H.  pachnocarpa,  Loes,, 
H.  scamUns,  Jaoq.,  H.  vehUina,  Aiz.,  H.  verrucosa,  Griseb.,  H.  JVarmin^i,  Peyr.,  H.  Welwitsehii, 
Engl. ;  according  to  Pierre  also  in  H  camiodiana,  Pierre,  H.  Chessiana^  Pierre,  H,  dinhensis,  Pierre ; 
Inrther,  Salacia  Reg^liana,  F.  Br.  et  K.  Sch,,  S,  Zeyheri,  Spreng. ;  Campyhstemon  Wameckeanum, 
Loes. 
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they  are  silicified  and  are  the  cause  of  the  rough  surface  of  the  leaf.  In  addition 
to  the  stellate  hairs  described  above,  H,  vdtUina,  Afz.  possesses  simple  uniseriate 
trichomesy  corresponding  in  structure  to  the  rays  of  the  stellate  hairs.  The 
uniseriate  hairs  found  in  H.  iotricha^  Loes.  are  characterized  by  the  fact  that 
their  basal  portion,  which  is  sunk  in  the  epidermis,  is  divided  by  numerous 
transverse  walls,  following  very  closely  upon  one  another  ;  the  lower  part  of 
the  free  body  of  the  hair  likewise  consists  of  short  cells. 

Among  the  secretory  organs  the  caoutchouc-tubes  in  psirticular  require 
discussion.  Fritsch  has  investigated  the  details  of  their  distribution  and  the 
exact  nature  of  their  contents.  They  are  found  both  in  species  of  Hippocraiea 
and  Salacia,  and  in  Campytostemon  Wameckeanum.  In  some  of  the  species  * 
they  have  been  observed  only  in  the  axis,  while  in  others '  they  are  present 
both  in  the  axis  and  in  the  leaf.  The  caoutchouc-tubes  of  the  axis  are  generally 
situated  in  the  soft  bast  and  pericycle  ;  in  the  latter  case  they  are  sometimes 
surrounded  by  hard  bast.  In  Salacia  Regdiana  they  are  also  found  in  the 
interxylary  phloem.  They  are  rarely  (5.  obovata  and  5.  serrcUa)  present  in  the 
primary  cortex.  In  the  leaf  the  caoutchouc-tubes  are  found  mainly  in  the  soft 
bast  of  the  veins  or  in  connexion  with  the  bast,  viz.  either  in  the  immediate 
neighbourhood  of  the  hard  bast  or  between  the  cells  of  the  latter,  often  taking 
their  place.  In  most  of  the  species  (all  those  named  except  Hippocraiea  pachtw- 
carpa  and  Salacia  micrantha)  the  caoutchouc-tubes  accompanying  the  veins 
send  out  branches  into  the  mesophyll.  On  the  grounds  of  an  investigation 
of  the  embryo  of  Hippocraiea  ovaia  Fritsch  regards  the  caoutchouc-tubes  of 
the  Hippocrateaceae  as  being  of  the  nature  of  laticiferous  cells.  They  have 
thin  walls  and  a  small  diameter  and  are  branched,  but  do  not  anastomose. 
Their  bright,  doubly  refracting  contents  are  constituted  by  threads  of  caout- 
chouc, which  produce  the  phenomenon  of  '  spinning '  when  the  organs  con- 
taining these  caoutchouc-tubes  are  broken  in  two ;  ttie  two  ruptured  surfaces 
are  then  seen  to  be  connected  by  deUcate  elastic  threads  of  caoutchouc,  which 
are  capable  of  considerable  extension.  In  concluding  title  discussion  of  tiie  long 
caoutchouc-tubes  we  may  note  that  rows  of  shorter  ceUs  containing  caoutchouc 
are  fotmd  in  No.  547  b,  as  well  as  in  Nos.  519  and  632  of  H.  Schenck's  collection 
of  stems  ;  accordingto  Fritsch  these  stems  certainly  belong  to  members  of  the 
Hippocrateaceae.  The  occurrence  of  mucilage-cdls  in  the  mesophyll  has 
already  been  referred  to  above.  According  to  Fritsch  the  tannin-sacs  first 
noticed  by  me  in  Salacia  grandifolia^  Peyr.  are  widely  distributed  in  the  Order  ; 
they  are  situated  in  the  neighbom-hood  of  the  pencycUc  hard  bast  or  in  the 
secondary  soft  bast ;  the  longest  sacs  of  this  kmd  were  observed  by  Fritsch 
in  Salacia  micraniha^  Peyr.  Finally  we  may  point  out  that  in  the  leaves  of 
<::ertain  species  of  Hippocraiea  the  tannin  is  localized  in  certain  layers  of  the 
mesophyll  or  is  confined  to  the  spongy  tissue  (H.  Bojeri,  Tul.,  H.  indica,  Willd., 
H.  obtusifoUay  Willd.  var.  barbata^  Benth.,  H.  Schimperiana,  Hochst.,  H,  War- 
mingiiy  Peyr.,  H.  WdwOschii^  Engl.). 

The  vascular  system  of  the  petiole  shows  varying  differentiation.  It 
consists  either  of  a  horseshoe-like  group  of  vascular  bundles  (e.g.  in  Hippo- 
craiea ovaia^  Lam.  or  Salacia  Calypso^  DC),  or  of  a  ring  of  bundles  enclosmg 
an  inversely  orientated  medullary  plate  of  wood  and  bast  (e.g.  in  S.  micrafiika^ 
Peyr.),  or  of  a  flattened  ring  of  bundles  with  3-4  inversely  orientate  cortical 
bundles  on  its  upper  side  (e.g.  in  S.  crassifdia^  Pejo".). 


*  viz.!  Hippocraiea  aspcra^  Lam.,  //.  cbtusifolia^  Roxb.,  11,  fVarmingii,  Peyr.;  Salacia  at- 
tenuata,  Veyt.,  S,Jluminensis,  Vm.,  S.  princides,  Jack,  S,  tortmsa^  Griff. 

■  tir. :  Hippocraiea  ovata.  Lam.,  ff.  paehnocarpa.  Loci. ;  Campylostemon  IVartuckeanum^ 
Loes. ;  Salacia  a$tomala,  Peyr.,  S.  Caiypso,  DC,  S.  Kraussii,  Hochst,  S,  macrocarpa^  Welw., 
S,  micrantha,  Peyr.,  S.  obevata^  Peyr.,  S,  Regeliana,  F.  Br.  et  K.  Sch.,  S,  serrata,  Camb. 
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Structure  of  the  Axis.  With  reference  to  the  structure  of  the  wood 
the  following  information  may  be  added.  The  vessels  lie  isolated  or  in  pairs 
in  a  transverse  section  of  the  branch ;  their  diameter  may  be  as  tnuoi  as 
•II— 16  mm.  in  thick  stems.  Wood-parenchyma  is  as  a  rule  found  only  in  the 
neighbourhood  of  the  vessels. 

According  to  Fritsch  and  Stenzel  the  cork  occasionally  develops  in  the 
second  layer  of  cells  of  the  primary  cortex,  and  according  to  Stenzd  even  in 
the  third  or  fourth  layers.  The  cells  of  the  cork  have  rather  wide  lumina ; 
their  walls  are  either  thin  or  exhibit  uniform  or  unilateral  thickening,  the  latter 
afiFecting  the  inner  or  rarely  the  outer  tangential  i¥alls.  According  to  Fritsch, 
tiie  pericycle  in  Campylostemon^  and  in  some  of  the  species  of  HiMocraiea  and 
Salacia^  contains  isolated  groups  of  bast-fibres,  which  are  more  or  less  approxi* 
mated  to  one  another ;  in  the  remaining  species  of  Hippocratea  and  oalacia 
there  is  a  composite  and  continuous  ring  of  sclerench3rma.  The  primary  cortex 
frequently  includes  branched  stone-cdls,  especially  in  its  inner  portion.  In 
many  species  the  secondary  cortex  contains  hard  bast-fibres,  and  branched 
sderenchvmatous  cells  also  occur,  e.g.  in  Hippocratea  pachnocarpa^  Loes.  or 
Salacia  ooovata^  Peyr.  A  specially  noteworthy  feature  is  found  in  the  penetra- 
tion of  sclerosed  tissue  belon^g  to  the  medullary  rays  of  the  cortex  mto  the 
medullary  rays  of  the  wood  m  nippocraiea  Bojeri,  Tul. ;  hand  in  hand  with 
this  goes  a  sinuation  of  the  edge  of  the  cambium,  the  convexities  of  which  are 
directed  towards  the  pith. 

The  pith  in  some  cases  (Hippocratea  pachnocarpa^  Loes.,  Salacia  micrantha, 
Peyr.)  contains  stone-cells. 

Litentuxe :  Stenzel,  Aoat.  d.  Laabbl.  u.  Stiimme  d.  Celastnceae  u.  Hippocnteaoeae,  Diss. 
Erlangen,  1892-3,  especially  pp.  84-<8. — ^Pierre,  Flore  forest  de  la  Cochindilne,  six,  1893. — 
Leiseniig,  Interxylares  Leptom,  Diss.,  Berlin,  iS^jy,  p.  11.— F.  E.  Fritsch,  Vork.  v.  Kautschnk  bei 
den  Hippocrateaceen,  vm.  mit  einer  anat.-sy8t.  Unters.  etc.,  Diss.,  Miindien,  1901,  80  pp.,  i  Tab. 
<sep.  copy  from  Bdh.  s.  bot  CentialbL,  xi). — Haberlandt,  SinneKngane,  1901,  p.  13X. — ^Pitard^ 
Pdricycle,  These,  Bordeaux,  1901,  p.  39.*-F.  £.  Fritsch,  Caoutchonc  in  plants,  Mew  Phytologist, 
ii,  1903,  pp.  25-30. — Areschoug,  Trop.  vfixL  bladbyggn.,  Sv.  Vet.  Akad.  Handl.,  39,  n.  2,  1905, 
pp.  91, 92  ISdIada), 


PENTAPHYLACACEAE. 

The  monotypic  genus  Pentaphylax  (with  P.  euryoiies,  Gardn.  et  Champ.  )| 
which  is  referred  to  tiie  Temstroemiaceae  by  Bentham  and  Hooker,  has  recently 
been  r^arded  as  the  tjrpe  of  an  independent  Order  by  Engler  and  Van  Tieghem ; 
accordmg  to  the  former  it  has  affinities  with  the  Coriarieae,  while  Van  Tieghem 
places  it  near  the  Celastrineae.  Pentaphylax  extdhiis  the  following  anatomical 
features  : — simple,  unicellular  clothing  hairs ;  mucilage-cells  in  the  primary 
cortex ;  deposition  of  oxalate  of  lime  in  the  form  of  solitary  and  dustered 
crystals  ;  a  composite  and  continuous  ring  of  sclerenchyma  in  the  pericyde  ; 
and  subepidermal  cork-development. 

The  following  facts  may  be  mentioned  regarding  the  Structure  of  th£ 
Leaf.  The  leaves  are  bifacial  and  have  a  gelatimzed  epidermis.  Themesophyll 
contsuns  solitary  crystals.  Stomata  are  found  only  on  the  lower  side  of  the  leaf, 
A  sinele  large  arc-shaped  vascular  bundle  passes  out  into  the  leaf.  The  vascular 
bundles  of  the  veins  are  provided  with  a  sheath  of  sderenchjrma. 

Structure  of  the  Axis.  The  cork  consists  of  cells  with  thin  walls. 
The  primary  cortex  contains  rdativdy  large  cells,  which  have  thin  walls  and 
hyaline  mucilaginous  contents,  and  are  either  isolated  or  combined  to  form 
groups.  The  endodermis  is  not  distinctly  differentiated,  but  each  of  its  cells' 
contains  a  solitary  crystal.  In  young  branches  the  pericyde  is  formed  by 
a  ring  of  fibres,  which  subsequently  becomes  replaced  by  a  composite  and  con- 
tinuous ring  of  sclerenchjnrna.    There  is  no  secondary  hard  bast.    Oxalate  of 
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lime  occurs  in  the  form  of  solitary  crystab  in  the  soft  bast  and  in  the  form  of 
clustered  aystals  in  the  Ugnified  pith  and  in  the  medullary  rays  of  the  bast.  In 
thicker  branches  sclerosed  cells  are  also  present  in  the  primary  cortex  and  in 
the  medullary  rays  of  the  bast. 

Litetatme:  Vaa  Tiegfaexni  Pentaphylaoe  et  Corynocaipe,  Jonrn.  de  bot.,  1900,  pp.  188-93. 

CORYNOCARPACEAE. 

This  Order,  which  is  referred  to  the  Sapindales  by  Engler,  and  is  placed 
near  the  GeraniEdes  by  Van  Tieghem,  consists  only  of  the  genus  Corynocarpus 
with  C.  lamgaiiiSj  Forst.  and  C.  simUiSy  Hemsl. ;  the  anatomy  of  the  first  of 
these  species  has  been  investigated.  The  special  anatomical  characters  of 
this  species  are :  absence  of  secretory  receptaaes  ;  stomata  of  the  Rubiaceous 
t3^ ;  ve^els  with  simple  perforations  ;  wood-prosenchyma  bearing  simple 
pits ;  subepidermal  development  of  the  cork ;  isolated  groups  of  bast-fibres 
m  the  pericycle ;  clusterea  and  solitary  crystals  of  oicalate  of  lime. 

Structure  OF  THE  Leaf.  The  leaf  is  bifacial  in  structure.  Themesophyll 
contains  clustered  crystals.  A  hypoderm  composed  of  one  or  two  lay^  is 
found  on  the  upper  side  of  the  leaf,  while  the  lowest  layer  of  the  spongy  tissue 
is  differentiated  so  as  to  resemble  a  hypoderm.  The  stomata  are  confined  to 
the  lower  epidermis  and  are  bordered  by  two  subsidiary  cells  placed  parallel 
to  the  pore.  Three  vascular  bundles  pass  out  into  the  leaf  ;  of  these  the  median 
one  divides  into  five  btmdles,  which  form  an  arc  open  on  its  upper  side. 

Structure  of  the  Axis.  The  cork  consists  of  cells  with  thin  walls  and 
develops  in  the  second  cell-layer  of  the  primary  cortex.  Phelloderm  is  present 
and,  like  the  primary  cortex,  contains  clustered  crystals  and  in  later  stages 
sclerosed  cells  as  weU.  The  endodermis  is  not  distinctly  differentiated.  At 
the  inner  ends  of  the  vascular  bundles,  which  are  separated  by  broad  medullary 
rays,  there  are  strands  of  fibres  analogous  to  the  eroups  of  pericyclic  bast-fibres 
and  corresponding  in  position  to  them.  The  medullary  rays  of  the  bast  contain 
clustered  crystals,  while  those  of  the  wood  have  large  solitary  crystals.  There 
is  no  seconouy  hard  bast.  The  main  mass  of  the  wood  is  composed  of  fibres, 
which  may  either  have  thick  or  thin  walls.  The  pith,  the  peripheral  portion  of 
which  becomes  lignified  in  later  stages,  also  contains  clusterea  crystals. 

Litentnre:  Eogler,  Corynocarpaceae,  in  Nachtr.  z.  ii-ir.  Teil  der  NaturL  Pflanzeolam.,  1897, 
p.  a  16. — Van  Tieghem,  Pentaphylace  et  Corynocarpe,  Joturn.  de  bot.,  1900,  pp.  193-7.— Hemaley^ 
Corynocarpus f  Ann.  of  bot,  xvU,  1903,  pp.  748-51,  and  zyiii,  1904,  pp.  179,  180. 

STACKHOUSIEAE  (pp.  217,  218). 

The  anatomy  of  the  two  genera  Stackhousia  and  Macaregoria  has  recently 
been  subjected  to  a  careful  examination  by  Pampanini  and  Bargagli-Petrucci  ^ 
in  the  course  of  a  monographic  revision  of  the  Order. 

The  following  anatomical  features  constitute  important  Diagnostic 
Characters  of  the  Order  : — the  absence  of  a  special  tvpe  of  stoma  and  of 
external  glands ;  the  occurrence  of  unicellular  dothing  hairs  and  of  tannin- 
cells,  which  in  some  cases  are  differentiated  as  idioblasts ;  the  simple  perfora- 
tions in  the  vessels ;  the  fact  that  part  at  least  of  the  wood-prosenchyma  is 
provided  with  bordered  pits ;  the  absence  of  medullary  rays  in  the  wood ; 
the  almost  universal  occurrence  of  bundles  of  fibres  in  the  outer  part  of  the 
primary  cortex ;  and  lastly,  the  absence  of  oxalate  of  lime. 


^  Bull,  de  THerbier  Boissier,  1905,  pp.  1156-^;  and  1906,  pp.  39-44,  and  tab.  xiv-xv. 
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Dealing  first  with  the  stem,  we  may  note  that  the  above-mentioned  bundles 
oi  fibres  correspond  with  the  ribs  on  the  smiace  of  the  stem ;  the  bmidles 
vary  in  the  extent  of  their  development,  and  are  separated  from  the  epidermis 
by  a  hypodermal  layer  of  cells ;  the  fibres  themselves  have  a  polygonal  outline 
in  transverse  section,  and  are  for  the  most  part  strongly  thicken^  and  abun- 
dantly pitted.  Such  strands  of  fibres  have  been  recorded  in  all  the  species  of 
Siackiumsia  except  5.  pulvinaris,  as  well  as  in  Macgregaria.  The  primary 
cortex  shows  varying  differentiation,  and  contains  palisade-tissue  which  is 
most  prominently  developed  in  Stackhousia  aspericocca  var.  incrassaia  and 
5.  Dielsi,  The  endodermis  is  occasionally  composed  of  large  cells.  In  the 
majority  of  the  species  of  Stackhousia  the  pericyde  contains  isolated  bundles 
of  fibres  ;  in  Macgregoria  there  are  likewise  small  ^oups  of  fibres.  Pericyclic 
sderenchyma  is  wanting  only  in  Stackhousia  Matdeni  and  5.  pulvinaris ;  in 
these  species,  however,  tiiere  is  a  suberized  endodermis  instead.  According  to 
Pampanini  and  Bargagli-Petrucci,  the  xylem  in  both  genera  consists  of  (a)  ve^els 
with  simple  perforations,  (b)  a  small  amount  of  wood-parenchyma,  and  (c)  wood- 
prosenchyma  bearing  bordered  pits,  medullary  rays  being  abs^t.  The  pith 
IS  composed  of  large  cells  with  thin  walls. 

The  structure  of  the  leaf  is  either  bifacial  or  centric ;  the  stomata  are  found 
on  both  sides.  The  vascular  bundles  of  the  veins  are  not  provided  with  sderen- 
chyma. In  Stackhousia  Brunonis  and  S.  pulvinaris  large  tannin-ceUs  occur  in 
the  primary  cortex,  and  in  5.  Brunonis  they  are  present  in  the  mesophyU  as 
weU ;  in  other  species  of  Stackhousia  (e.g.  5.  Hagelii)  and  in  Macgregoria 
racemigera  the  tannin-cells  found  in  the  primary  cortex  scarcdy  differ  from 
the  ceUs  of  the  surroimding  tissue.  The  caoutchouc-bodies,  observed  by  the 
two  authors  above  named  in  the  cortical  parenchyma  and  the  tissue  of  the 
leaf,  are  no  doubt  of  the  nature  of  fat-bodies. 


RHAMNEAE  (pp.  218-221). 

The  structure  of  the  leaf  is  now  well  known  owing  to  the  recent  researches 
of  GemoU  and  Herzog^  No  new  anatomical*  features  common  to  all  the 
members  of  the  Order  have  come  to  light,  but  for  the  purposes  of  spedal  diagnosis 
numerous  characters  have  been  recognized.  The  enumeration  of  special 
features  may  be  supplemented  by  the  foUowinfi;  statements.  Secretory  cavities, 
provided  with  a  papillose  epithelium,  besides  occurring  in  Karwtnskia  are 
found  also  in  Rhamnidium  and  Reynosia  reticulata^  Urb.  Secretory  canals 
with  resinous  contents  and  an  epithelium  resembling  that  of  the  secretory 
cavities  in  Karwinskia  are  present  in  the  veins  of  the  leaf  in  Reynosia  revoluta^ 
Urb.  The  palisade-tissue  m  some  cases  contains  isolated  enlarged  cdls  filled 
with  mucilage  (spedes  of  CondaUa)  or  tannin  (species  of  Condalia,  Phyllogeiton^ 
and  Scutia ;  also  in  spedes  of  Maesopsis,  Pomaderris  and  Rhanrnella,  the  cells 
in  question  being  more  or  less  sderosed  in  these  three  genera)  or  both  mucilage 
and  tannin  (species  of  Discaria  and  Talguenea),  In  Ztzyphus  ceUidifolius^  DC. 
(ind.  Z,  timoriensisy  DC.)  a  middle  layer  of  the  leaf  consists  of  large  mucUage- 


'  These  investigations  deal  with  the  following  genera,  which  are  enumerated  in  the  serial  order 
of  Weberbaner's  system  (in  Engler  and  Prantl,  NatUrl.  Pflanzenfam.,  iii,  5) :— Ventilagineae :  VeiUHago^ 
Smythea\  Zixypheae:  Pa/iurus,  Zi^huSy  Conddlia^  Micrarhamnus^  Krugiodendrtm^  Reynosia, 
Sanrcomphahu,  Khamnidium^  Karwinskia,  Berchemia^  Phyllogeiton  (regarded  as  a  section  of  Ber- 
fkemia  in  Weberbaner's  system),  Maesopsis^  Lamellisepalum,  Rhamntlla^  DaUa£hya\  Rhamneae: 
Sageretia,  Scutia,  Rhanmus,  ffovenia,  Cecmcthus^  Emmenospermum,  NoUea^  Colubrina,  Ccrmcnema, 
PhyUca^  Lasiodiscus,  Alpkitonia,  Pomaderris,  Trymalium^  Spyridium^  Crytiandra ;  CoUetieae : 
ToigMnea,  Trevoa,  Discaria,  CoUetia\  Gouanieae:  Gouania,  Reissekia,  ffeHnus,  Crumenarid, 
Jiiarlothia, 
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cells,  while  in  Microrhamnus  the  upper  layer  of  the  h3rpoderm  is  gelatinized. 
Hjrpoderm  and  development  of  papillae  are  rare  features  in  the  Khamneae. 
The  spicular  cells  whidi  Blenk  mentions  correspond  to  the  sclerosed  tannini* 
ferous  idioblasts  in  the  palisade-tissue  (see  above).  True  glandular  hairs  are 
not  met  with  on  the  surface  of  the  leaf.  The  following  forms  of  clothing  hairs 
are  worthy  of  special  note  : — trichomes,  in  which  the  body  of  the  hair  is  uni- 
cellular and  two-armed,  and  is  seated  on  an  epidermal  cell  (SagereHa) ;  stellate 
hairs  with  a  specially  differentiated  basal  portion  and  unicellular  rays  (in  Poma- 
derris,  &c.) ;  and  tufted  hairs,  the  rays  of  which  are  mostly  uniseriate  and  are 
inserted  directly  in  the  epidermis  (in  a  group  of  closely  allied  species  of  Rhamnus). 
Extra-floral  nectaries  (?)  are  found  on  the  lower  side  of  the  leai  in  Rhamnas 
glandulosa^  Ait. 

Structure  of  the  Leaf.  The  stomata  are  for  the  most  part  confined  to 
the  lower  side  of  the  leaf,  but  are  found  on  both  surfaces  in  certain  species  of 
CoUeUa^  Condalia^  Cormonema^  Crumenaria^  Discaria,  Gouania,  Marlathia^ 
R^sekia,  Rhamnus^  ScuHa,  Trevoa  and  Zixyphus.  GemoU  records  stomata 
of  the  Cruciferous  type  in  Cryptandra  obovata^  Sieb.  and  stomata  of  the  Rubia- 
ceous  type  in  CoUeiia  sfinosa.  Herzog  mentions  the  occurrence  of  strildn|^ly 
small  and  crowded  stomata  in  species  of  Reynosia  and  Sarcomphalus^  whilst 
he  describes  verv  large  stomata  in  species  of  Condalia^  Discaria^  Emmeno* 
spermum  and  Khamnus.    Taking  recent  investigations  into  consideration, 

?;elatinization  of  the  epidermis  of  the  leaf  has  been  observed  in  species  of  the 
ollowing  genera  :  AlpkUonia^  Berchemia,  CeanoihuSy  Cdubrina,  Condalia  Sect. 
Condalwpsis,  Corrmmemay  Crumenariay  Crvpiandra,  Dallachya,  Discaria^  Em- 
menospermum,  Gouania,  Haveniay  LamMisepalumy  Lasiodiscus^  MaesopsiSp 
Paliurus,  PomadeniSy  Reissekia^  Reynosia,  RhamneUay  Rhamnidiuniy  Rhamnus 
Sect.  Frangula,  Sageretia,  Scutia  Sect.  I,  Spyridium,  Trevoa,  Trymalium, 
Veniila^o,  iizypkus  *.  The  process  of  gelatinization  affects  either  all  or  only 
a  certam  number  of  the  epidermal  cdJs.  The  remaining  characters  of  the 
epidermal  cells  (viz.  height,  cubical  dimensions,  nature  of  the  lateral  margins, 
thickening  of  the  outer  walls  and  pitting  of  the  lateral  walls)  are  subject  to 
very  considerable  variation.  The  following  features  are  specially  noteworthy : — 
papillose  protrusion  of  the  epidermal  cells  (in  most  cases  only  on  the  lower  side 
of  the  leaf)  in  species  of  Berchemia,  Discaria,  HeUnus,  Karwinskia  and  Mar- 
lothia  ;  development  of  tj^ical  papillae  on  the  upper  side  of  the  leaf  in  Cryp- 
tandra  obovata,  Sieb.,  and  on  the  lower  side  in  Karwinskia  Huniboldtiana,  Zucc. ; 
a  two-layered  epidermis  in  Rhamnus  Wightii,  W.  et  A. ;  the  occurrence  of 

Sired  crystal-cells  containing  solitary  crystals  in  the  epidermis  in  Ventilago 
ocarpa,  Benth.  Hypoderm  (situated  beneath  the  upper  epidermis)  is  not 
of  frequent  occurrence ;  it  is  present  in  Microrhamnus  ericoides,  A.  Gray  (here 
the  upper  layer  of  the  h3^poderm  consists  of  mucilage-ceUs),  Reynosia  revdukty 
Urb.,  R.  septenMonalis,  Urb.,  Rhamnus  Alatemus,  L.  (in  this  species  the  hypo- 
derm  is  confined  to  the  margin  of  the  leaf  and  is  developed  in  the  form  of 
sclerosed  mechanical  tissue),  Sarcomphalus  crenatus,  Urb.,  S.  domingensis, 
Krug  et  Urb.,  S.  laurinus,  Griseb.,  S.  retictdatus,  Urb.,  Ceanothus  crassifolius^ 
Torr.  and  other  species  of  the  subgenus  Cerastes  (here  tanniniferous).  In 
most  of  the  species  the  mesophyll  is  bifacial,  but  centric  or  subcentric  leaves 
are  also  found.  Microrhamnus  ericoides.  Gray  has  rolled  leaves  which  are 
provided  with  a  furrow  on  each  side  (to  the  right  and  left)  of  the  median  vein» 
and  show  centric  structure  ;  regarding  the  occurrence  of  rolled  leaves  in  Phylica, 
see  Knoblauch,  loc.  cit.    In  the  species  of  Ceanothus  belonging  to  the  subgenus 


'  In  the  prerioiu  (Syst.  Anat.,  p.  218)  enumeratioii  of  genera  exhibiting  this  feature,  the  geons 
Mttrorkamnus  should  be  cancelled ;  the  gelatinization  of  the  epidennis  of  the  leaf  in  Hovfdm 
{H,  duids,  Thnnb.)  has  only  been  correctly  recorded  by  Blenk. 
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Cerastes  the  leaf  also  presents  a  characteristic  appearance  in  transverse  section. 
The  lower  surface  of  the  leaf  is  provided  with  deep  and  narrow  furrows,  formed 
by  the  projecting  network  of  the  veins  ;  the  epidermis  which  lines  these  furrows 
includes  the  stomata  and  bears  numerous  hairs.  The  mesophyll  is  composed 
only  of  palisade  tissue,  which  exhibits  a  larger  number  of  layers  at  the  bottom 
of  the  furrows  and  at  the  top  of  the  ridges  (formed  by  the  projecting  portions 
of  the  leaf- tissue)  than  along  the  lateral  margins  of  the  furrows.  At  the  same 
time  the  vascular  bundles  of  the  veins  are  accompanied  by  large  parenchymatous 
cells  which  contain  tannin  and  merge  into  the  hypoderm,  situated  on  the  upper 
side  of  the  leaf  (see  above).  In  certain  species  (see  Herzog,  Sep.  Copy,  p.  113) 
the  paUsade-tissue  consists  of  exceptionally  long  or  short  ceUs.  In  Reynosia 
and  Sarcompkalus  the  spongy  tissue  is  composed  of  elongated  cells,  which  are 
interwoven  with  one  another  in  such  a  way  as  almost  to  resemble  a  hyphal 
weft.  Special  features  of  the  mesophyll  are  constituted  by  the  above-mentioned 
enlarged  palisade-cells,  which  are  filled  with  mucilage  (Condalia  lineatay  Gray, 

C.  mextcana^  ScUecht.)  or  tannin  (Condalia  lineata^  C.  mexicana^  PhyUogeUon 
discoloTj  Herzog,  ScuHa  Comrnersonii^  Brongn.,  Maesopsis  berchemioides^  Engl., 
Af .  Eminiiy  £ngl.,  RhamnMa  frangidoides^  Weberbauer,  Pomaderris  discolor^ 
Vent.;p  P.ferruginea^  Sieb.,  P.  lanigera,  Sims  and  P.  phylliraeoides  Sieb.)  or  both 
mucilage  and  tannin  {Discaria  discoloty  Reiche,  D.  serratifoliay  Benth.  et  Hook., 

D,  trinervis,  Reiche,  Talguenea  costatay  Miers).  Crypiandra  obovata^  Sieb.  has 
a  single  layer  of  palisade-tissue,  which  is  entirely  composed  of  broad  tannini- 
ferous  cells,  while  in  Zizypkus  ceUidifoliuSy  L.  there  is  a  middle  layer  consisting 
of  mucilage-cells.  In  Herzog's  summary  the  following  structural  characters 
of  the  veins  are  stated  to  be  of  value  for  systematic  purposes.  Vertical  trans- 
currence  of  the  lateral  veins  of  the  second  order  is  found  in  AlphUoniay  Ceano- 
ihuSy  Cohtbrinay  Cormonemay  Crumenaria  decumbenSy  Mart,  (not  m  C.  choriroideSy 
Mart.),  Hdinus  (with  the  exception  of  H.  brevipesy  Radlk.),  Hoveniay  Karwinskiay 
PamaderriSy  Reynosiay  Rhamnidiumy  Sageretiay  SarcotnphaluSy  species  of  Zizy- 
phus ;  embedded  veins  occur  in  the  Ventilagineae,  Colletieae,  (jouanieae  (with 
few  exceptions),  and  also  in  Condaliay  Emmenospermumy  Krugiodendrony  Lasio- 
discusy  Kkamnusy  Sctdiay  Trytnaliumy  species  of  Zizypkus,  There  is  a  well- 
developed  sheath  of  sclerenchyma  around  the  lateral  veins  of  the  first  order  in 
the  Ventilagineae,  and  also  in  species  of  Berchemiay  Emmenospermumy  species 
of  Gcuaniay  LameUisepalumy  LastodiscuSy  species  of  Phylicay  Reynosiay  SagereHa, 
SarcomphaluSy  species  of  Scutia  and  of  Zizyphus ;  the  lateral  veins  of  the 
second  order  are  provided  with  a  sheath  of  large  parenchymatous  cells,  which 
are  rich  in  tannm,  in  Condaliay  Krugiodendrony  Microrhamnus,  species  of 
Rhamnus  (especially  those  of  the  subsection  Cervispina)  and  species  of  Zizyphus. 

The  statements  made  in  the  earlier  part  of  this  work  on  the  distribution  of 
oxalate  of  lime  may  be  extended  in  the  following  directions.  Large  soUtary 
crystals  occur  in  enlarged  ceUs  of  the  palisade-tissue  in  Karwinskiay  Reynosia 
Nortkropianay  Urb.,  Rhamnidiumy  Rhamnus  Sect.  Leptopkyllius  Subsect.  Cervi- 
spina,  Scuiia  S«:t.  II,  and  Zizypkus  glabratuSy  Heyne  *.  Large  clustered  crystab 
are  found  in  enlarged  cells  of  the  mesophyll  or  palisade-tissue,  as  the  case  may 
be,  in  CohArinay  Condaliay  Cryptandray  Hoveniay  Krugiodendrony  LasiodiscuSy 
PomaderriSy  Rkamnus  Sect.  Alatemi4s  and  Sect.  Leptopkyllius  Subsect.  Espina^ 
Scuiia  Sect.  I,  Trevoay  Trytnaliumy  and  species  of  Zizypkus.  Large  sohtary 
and  clustered  crystals  occur  in  a  small  group  of  closely  aUied  species  of  Rkamnus 
(R.  coslaiay  Maxim.,  R.  nipalensisy  Laws.,  R.  Wigktiiy  W.  et  A.).    The  genus 


*  The  earlier  statement  (p.  219)  as  to  the  occnrrence  of  laive  solitary  crystals  in  Ceamthus  must 
be  cancelled ;  it  was  based  on  Blenk's  inTestigation  of  a  plant  described  as  '  Ctamtkns  macrophylld^ 
Wall.,'  which  does  not  belong  to  the  Rhamneae.  According  to  GemoU,  s<^itary  crystals  are 
wanting  in  Ctancikus, 
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Hdinus  (a  member  of  the  Gouanieae)  as  well  as  Marlothia  have  clustered  crystals 
only  and  no  styloids. 

Amonf  the  internal  secretory  receptacles,  the  tannin-' and  mucilage-cells 
have  already  been  dealt  with  in  detail  in  describing  the  mesophyll.  Secretory 
cavities  are  not  only  present  in  Karmnskia  (three  species),  but  also  in  Rham- 
nidium  (three  species)  and  Reynosia  reticulata,  Urb.  They  have  an  epithelium 
composed  of  several  lavers  of  flat  cells,  the  innermost  of  which  are  (hravm  out 
into  long  finger-shaped  protrusions  terminating  freely  in  the  secretory  space  ; 
the  contents  are  brown  and  do  not  dissolve  easily,  ihe  secretory  cavities  are 
visible  even  to  the  naked  eye  as  brown  glandular  dots.  In  Reynosia  revoluta, 
Urb.  the  cavities  are  replaced  by  secretory  canals  having  a  sinular  epithelium 
and  resinous  contents,  which  are  soluble  in  alcohol ;  these  canals  run  beneath 
the  vascular  system  in  the  larger  veins.  GemoUand  Herzog  have  investigated 
the  detailed  distribution  of  the  mucilage-receptacles  (described  as  canals) 
found  in  the  veins  of  the  leaf.  They  have  been  recorded  in  the  following 
genera :  Alphitonia,  Berchemia,  Ceanothus  pro  parte  (mucilage-cells  ?),  Colu- 
brina,  Cormonefna,  Condalia  pro  parte,  DaUadvya,  Emmenospermum,  Gouania, 
Hovenia,  Karwinskia,  Lasioaiscus,  Maesopsis,  Paliurus,  Phyllogeiton,  Rhatn- 
neUa,  Rhamnidium,  Rhamnus  Subgen.  Frangula,  Sageretia,  Scutia  Sect.  I, 
VentUago  pro  parte,  Zizyphus  (in  almost  all  cases),  llie  mucilage-receptacles 
are  for  the  most  part  restricted  to  the  principal  veins  and  to  the  lateral  veins 
of  the  first  order.  Their  diameter  varies,  and  an  epithelium  may  or  may 
not  be  present.  They  are  situated  in  the  coUenchvmatous  tissue  of  the  veins, 
and  are  either  isolated  or  several  of  them  lie  side  by  side ;  in  Maesopsis  they 
were  met  with  in  the  phloem  as  well.  Gres's  paper  also  contains  new  statements 
on  the  distribution  of  these  mucilage-receptacles,  especially  in  the  species  of 
Rhamnus  ^  The  same  authority  figures  large  mucilage-receptacles,  occasionally 
containing  clustered  crystals,  in  different  parts  of  the  axis  of  certain  species 
of  Rhamnus  (here  situated  in  the  inner  portion  of  the  primary  cortex,  m  the 
pericycle,  the  pith  and  the  secondary  bast). 

The  following  additional  facts  have  become  known  regarding  the  hairy 
covering*.  The  glandular  hairs  mentioned  by  Gemoll  as  occurring  on  and  near 
the  margin  of  the  leaf  in  Ceanothus  papiUosus,  Torr.  et  Gray,  correspond  to  the 
glandular  leaf-teeth  found  in  other  members  of  the  Order.  They  are  glandular 
shag|;y  hairs  with  a  multiseriate  stalk  containing  the  termination  of  a  vascular 
bun^e,  and  a  spherical  head  provided  with  a  secretory  palisade  epidermis. 
Special  forms  of  clothing  hairs  are  represented  by  the  short  papillose  trichomes 
occurring  in  many  species  of  Cryptanara,  and  the  short  peg-like  hairs  of  Zixyphus 
funiculosa.  Ham. ;  the  latter  recall  the  characteristic  trichomes  found  in  the 
Sapindaceous  genera  Pancovia  and  Xerospermum,  and  have  a  swollen  basal 

e>rtion,  which  appears  striated  owing  to  the  presence  of  slit-shaped  pits, 
nicellular  two-armed  trichomes,  which  are  seated  on  epidermal  cells,  occur 
in  Sageretia  and  have  already  been  noticed  above.  Mention  has  likewise  been 
made  of  the  stellate  hairs  found  in  the  Pomaderreae  ;  these  hairs  have  a  stalk 
of  varying  length,  and  exhibit  a  variable  number  of  ray-cells.  Tufted  hairs 
with  2-8  rays  are  found  in  the  following  species  of  Rhamnus :  R.  calif omica, 
Eschsch.,  R.  Palmeri,  Wats.,  R.  sectipetala^  Mart,  and  R.  sphaerospenna,  Sw. ; 
in  R.  calif ornica  the  rays  are  unicellular,  while  in  the  other  species  they  are 


^  Gr^s*8  statements  do  not  quite  tally  with  those  of  Herzog.  Thus,  according  to  Gres,  mudlage- 
rece^itades  occur  in  the  leaf  of  Rhannms  catkartica,  L.,  R,  inftctcria^  L.  and  R,  tinctoriay  W.,  as 
well  as  in  the  axis  of  R.  iibanotua,  Boiss.  and  R.  Sibthorpiafta,  i.  e.  they  are  present  in  some  of  the 
species  of  the  subgenus  Eurhamnus,  whereas  they  are  stated  to  be  absent  in  R,  latifoiia^  UH^rit. 
(Subgen.  Frangula), 

^  Swanlund's  statement  that  *  hairs  terminating  in  a  spherical  end-cell '  are  present  in  Phylua 
niiida,  Lam.  requires  verification. 
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uniseriate.  The  small  pits,  observed  by  Clauditz  in  the  axils  of  the  lateral 
veins  on  the  lower  side  of  the  leaves  of  Rhamnm  glandulosa^  Ait.,  are  probably 
extra-floral  nectaries ;  they  are  provided  with  a  palisade  epidermis  and  contain 
trichomes.  k. 

For  the  structure  of  the  stipular  spines  of  Paliurus  see  LotheUer  ;  regarding 
the  anatomy  of  the  spiny  branch^  of  CoUeiia  and  JRAamn «s,  see  Lothelier  and  Mitt- 
mann.  The  localization  of  Emodin  and  Frangnlin  in  the  cortex  of  Rhamnus  is 
dealt  with  by  Gres. 

To  the  section  dealing  with  the  structure  of  the  cortex  we  may  add  that  the 
peiic/cle  contains  only  isolated  groups  of  bast-fibres  in  the  species  of  Alphitonia, 
J^erchemia,  Ceanothus,  CoUetia,  Colubrina,  Condalia^  Emmenospermum,  Hovenia, 
Paliurus,  Rhamnus,  Scutia,  Ventilago,  examined  by  Petit,  as  well  as  in  Zizyphus 
saiiva, 

literature:  Borscow,  Frangnlin,  Bot.  Zeit.,  1874,  p.  33.— Hohilel,  Gerberinden,  Berlin,  1880, 
p.  11^. — ^Mittmann,  Pflanzenstacheln,  Verb.  bot.  Ver.  Brandenburg,  1889,  pp.  48-50. — [Pirotta,  in 
Malpighia,  iii,  1889,  p.  61  et  aeq. ;  abstr.  inJott,  1889,  i,p.  606.] — Barber,  Corky  excresc.,  Ann.  of 
Bot.,  vi,  1893,  p.  165. — ^Lothelier,  lupines,  Thte,  Paris,  1893,  pp.  14  and  31. — Cabannes,  Khamnus, 
Thise,  Montpdlier,  1896,  73  pp.— Knoblauch,  Okolog.  Anat,  Habilitat..Schr.,  Tiibingen,  1896, 
|>.  II  et  seq.— [Planchon,  Caacaia  ^agxada,  Bnll.  d.  Ph.  d.  S.  £.,  i,  1806,  n.  4 ;  abstr.  in  Jnst,  1897, 
^9  V-  33*] — l|^Fe>  Frangula  and  Cascara  bark,  Americ.  Joum.  of  Pharm.,  1897,  n.  3;  abetr.  in 
Jnst,  1897,  h,  p.  3a.] — Oris,  Contribut.  k  T^tnde  anat.  et  microchim.  des  Rhamn^,  Th^,  Paris, 
1901, 104  pp.,  a  pL — ^Petersen,  Vedanatomi,  1901,  p.  50. — ^Pitaid,  P^ricycle,  Thte,  Bordeaux,  1901, 
pp.  39  and  90,  01.— Swanlnnd,  Vegetat.  Nenamsterdams  u.  St.  Pauls,  Diss.,  Basel,  1901,  pp.  19-35 
{PkySca  niHdd), — CUnditz,  Blattanat.  canar.  Gew.,  Diss.,  Basel,  I902,  pp.  31-3  {Rliamnms  glandu' 
Usa), — Gcmoll,  Anat-sysL  Unters.  d.  Bl.  d.  Rhamn.  aus  den  Triben  Rhamneen,  ColIeSeen  u. 
Oonanieen,  Diss.,  Milncnen,  in  Beih.  z.  bot.  Centralbl.,  xii,  190a,  pp.  351-434.— [Finlayson,  Stem- 
stmcture  of  some  leafless  plants,  TransacL  and  Proceed.  New  Zealand  Institute,  1903,  p.  360  et  seq. 
{Diicaria  7iwOTd/^«f).]— Ilerzog,  Anat.-syst.  Unters.  d.  Bl.  der  Rhamneen  aus  den  Trihen  Ventila- 
gincen,  Zlzypheen  u.  Rhamneen,  Diss.,  Miinchen,  in  Beih.  z.  bot.  Centralbl.,  xt,  1903,  pp.  95-307. — 
Siissengnth,  BdMarungsverh.  d.  Wiirzb.  Muschelkalkpfl.,  Diss.,  Wiirzburg,  1904,  p.  35. — Theorin, 
Vaxttrichom.y  Arkiy  for  Bot.,  iii,  n.  5,  1904,  p.  4. — Areschoug,  Trop.  viixt.  bUidl^ggn.,  Sv.  Vet. 
Akad.  HandL,  39,  n.  3,  1905,  pp.  58,  59  (CV/w^'na).— [Mitlacher,  Verf.  y.  Cortex  Frangulae, 
Zeitschr.  osteneich.  Apoth.-Ver.,  1906,  pp.  4-7 ;  abstr.  in  Bot.  Centralbl.,  d,  p.  46a.]— Piccioli, 
Legnami,  Bull.  Siena,  1906,  pp.  151,  157-9,  >^^  '^'* — [^^^  additional  literature,  see  p.  11 73.] 


AMPELIDACEAE  (pp.  221-226). 

1.  Review  of  the  Anatomical  Features.  According  to  Gard,  the 
£rst  cork  may  in  some  cases  develop  in  the  bast  and  not  in  the  pericyde.  In 
the  pith  of  Teirastigma  Kalberlah  met  with  secretory  canals  with  mucilaginous 
contents  side  by  side  with  groups  of  mudlage-cells. 

2.  Structure  of  the  Leaf.  According  to  Gard's  recent  investigations, 
the  leaves  in  the  species  of  Vitis  are  mostly  bifacial  in  structure,  the  paUsade- 
tissue  consisting  of  one  or  two  layers ;  in  rare  cases  the  leaves  exhibit  a  ten- 
dency towards  centric  structure.  In  V.  Labrusca^  L,  the  lower  epidermis  is 
subpapiUose.  The  petiole  in  the  species  of  Vitis  contains  isolated  vascular 
bundles  which  are  arranged  to  form  a  ring ;  in  addition  to  the  main  system 
there  are  two  cortical  bundles  on  either  side  of  the  petiolar  groove,  and  in  rare 
cases  further  smaller  bundles  occur  in  the  same  position. 

The  following  statements  may  be  added  regarding  the  features  presented 
by  the  crystals.  According  to  Gard,  the  shape  of  the  individual  raphides  in 
CissuSy  Ampdopsis  and  Vitis  is  characteristic  of  these  genera,  one  end  of  each 
needle  being  pointed,  while  the  other  is  bidentate,  as  in  the  gypsum-crystals 
found  at  Montmartre.  According  to  the  same  authority,  the  raphides  m  the 
leaves  (especially  in  the  veins)  of  the  species  of  Euvitis,  Planch,  are  accompanied 
by  clustered  crystals,  while  in  V.  rotundifolia,  Michx.  and  V.  Munsoniana; 
Suns.  (V.  Muscadinia,  Planch.)  they  occur  side  by  side  with  prisms  of  oxalate 
of  lime. 
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3.  Structure  of  the  Axis.  According  to  Gard,  the  wood-fibres,  and 
the  fibrous  cells  in  the  bast  and  pericycle  of  the  '  Vites  verae^  are  invariably 
septate  by  means  of  thin  division-walls. 

The  cork  develops  subepidermally  also  in  Leea  (Hallier).  Regarding  the 
formation  of  the  cork  in  the  bast  and  the  detailed  differentiation  of  the  cork- 
cells  (with  U-shaped  or  unilateral  thickening)  in  Viiis^  see  Gard,  U.  cc. 

According  to  Gard,  the  arrangement  of  the  hard  bast  in  the  species  of 
Vitis  belonging  to  the  sections  Euviiis  and  Muscadinia  is  different  in  the  two 
cases  and  characteristic  of  each  section.  In  Euvitis  the  phloem  is  stratified 
into  hard  and  soft  bast.  In  Muscadinia,  on  the  other  hand,  the  bast-fibres 
form  more  or  less  regular  radial  rows  alongside  of  the  medullary  rays,  and 
exhibit  a  scattered  arrangement  in  the  inner  portion  of  each  bast-group. 

Literature :  [Millardet,  Hist  des  piinc.  var.  et  esp^cet  de  Tignes  d*origine  am^c.  etc,  1877-85 ; 
refened  to  by  Gard,  loc  cit.l^Kassner,  Mark,  Diaa.,  Breslau,  1884,  p.  ai. — Keller,  Laftwnrzeln 
einiger  DikotyL,  Diss.,  Heidelberg,  1889,  pp.  23-6. — [Tognini,  Stomi,  Atti  1st.  bot.Pavia,  1894.] — 
HalUer,  in  Natnurkundig  Tijdschr.  yoor  Ned.-Indie,  Ivi,  1896,  pp.  308,  309. — Gancbery,  Notes 
anaL  snr  qn.  vignes  bvlmdes,  Assoc  firan9.  poor  ravanoement  d.  sc,  Congres  Nantes,  1898,  ii, 
pp.  417-33.^ — Kalberlan,  Ban  v<m  TttrasHgma  scariosum,  Zeitscbr.  f.  Natnrw.,  Ixxi,  1898,  pp.  161- 
218.— Gaid,  in  Actes  Soc  Linn,  de  Bordeaux,  It,  1900,  pp.  cxvii,  ccii  and  ccvii ;  and  In,  1901,  pp.  x^ 
IxYii,  Ixx,  cxxyU,  and  cxxx.— [Lopriore,  Anat  di  alcnne  Aropelid.,  Boll.  Accad.  Gioen.Scnat. 
Catania,  1901, 16  pp. ;  abttr.  in  Just,  190a,  ii,  p.  38a] — ^Moliscb,  Pflanzen  als  Trinkquellen,  Deutsche 
Arbeit,  i,  1901,  p.  78  et  seq.^Rayaz  et  Bonnet,  Bois  de  U  vigne,  Ann.  de  TEoole  nat  agr.  de 
MontpelUer,  nonv.  s^r.,  i,  1001 ;  abstr.  in  Bot.  Cen^bL,  190a,  p.  451.]— Poulaen,  Luftrvddeme 
bos  Lissus  sicyoides,  Vidensk.  Meddelels.  KJ0benbaTn,  1903,  pp.  338,  339.— Gard,  £t  anat.  snr 
les  Tignes,  etc,  Th^»  Bordeaux,  1903,  134pp.  >  ^i^  ^  Actes  Soc  Linn,  de  Bordeaux,  Iviii,  1903.—. 
Tondera,  Innerer  Bau  d.  Sprosses  von  vUis  vtmftra.  Bull,  intemat  Acad,  sc  Cracovie,  1904, 
pp.  91-6,  a  pi. ;  see  also  Abb.  matb.-naturw.  Kl.  Akad.  Krakau,  ser.  3,  Bd.  vr,  B,  1904,  pp.  43-54 
(Polisb).— Frommel,  Plant  text,  cbil.,  1905,  p.  4i.~Netolitzkj,  Dikot^lenbl.  (Rhaphiden),  1905, 
pp.  35*8. — ^Fiies,  Zwei  sUdamerikan.  Lianen,  Botaniska  Studler  ullagn.  Kjellman,  1906,  p.  89  et  aeq. 
— Picdoli,  Legnami,  Bull.  Siena,  1906,  p.  133.— [For  additional  literature,  see  p.  1169.] 


SAPINDACEAE  (pp.  226-236). 
Appendix:  On  the Didiereae. 

We  may  append  to  the  Sapindaceae  a  discussion  of  the  genus  Didierea  (which 
was  formerly  regarded  as  a  member  of  this  Order  by  Baillon),  and  of  the  allied  genus 
Alluaudia,  both  of  which  are  distinguished  by  a  Cactus-like  habit.     In  the  first 

glace,  however,  it  may  be  pointed  out  that  these  genera  must  be  removed  from  the 
apindaceae ;  Radlkofer  nolds  that  Didierea  is  allied  to  the  taxonomic  group 
constituted  by  the  Amarantaceae  and  Polygonaceae.  Anatomically  the  two 
genera  are  characterized  by  the  possession  of  mucilage-receptades  or  mucilaf  e-cells^ 
the  subepidermal  development  of  the  cork,  and  the  occurrence  of  isolated  Bundles 
of  pericychc  fibres. 

Our  knowledge  of  the  anatomy  of  Didierea  is  as  follows.  The  primary  cortex 
contains  spaces  which  are  almost  as  big  as  a  grain  of  millet  and  are  filled  with 
mucilage  ;  near  the  surface  there  is  a  continuous  layer  of  stone-cells,  some  of  which 
are  of  very  considerable  dimensions,  while  on  the  outer  side  of  this  layer  are  situated 
cells  containing  large  clustered  crystals  of  oxalate  of  hme  ;  finally,  the  greater  part 
of  the  primary  cortex  consists  of  cells  with  brown  tanniniferous  contents,  wtdch 
in  the  uving  plant  are  possibly  of  the  nature  of  latex.  Cells  with  similar  brown 
contents  are  also  present  in  the  pith.  The  bast-fibres  form  circular  CToups  of  vary- 
ing size.  The  wood  possesses  broad  medullary  rays,  wood-fibres  beanng  simple 
E*ts,  and  vessels  with  simple  perforations.  A  transverse  section  through  one  of  the 
lear  leaves  shows  a  homogeneous  mesophyll  containing  tannin-  and  mucilage- 
cells,  and  7-9  isolated  vascular  bundles,  which  are  arranged  in  the  form  of  an  almost 
closed  arc ;  the  stomata  are  not  present  in  large  numbers  and  are  only  slightly 
depressed. 

As  regards  the  structure  of  the  axis  in  A  lluaudia,  we  may  add  that  in  A.  procera 
the  primary  cortex  contains  mucilage-  and  tannin-cells,  while  in  A.  ascenaens  the 
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mucilage-cells  are  not  isolated,  but  fuse  to  form  mudlage-lacunae.  The  epidermis 
on  both  sides  ol  the  leaf  of  AUuaudia  has  a  thick  cuticle  ;  beneath  each  epidermis 
there  is  a  one-layered  hypoderm,  which  at  certain  points,  and  especially  in  the 
neighbourhood  of  the  stomata,  shows  an  increase  in  the  number  of  layers.  On 
the  upper  side  of  the  leaf  the  mesophyll  consists  of  indistinct  palisade-tissue.  The 
stomata,  which  are  found  on  the  lower  surface,  are  not  numerous  and  are  strongly 
depressed.  A  feature  worthy  of  special  note  is  the  occurrence  of  clustered  crystals 
of  oxalate  of  Hme  in  the  epidermis  of  the  leaf  as  well  as  in  that  of  the  stem. 

litentQie :  R.  Schenck,  Qumacai  dpo,  Diss.,  ErUngen,  1894,  19  pp. — Radlkofer,  in  Natiirl. 
Pflanzenfiim.,  iiL  Teil,  Abt.  5,  1896,  p.  40a.— Schwabach,  in  Bot.  Centratbl.,  1898,  iv,  pp.  357-9.— 
[RndlkofeT,  Sapindaceae,  in  Martins,  Flora  bnsil.,  xiii,  3, 1892-1900.] — HaberUndt,  Sinnesorgane, 
1901,  pi  136  et  aeq. — ^Pitard,  P^rtqrcle,  Thte,  Bordeaux,  1901,  p.  71. — Perrot  et  Gn^rin,  Dtdierea, 
Jonin.  de  bot,  1903,  pp.  233-51. — ^Areschon^,  Trop.  tuX,  UadbyggD.,  Sv.  Vet.-Akad.  Handl.,  39, 
n.  2y  1905,  pp.  68,  69  and  Tab.  ii  (Nephehum). — Haberlandt,  iJditsinnesoiganc,  1905,  p.  97.— 
PicdoU,  Le^ami,  Ball.  Siena,  1900,  p.  176. — [Radlkofer,  in  Natiirl.  Pflanzenfam.,  Erg.-Heft  ii, 
1907,  pp.  202-9;  see  also  Nachtr.  znm  li-iv  Teil,  1897,  p.  228.] 

HIPPOCASTANACEAE  (pp.  236-237). 

The  stomata  on  the  leaves  of  Aesculus  calif ornicay  Nutt.  are  provided  with 
neighbouring  cells  which  bear  striate  papillae,  converging  towards  one  another 
in  a  radiate  manner.  1 

Liteiatnre:  Uhlworm,  Entwicklnngygescb.  d.  Trichome,  Bot.  Zeit.,  1873,  p.  818.— Hohnel, 
Gerberinden,  Berlin,  1880,  p.  115  et  seq^Nanke,  Blatt  n.  v^t.  Azen  dikoL  Holzpfl.,  Diss., 
Zy  1886,  p.  16  et  seq.— Kohne,  Papill.  a.  obers.  Spaltoffn.,  Mitteil.  dendrolog.  Gesellsch., 


1899,  p.  58b — Tnnmann,  Sekretdrftoen,  Diss.,  Bern,  1900,  pp.  25,  26. — ^Bonygnes,  Cert.  m6i8t.  vase. 
dans  le  pMole,  Act.  Soe.  linn.  Bcodeanx,  lyi,  iQOi,  pp.  Ivii,  lyiii — Htard,  P^ricjcle,  These, 
Boideaaz,  1901,  pp.  87,  88. — Bonygnes,  P^ole,  Th^,  Paris,  1902,  pp.  8  and  ii.*-CoI,  Faisoeaux, 
Ann.  sc.  nat.,  s^r.  8,  t.  xx,  1904,  p.  140. — Piccioli,  Legnami,  Boll.  Siena,  1906,  p.  142. 

ACERACEAE  (pp.  238-240). 

1.  Review  of  the  Anatomical  Features.  According  to  Warsow, 
secretory  sacs  are  present  in  the  veins  of  the  leaf  in  all  the  species  of  Acer^ 
although  their  contents  are  milky  only  in  a  small  number  of  cases.  Latex- 
cells  situated  in  the  mesophyll,  besides  occurring  in  A,  campestrcy  L.,  are  found 
also  in  A.  fictumy  Thunb.  and  A,  neglec^um,  Lang.,  which  belong  to  the  section 
Plaianoidea^.  Sausage-shaped  or  almost  spherical  idioblasts  containing 
mucilage  have  been  observed  in  the  mesophyll  in  A.  laevigatumy  Wall,  and 
A.  obhngumy  Wall.  The  clusters  of  calcium  oxalate  crystals  occasionally 
resemble  sphaerites  ;  another  form  of  excretion  of  oxalate  of  lime  is  that  of 
small  rod-shaped  or  acicular  crystals,  which  are  found  in  the  mesophyll.  In 
the  genus  Acer  the  unicellular  clothing  hairs  are  accompanied  by  uniseriate 
ones ;  two-armed  hairs  have  been  recorded  also  in  A.  parviflorumy  Franch. 
et  Sav. 

2.  Structure  of  the  Leaf.  The  following  statements  are  based  on 
Warsow's  recent  investigations,  which  deal  with  eighty-five  species  and  have 
led  to  certain  improvements  in  Pax's  S3^tem  of  classification. 

The  structure  of  the  leaf  is  for  the  most  part  bifacial  and  rarely  centric 
or  subcentric.  The  palisade-tissue  generally  consists  of  a  single  layer  of  cells. 
The  stomata  are  almost  invariably  confined  to  the  lower  side  of  the  leaf ;  only 
in  a  few  species  (e.g.  A.  japonicum,  Thunb.)  do  they  occur  in  small  numbers  also 
on  the  upper  side,  where  they  are  found  in  the  neighbourhood  of  the  veins, 
Tht  lateral  margins  of  the  epidermal  cells  are  straight  or  undulated,  but  in 


'  The  nomenclature  of  the  sections  adopted  here  and  in  the  following  description  is  based  on  Pax's 
revision  of  the  Aceraceae  in  Engler*s  '  Pflanzenreich.' 
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a  few  species  (e.g.  A.  Ttaulvetteri^  Medw.  or  A.  nikoense^  Maxim.)  the  cells 
of  the  lower  epidermis  have  jagged  margins.  The  cuticle  occasionally  exhibits 
striation,  while  in  certain  species  it  is  covered  by  a  layer  of  wax  of  varying 
thickness  ;  the  latter  is  the  cause  of  the  white  colour  presented  by  the  lower 
surface  of  the  leaf  in  A.  Drummandii^  Hook,  et  Am.,  A.  niveum^  Bl.  and  A.  sac- 
charinum,  L.  Gelatinization  of  the  epidermis  of  the  leaf  is  remarkably  conmion 
in  the  genus  Acer  (for  details,  see  Warsow's  paper),  either  affecting  both  upper 
and  lower  epidermis  or  only  the  upper  epidermis.  Papillose  differentiation 
of  the  lower  epidermis  has  been  recorded  m  the  following  additional  species  : 
A.  caesium^  Wall.,  A.  DureUi^  Pax,  A.  glabrum^  Ton*.,  A,  griseum^  Pax,  A.  Hd- 
dreichii^  Orph.,  A,  hybridum^  Spach,  A,  insigne^  Boiss.  et  Buhse,  A,  mand- 
schuricum,  Maxim.,  A.  fnanspesstdanum^  L.,  A.  nikoense,  Maxim.,  A.  niveum^ 
BL,  A,  ramosum,  Schwer.,  A,  sericeum^  Schwer.,  A.  sinense.  Pax,  A.  sutckuensef 
Franch.  and  A.  TraidveUeri^  Medw.  Specially  noteworthy  features  are  :  the 
occurrence  of  one  or  two  small  solitary  crystak  in  cells  of  the  lower  epidermis 
in  A.  eriatUkum^  Schwer.  and  A.  oblongum.  Wall.,  these  cells  being  generally 
somewhat  smaller  than  the  remaining  epidermal  cells ;  and  the  presence  of 
tanninif  erous  idioblasts  in  the  lower  epidermis  in  A .  viUosum^  Wall.  Hypoderm 
has  not  been  recorded  in  any  species  of  A  cer.  The  larger  veins  almost  invariably 
contain  a  ring  of  sclerenchyma ;  but  in  most  of  the  species  belonging  to  the 
section  Indivisa  there  are  only  arcs  of  sclerenchyma  or  isolated  sclerenchy- 
ma tons  elements.  In  all  the  species  oi  Acer  the  smaller  veins  are  vertically 
transcurrent  by  means  of  tissue  with  thin  or  thick  walls. 

Oxalate  of  lime  is  developed  in  relation  to  the  vascular  bundles  of  the 
veins  ;  in  a  certain  number  of  the  species  it  is  deposited  mainly  in  the  form 
of  solitary  crystals,  while  in  the  remainder  it  occurs  principally  in  the  form 
of  clustered  crystals.  Lar^e  idioblasts  which,  in  addition  to  smaller  crystalline 
masses,  contain  a  large  sohtary  crystal,  often  placed  with  its  lon^  axis  at  right 
angles  to  the  surface  of  the  leaf,  are  found  not  only  in  A.  Negunao,  L.,  but  also 
in  the  remaining  species  of  the  section  Negundo  {A.  califomicum^  Dietr.  and 
A .  mexicanum^  Pax),  as  well  as  in  ^4 .  cissifolium,  C.  Koch  ;  these  elements  cause 
transparent  dots  in  the  leaf.  Similar  idioblasts  containing  clustered  crystals, 
which  occasionally  resemble  sphaerites,  are  present  in  the  species  of  the  section 
Indivisa  (with  the  exception  of  A.  carpinifolium^  S.  et  Z.),  in  A.  glabrum^ 
Torr.  and  in  those  of  the  section  Macrantka.  We  have  already  pointed  out 
above  that  according  to  Warsow  the  secretory  sacs  no  doubt  occur  in  all  the 
species  oiAcer;  they  are  situated  in  the  bast  in  the  vascular  bundles  of  the  veins 
and  probably  in  the  axis  as  well.  In  transverse  sections  of  the  leaf,  which  have 
been  bleached  with  Eau  de  Javelle,  they  show  up  distinctly  owing  to  their 
large  lumina,  but  only  in  a  small  number  (12  out  of  85)  of  the  species  do  they 
contain  t5^ical  latex.  These  species  are  the  following :  A .  macrophyUum,  Pursh 
(which  should  perhap  be  transferred  from  the  Sect.  Spicaia  to  the  Sect.  Plata- 
noidea) ;  all  the  speaes  of  the  section  PUUanoidea  which  have  been  investigated, 
viz.  A.  laetum^  C.  A.  Mey.,  A.  Lobelii,  Ten  ,  A.  Miyahei,  Maxim.,  A.  negledum, 
Lange,  A,  pidum,  Thunb.,  A,  platanoides,  L.,  and  A.  truncatum^  Bge. ;  A.  cam- 
pestre,  L.  (which  should  perhaps  be  removed  from  tiie  Sect.  Campestria  and 
placed  in  the  Sect.  Platanoidea) ;  lastly,  A.  diabolicum,  BL,  A.  purpurascens, 
Franch.  et  Sav.  and  i4.  Tkamsoniiy  Miq.,  which  belong  to  the  section  LOhocarpa. 
In  the  remaining  species  the  contents  are  glassy  and  rather  stronglv  refractive ; 
they  are  readily  soluble  in  alcohol  and  water,  and  are  best  seen  by  mounting 
dry  transverse  sections  in  olive-oil.  The  latex-cells  and  mudlage-idioblasts, 
occurring  freely  in  the  mesophyll  in  certain  species,  have  already  been  referred 
to  above. 

The  most  widely  distributed  type  in  the  haiiy  covering  are  unicellular 
clothing  hairs.    In  some  cases  they  are  developed  in  the  form  of  papillae,  but 
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this  type  of  differentiation  is  only  found  in  species  which  have  a  papillose  epider- 
mis in  the  leaf,  and  in  which  the  hairs  constitute  a  transition  to  the  papillae. 
As  a  rule,  however,  the  clothing  hairs  are  elongated  structures,  which  are  either 
^^avy  or  stiff ;  in  the  latter  case  they  may  be  straight  or  bent  after  the  manner 
of  a  sabre.  Uniseriate  clothing  hairs  (composed  of  eight  cells  or  less)  are  found 
only  in  a  small  number  of  species  (mainly  in  the  section  PUUanotdea).  Tlie 
ends  of  the  clothing  hairs  are  for  the  most  part  pointed,  rarely  {A .  parvifiorum^ 
Franch.  et  Sav.)  rounded.  Two  types  of  glandular  hairs  may  be  distinguished. 
The  first  of  these,  which  is  the  most  widely  distributed,  comprises  approximately 
club-shaped  glandular  hairs  with  a  unl-  or  biseriate  staJx  (mostly  composed 
of  5  or  10  cdls)  and  a  multicellular  head.  A  modification  of  this  type  of  hair 
is  found  in  the  species  of  the  section  Plaianoidea,  in  which  the  cells  of  the  stalk 
are  flat  and  the  head  spherical.  The  second  type  of  glandular  hair  is  constituted 
by  xmiseriate  external  glands,  which  in  certam  species  pass  over  into  (multi- 
seriate)  shaggy  hairs ;  a  peculiar  form  of  trichome,  which  may  be  noticed  in 
this  connexion,  is  that  of  glandular  shaggy  hairs,  which  exhibit  division  into  two 
uniseriate  glands  at  a  point  situated  at  a  varying  distance  from  the  base  of  the 
trichome.  The  second  type  of  external  gland  occurs  in  the  species  of  the  section 
Indivisa  (with  the  exception  of  A.  carfinifolium,  S.  et  Z.  and  A.  distyluiUy 
S.  et  Z.),  in  i4.  rubrum,  L.  and  in  the  species  of  the  section  MacratUha  (excepting 
A.  parviflorum^  Franch.  et  Sav.). 

For  the  vascular  system  of  the  petiole,  see  also  Bouygues  and  Col,  U.  cc. 

Literatme:  Gr^orr,  Cork  wings,  Bot.  Gaz.,  1888,  pp.  381,  a8a.— [Tognini.  Stomi,  Atti  1st. 
bot.  PaTim,  i8$K.}-JCoQii€^  Papill.  n.  obeneit  Spaltofih.,  MitteiL  deutsch.  dendrolog.  Gesellach., 
1899,  p.  58.— Hammerle,  Actr  PseudoplaianuSj  Bibl.  bot..  Heft  50,  1900,  loi  pp. — Petersen, 
Vedtfiatomi,  1901,  p.  47. — Boaygiies,  P^iole,  Thte,  Paris,  looa,  p.  ix. — ^Pax,  in  Pflanzenreich, 
Heft  8,  190a,  p.  a.— Tiizson,Spiralige  Strnkt.  d.  Zellw.  in  den  Markstr.,  Ber.  dentsch.  bot.  Gesellach., 
1903,  p.  376. — Warsow,  Syst-anat  Untersnch.  d.  Bl.  bei  d.  Gatt  Acer^  etc.,  Diss.,  Erlangen,  190^ 
109  pp.;  sep.  copy  from  Beih.  z.  Bot  Centralbl.,  xv,  p.  493  et  seq. — Col,  Faisceanx,  Ann.  sc.  nat., 
s6r.  8,  t.  xx^  19^4,  pp.  I3<H^ — Sussengnth,  Behaamngsverb.  der  Wurzb.  Muschelkalkpfl.,  Diss., 
WSxzbnrg,  1904,  p.  34. — ^Haberlandt,  Lichtsinnesorg.,  1905,  pp.  105,  106  and  Tab.  iii. — Theorin, 
Vaxttrichom.,  Arkiy  for  Bot,iy,n.  18, 1905,  pp.  a,  3. — Piccioli,  Legnami,  Bull.  Siena,  1906,  p.  138. 

STAPHYLEACEAE  (pp.  242,  243). 

Literature:  Piocioli,  Legnami,  Bnll.  Siena,  1906,  p.  130. 

SABIACEAE  (pp.  243,  244). 

The  exact  nature  of  the  '  |)oches  s6cr6trices,'  mentioned  by  Pierre  (in  Flore 
forest,  de  la  Cochinchine,  xxiii,  1897)  as  occurring  in  Meliosma  Cambodiana, 
must  be  made  l^e  subject  of  renewed  investigation,  in  view  of  the  fact  that  in  other 
species  of  Meliosma  KadUcofer  has  recorded  the  presence  of  cells  having  siliceous 
contents  (not  resin-cells,  see  p.  243). 

Literatnre:  Piene,  loc  dt.,  1897.— Pitard,  P^ricycle,  Thise,  Bordeaux,  looi,  pp.  76  and  94.— 
[Dibm,  Blatt  d.  Gatt.  Mdiosma  in  anat.  Hindcht,  Beih.  z.  bot.  Centralbl.,  xxi,  Abt.  i,  1907,  31  pp. 
and  Tab.  v,  ▼!] 

ANACARDIACEAE  (pp.  244-248). 

1.  Review  of  the  Anatomical  Features.  To  the  statements  on  the 
hairy  covering  we  may  add  that  simple  uniseriate  clothing  hairs,  as  well  as 
branched  (glandular  ?)  multicellular  tiichomes  also  occur  in  this  Order. 

2.  Structure  of  the  Leaf.  The  mesophyll  is  bifacial  in  most  of  the 
species  of  W%us  of  the  section  Gerontogeae,  Engl.,  which  have  been  investigated 
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by  Diels ;  in  R.  incisa,  L.  i.  it  consists  of  palisade-tissne  only.  In  the  species  of 
RhuSf  belonging  to  the  section  just  named,  the  stomata  are  either  confined  to 
the  lower  side  or  occur  on  both  sides  of  the  leaf.  In  R.  Burkeana^  Sond.  the^ 
are  deeply  sunk  and  provided  with  a  vestibule,  the  inner  margin  of  which  is 
formed  by  the  neighbouring  cells  of  the  stoma,  which  project  considerably 
beyond  the  level  of  the  epidermis.  Papillae  are  found  on  the  lower  side  of  the 
leif  also  in  R.  CoUnus^  L.  (according  to  Knothe)  and  R.  Osbecki,  DC.  (acax'diiig 
to  K5hne).  Regarding  the  hafay  covering  we  may  add  the  fdlowing  facts. 
The  uniseriate  trichomes  occurring  in  certain  species  of  RIws  are  hi*  to  multi- 
cellular and  have  pointed  or  blunt  ends..  R.  korrida,  Edd.  et  Zeyh.  has  stellate 
trichomes  with  thm  walls,  the  ray  cells  of  which  show  a  radial  arrangement  and 
lie  in  a  plane  parallel  to  the  surface  of  the  leaf ;  similar  trichomes,  whkh, 
however,  exhibit  irregular  mentation  of  the  ray-cells,  are  found  in  R.  samalensis^ 
Engl.,  while  R.  incana^  Engl,  has  irregularly  branched  trichomes  composed  of 
a  large  number  of  cells  ;  all  these  different  forms  of  hairs  may  possibly  have 
a  glandular  function.  Among  the  types  of  glandular  hairs  observed  by  Dids 
we  may  mention  the  txterasl  glands  found  in  R,  discolor^  E.  Hey ;  they 
have  a  unicellular  stalk  and  a  unicellular  glandular  head  of  variable  shape. 
Small  peltate  glands  with  irregularly  arranged  glandular  cells  have  been  reccnrded 
also  in  Campnosperma  (Fabridus). 

3.  Structure  of  the  Axis.    Silica-bodies  are  found  in  the  wood-paren- 
chyma in  Mdanorrhoea  chtusifolia^  Engl.  (Bargagli-Petrucd). 

The  contents  of  the  secretory  canals  are  sometimes  (species  of  Rhus)  of  the 
nature  of  latex  ;  see  also  Molisch,  loc  dt. 

litentore :  [Vogl,  Gnm  of  Quebracho  Colorado,  Pharm.  Jouin.  and  Transact,  1880;  abstr.  in 
Bot.  Centralbl.,  1880,  p.  1043.]— Jadio,  Oig.  t^cr^,  These,  Mootpellier,  1888,  p.  45  et  aeq.— J.  E. 
Weiss,  Korkbild.,  Doikschr.  bot.  Gesellsch.  R^ensbnig,  vi,  1890,  p.  64.~Jadin,  On.  TMbinth., 
Jonm.  de  hot.,  1893,  p.  38a  et  seq.-'Knoblanch,  Oekolog.  AnaL  etc,  Habilitat-Sdir^  Tiibingen, 
18^,  p.  1 1  et  seq. — ^Wemer,  Nenere  Drogen,  Diss.,  Erhmgen,  1896,  pp.  i-io  {Coriex  Comocladiae), — 
Diels,  Ephannose  d.  Vegetationsoig.  bei  Rhus^  L.  §  Geroniogtaey  EngL,  in  Engler,  BoC  Jahrb.,  sdr, 
1898,  pp.  568-647  and  Tab.  xiy.— Pierre,  Floie  forest,  de  la  Cochinchine,  xzIt,  1898  {Dracomi^- 
m£ium\  and  xvii,  189a  (AliM^^a).— Kohne,  Papill.  n.  obenett  Spaltofin.,  Mittetl.  deataeh. 
dendrolog.  Gesellsch.,  1899,  p.  58. — Mobins,  Der  Wgu^  Lackbanm,  Rhus  vermkiferu^  Abh. 
Senclcenl^fg.  Gesellsch.,  xx,  1890,  pp.  a  10-3 7. — Inui,  Gnmmihaxxgang  d.  Lackbaumes,  etc,  Bot. 
Centralbl.,  1900,  iii,  p.  35a. — Bnqnet,  Anat  oomp.  de  la  fenille  <£ez  les  Pistacia  LetUiscus,  etc. 
Ball,  de  I'Herbier  Boissier,  ser.  a,  t.  i,  1901,  pp.  1 301-5. — Molisch,  Milchsaft  n.  Schldmsaft,  1901, 
p.  35,  footnote  I. — Pitard,  P^ricjcle,  Thise,  Bordeaux,  1901*  pp.  40  and  74. — ^Bargagli-Petmcd, 
Concrez.  silicee,  Malpighia,  190a,  p.  33  et  seq. ;  and  L^nami,  loc.  dt.,  p.  319  et  seq.  (CVms/mw- 
spirma^  Melanochylay  Melancrrhoea^  P€fUaspadm).^BoiijgQe^,  P^ole,Thte,  Paris,  190a,  p.  la. — 
Fabricios,  Lanbblatt-Anat.,  Beih.  z.  bot  Centralbl.,  xii,  ioo3>  PP-  3'iff  3i3. — Knothe,  Unbenetz- 
bare  BL,  Diss.,  Heidelbeig,  190a,  p.  10. — Simon,  in  Ber.  dentsch.  bot  Gesellsch,,  190a,  p.  341. — 
[Armari,  Piante  della  reg.  medit,  Ann.  di  Bot,  i,  1903,  p.  17  et  seq.  {nsiacui)J] — Qoanjer,  Anat 
bonw,  etc.,  Natnurk.  Veihandel.  Haarlem,  iii,  5,  1903  {Gluia  Benthos  and  Buchammia  sp.). — 
Urspmng,  in  Bot.  Zeit.,  1904,  p.  198.— Areschoog,  Tiop.  viax.  bladbyggn.,  St.  Vet.  Akad.  HandL, 
39,  n.  a,  1905,  pp.  76.  77  {Mangifera)^  and  pp.  134,  1 35  (Anacaratum). — Sarton,  Anat  d.  pt 
aflines,  Ann.  se.  nat.,  ser.  9,  t  ii,  1905,  pp.  63-79  {Pistana). — Piccioli,  Legnami,  Ball.  Siena,  1906, 
pp.  141,  150  and  160.— [For  farther  literature,  see  p.  11 69.] 

CORIARIEAE  (p.  249). 

Oxalate  of  lime  is  found  in  the  form  of  clustered  crystals  also  in  the  rhizome 
of  Coriaria  myrtifolia. 

Literature :  Villeneuve,  Le  Redoul,  Thise,  Montpellier,  1893,  6a  pp.,  especially  pp.  ao-37. 
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MORINGEAE  (pp.  249,  250). 

Guignard's  discovery  of  the  occurrence  of  myrosin-cells  in  this  Order 
is  of  great  importance  in  interpreting  the  taxonomic  relations  between  the 
Moringeae  and  the  Capparideae. 

Jadin  has  investigated  the  distribution  of  the  myrosin  in  detail  in  Moringa 
pterygosperma.  According  to  him  the  myrosin-cells  of  the  root  are  situated  in  the 
oast  and  primary  cortex,  myrosin  being  distributed  throughout  the  periphcaral 
layers  of  tne  cortex.  In  the  branch,  myrosin-cells  are  likewise  present  in  the  bast 
and  the  primary  cortex  (here  especially  in  the  subepidermal  layer  of  cells).  Similar 
cells  occur  also  in  the  mesophylL 

Uteiatiire :  Tadin,  Loadisat.  de  U  myrosine  et  de  U  gomme  chez  les  Moringa^  Comptes  rendus 
Paris,  1900,  I.  S^m.,  pp.  733-5. 


CONNARACEAE  (pp.  250-253). 

Pierre  records  small  secretory  cells  and  a  hypoderm  in  the  leaf  in  Cnestis 
ramiflara^  Griff.,  secretory  cells  and  an  almost  sclerosed  palisade-tissue  com- 
posed of  two  layers  in  Aglaia  Cafnbodiana. 

A  composite  and  continuous  ring  of  sclerench3nna  is  developed  in  the 
pericycle  also  in  Contuirus  panictdatus  (Pitard). 

Litentore:  Baitek,  CangowE,  Diss.,  Erlangen,  1894,  pp.  28,  39. — CoBtenis,  Conftams,  Ann. 
Jaidin  Boitaiioig,  SappL  ii,  1898,  pp.  109-1  a  and  pi.  iv. — Piene,  Flore  forest  de  la  Cochinchiiie, 


xxvr,  1898. — ^Pitard,  Pericycle,  These,  Boideanz,  1901,  p.  85. — Areschong,  Trap,  viizt.  bladbjmi., 
St.  Vet  Akad.  HandL,  39,  n.  3,  1905,  pp.  iii,  iia  and  Tab.  xiv,  xy  {Connarus), — [Speriich,  Opt. 
Verb,  in  d.  oberseit  Blattepidennis,  Sitz.-Ber.  Wiener  Akad.,  cxn,  Abt.  i,  1907,  p.  718.] 


LEGUMINOSAE  (p.  253). 
I.    Papilionaceae  (pp.  253-281). 

I.  Review  of  the  Anatomical  Features.  The  following  additional 
facts  have  been  recorded  : — 

Internal  secretory  organs  (p.  254) : — ^Mudlage-ceUs  are  found  in  Caragana^ 
and  mucilage-lacunae  in  Alhagi  and  Halimodendron.  Secretory  cavities  in  the 
form  of  ordinary  intercelluku:  spaces  filled  with  secretion  occur  in  AtUhyUis 
Genistaej  Duf .,  while  closed  schizogenous  secretory  cavities  are  present  in  the 
leaf  in  the  monotypic  genus  Corayla.  Lastly,  schizogenous  secretory  canals 
are  found  in  the  primary  cortex  of  the  branch  in  Cordyla. 

Oxalate  of  lime  (p.  254) :— Small  crystalline  grains  or  needles  are  not 
uncommon  in  the  Podalyrieae  and  Genisteae,  and  occur  also  in  members  of  the 
Trifolieae,  Loteae  and  Vicieae. 

Hairy  covering  (pp.  254,  255) : — Of  special  forms  of  clothing  hairs  three- 
ceUed  trichomes  having  a  two-armed  terminal  cell  are  present  also  in  certain 
Podalyrieae  and  Genisteae.  With  reference  to  the  distnbution  of  the  external 
glands  we  may  note  that,  taking  the  results  of  the  earlier  investigations  into 
consideration  as  well,  they  are  of  frequent  occurrence  only  in  the  Tribes  Tri- 
foUeae,  Galegeae,  Hedysareae,  Vicieae,  Phaseoleae  and  Dalbergieae,  while 
they  are  absent  in  the  Podalyrieae,  Sophoreae  and  Swartzieae,  and  are  only 
rarely  met  with  in  the  Genisteae  and  Loteae. 

Special  anatomical  features  (p.  255) : — Pseudo-pitting  or  internal  striation 
of  the  epidermal  cells  of  the  leaf  (certain  Podalyrieae  and  Genisteae) ;  epidermal 
cells  of  the  leaf  having  a  prosenchymatous  sliape  (species  of  Lathyrus)  or  elon- 
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gated  transversely  to  the  midrib  (species  of  Euiaxia  and  TrifoUum);  a  peculiar 
depression  of  the  stomatal  apparatus  (species  of  Jacksonia) ;  restriction  of  the 
stomata  to  the  upper  side  of  the  leaf  (in  certain  Podalyrieae  which  have  rolled 
leaves  with  a  furrow  on  the  upper  side) ;  transverse  arrangement  of  the  stomata 
on  the  leaves  (species  of  AnarikrophyUum,  Euiaxia^  and  Latrohea)  or  on  the 
assimilating  axes  (Daviesia  divaricata,  Benth.) ;  spicular  fibres  in  the  mesophyll 
(species  of  PuUenaea^  DiUwynia^  Bossiaea) ;  special  structural  features  pre- 
sented by  the  veins  of  the  leaf  ('  double  vascular  bundles  '  in  Daviesia,  annular 
arrangement  of  the  vascular  bundles  of  the  leaf,  &c.) ;  lastly,  the  occurrence  of 
sphaerocrystalline  masses  or  of  bodies  resembling  indigo  or  indican  in  the 
mesophyll. 

Anomalies  in  the  structure  of  the  stem  (p.  255) : — ^Successive  rings  of 
growth  occur  also  in  Strongylodon. 

2.  Structure  of  the  Leaf.  In  recent  times  a  detailed  investigation 
of  the  structure  of  the  leaf  has  also  been  undertaken  in  the  Podalyrieae  (by 
Prenger',  Burkle*  and  Huhner'),  the  Genisteae  (by  Schroeder*,  Cohn*, 
Winkler  •,  Levy  %  H.  Schulze  •,  W.  Schulze  •  and  Rauth  '•),  the  Trifolieae  (by 
G.  Fischer  "),  the  Loteae  (by  W.  Schmidt ")  and  the  Vicieae  {by  Streicher  "). 

The  epidermis  of  the  leaf  in  these  groups  shows  features  sunilar  to  those 
found  in  the  Tribes  previously  investigated,  the  characters  being  for  the  most 
part  of  value  in  specific  diagnosis.  In  many  Podalyrieae  and  also  in  certain 
Genisteae  the  cuticle  exhibits  verrucose  thickenings  ;  this  feature  is  commonly 
combined  with  the  p>enetration  of  peg-shaped  or  lamella-like  processes  of  the 
cellulose-membrane  into  the  outer  cuticulmzed  portion  of  the  external  waU ; 
this  leads  to  a  peculiar  structure  as  seen  in  surface-view  (*  pseudo-pitting '  or 
'  internal  striation ').  Lateral  walls  exhibiting  an^ar  folds  have  recently 
been  observed  also  in  Anagyris  foelida.  Ten.,  species  of  Ononis,  Trigonella, 
MelUotus  and  TrifoUum,  and  species  of  Securigera,  Dorycnium,  Lotus  (see 
Syst.  Anat.,  p.  256,  footnote  i),  Anthyllis,  Hymenocarfus  and  Hosackia ;  epider- 
mal cells  of  prosenchymatous  shape  have  been  recorded  in  s|>ecies  of  Latnyrus ; 
epidermal  cells  elongated  transversely  to  the  midrib  in  species  of  Euiaxia  and 
frifolium ;  special  small  (empty  ?)  cells  in  the  epidermis  in  certain  species  of 
Lupinus,  Formation  of  papillae  is  a  common  feature ;  the  papillae  vary  in 
shape,  are  sometimes  solid  or  reduced  to  cuticular  humps,  and  may  be  present 
either  on  both  surfaces  of  the  leaf  or  only  on  one.  An  important  point  with 
reference  to  the  g:elatinization  of  the  epidermis  lies  in  the  fact  that  epidermal 
cells  with  mucilagpaious  inner  membranes  have  not  been  observed  in  any  member 
of  the  Loteae,  Trifolieae  or  Vicieae. 


*  Species  of  the  following  geneni  were  examined:  Anagyris,  Piptanthus,  Thermopsu  and 
Baptisia  (northern  hemisphere) ;  Cyclopia  and  Podalyria  (Cape  of  Good  Hope) ;  Brackysema, 
OxyloHum^  Choriuma  and  Mirbelia  (Australia). 

'  Hpcdts  of  Isalropis,  Gompholobium,Burtonia,  Jacksonia,  Sphaerolo^um,  VtmifiariayDaviesia, 
Aoius,  PhyUoia, 

*  Species  of  Gastrolodium,  Pu&enaea,  Latrobeay  Euiaxia,  DUlwynia. 

*  Species  oi  Liparia,  Priestleya,  AmphithaUa,  Latkriogyne,  Coelidium,  Platylobiumy  Bossiaea, 
Templetonia,  Hovea,  GoocUa. 

'  Species  of  Borbonia,  Kfrfnia,  Euchhra,  Loiononis,  Rothia,  Lebeckia^  Viborgia, 

*  Spedes  of  Crotalaria  and  Prioriiropis. 

*  Species  of  Aspalaihus,  Buckenroeekra^  Melohbium,  Dichilus,  Heylandia. 
'  Species  of  Lupinus  and  Argyrolobium, 

*  Species  of  Genista  with  Anarthrophylium,  Adenocarpus,  Calycoionie, 

'•  Species  of  Laburnum,  Peiferia,  Spartium,  Erinacea,  Ulex,  Cytisus,  I/ypo€alyptus  and 
Loddigesia, 

"  Species  of  Ononis,  TrigoneUa,  Medieago,  Melilotus^  Trifolium. 

*•  Species  of  Anthyllis,  Helminthocarpum,  Hymenocarpus,  Securigera,  Cytisopsis,  Dofycnium, 
Lotus,  Hosackia, 

'■  Species  of  Cicer,  Vicia,  Lens,  Lathyrus,  Pisum,  Abrus, 
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The  pseudo-ptttiiig  or  internal  striation  above  referred  to  has  been  observed 
in  the  following  cases :  (i)amonf^thePodalyiieae,in  species  of  Cyc(6^,  Poi2a^;n0, 
Oxyldnum,  Gomphotobium,  Davtsstaj  Aotus^  Burionia  (here  penetrating  into  the 
papillae  in  the  form  of  radiating  tufts)»  Pultenaea ;  (2 )  among  the  Genisteae,  in  species 
of  AspakUhus,  and  in  Lupinus  coriaceus^  Benth. 

Papillose  epidermal  cells  have  recently  been  observed  as  follows :  (i )  among 
the  Poaahrrieae,  in  species  of  Cyclopia^  Brachysema,  Oxylobtum^  Charixema,  Mirbelia, 
GampkoMrium,  Burtania,  SphaeroMnum^  Daviesia,  Aotus,  Phyllota,  Gasiroiobiumf 
Pultenaea,  Lairobea,  Euiaxta,  DiUwynia ;  (2)  amon^  the  Genisteae,  in  species  of 
Liparia,  PriesUeya,  Coelidium,  Bossiaea,  Templetanta,  Hauea,  Goodia,  Craialaria, 
Pfioritropis  (P.  oyHsoides,  W.  et  A.),  Lupinus  (only  isolated  epidermal  cdls),  Argyro- 
lobium  (only  isolated  epidermal  cells).  Genista  (also  in  G,  pilosa,  L.  according  to 
Kdhne,  cL  W.  Schulze)»  Adenocarpus,  Calycotome,  Laburnum,  Spartium,  Cytisus, 
Hypacafyptus,  Loddigesia;  (3)  among  the  TrifoUeae,  in  species  of  Trifolium;  (4) 
amonjj;  me  Loteae»  in  species  of  AnthyUis,  Darycnium,  Lotus,  Hosackia ;  (5)  among 
the  Vicieae,  in  Abrus  tenuiflorus.  Spruce  ;  (6)  amon^  the  Galegeae,  also  in  Indigo- 
fera  Gerardiana^  WalL  (according  to  Kdhne  ^).  Speaally  noteworthy  forms  are  &e 
papillae  of  Burtonia  scabra,  R.  Sr.  and  B.  villosa,  Meissn.,  which  are  provided  with 
a  coronulate  apex  and  are  connected  by  reticulate  cuticular  ridges,  and  the  papillae 
of  DiUwynia^  especially  i^.  hispida,  lindL,  which  form  longitudinal  rows  projecting 
in  the  fcnrm  of  ndges. 

Epidermal  cdls  with  mucilaginous  inner  membranes  have  been  recorded  in 
the  fcmowing  cases :  (i )  amon^  the  Podalyrieae.  in  species  of  Cyclopia,  Brachysema, 
OxyMnum,  Chorizema,  Mirbelta,  Burtonia,  Sphaerolobium,  Viminaria,  Aotus,  Phyl- 
lota,  Gaslrolobium,  Pultenaea,  Latrobea,  Eutaxta,  DiUwynia ;  (2 )  among  the  Genisteae, 
in  species  of  Platylobium,  Bossiaea,  Templetonia,  Hovea,  Goodia,  Borbonia,  Rafnia, 
Euchlora,  Lotononis,  Rothia,  Lebeckia,  Viborgia,  Aspalathus,  Melolobium,  DichHus, 
Heylandia,  Crotalaria,  Prioritropis,  Argyrolobium,  Genista,  Adenocarpus,Calycotome, 
Laburnum,  PeUeria,  Spartium,  Erinacea,  Ulex,  Cytisus. 

Hypoderm  has  recently  been  recorded  among  the  Podalyiieae  in  species 
of  the  genera  Daviesia  (on  both  sides),  Pultenaea,  Euiaxia  and  Dilhvynia 
(here  on  the  lower  side,  and  filled  with  brown  contents),  as  well  as  in  Crotalaria 
hmulata,  Heyne  (on  the  upper  side)  and  Cicer  subaphyUum,  Boiss.  (here  in  the 
leaf-spines).  Thin  vertical  walls  are  found  in  the  epidermal  cells  in  species 
of  PeUeria  (in  the  neighbouring  cells  of  the  stomata)  and  Cytisus, 

There  is  again  no  uniformity  in  the  type  of  stoma  found  in  the  Tribes 
Podalyrieae,  G^isteae,  Trifolieae,  Loteae  and  Vicieae.  In  the  Podalyrieae 
the  pairs  of  guard-cells  are  very  often  surrounded  by  a  varying  number  of 
ordinary  epidermal  cells,  but  the  following  additional  tjrpes  of  stomata  havie 
been  noticed  in  this  Tribe  :  stomata  with  four  neighbouring  cells,  two  of  which 
are  parallel  to  and  situated  to  the  right  and  left  of  the  pore  (in  species  of 
Brachysema,  Oxyhbium,  DiUwynia,  and  in  Aotus  cordifolia,  Benth.) ;  stomata 
with  three  neighbouring  or  subsidiary  cells  (in  species  of  Jacksonia,  Sphaero- 
Mnum,  Gasfyrolobium,  Pultenaea  and  Lairobea) ;  and  stomata  of  the  Rubia- 
ceous  tvpe  (in  species  of  Jacksonia,  Euiaxia  and  DiUwynia),  In  the  (^isteae 
the  following  types  are  found :  stomata  approximating  to  the  C^dferous 
type  (in  species  of  Rafnia,  Borbonia,  Lotononts,  Lebeckia,  Viborgia,  Crotalaria, 
PriorUropis) ;  stomata  showing  an  approximation  to  the  Rubiaceous  type 
(in  Hovea,  Hypocalyptus  and  Borbonia  crenaia,  L. ;  in  the  last  only  some  of  tW 
stomata  belong  to  this  type) ;  and  lastly,  stomata  surrounded  by  a  rosette 
of  epidermal  cells  of  the  nature  of  subsidiary  cells  (in  Tem^letonta,  Lebeckia 
psHoloba,  Walp.  (on  the  axis),  and  species  of  Anarthrophyltum  and  Genista)i 
For  most  of  the  Trifolieae  Fischer  records  3-4  (rarely  more)  neighbouring 
cells  arranged  according  to  the  Ranunculaceous  type ;   Ononis  alcme  follows 

I  In  Kohne's  paper  (loc  dt)  a  number  of  species  of  Colu^ea  and  Ho^inia  are  alto  mentioned  as 
haTittf  a  papOlow  epidennis  in  the  leaf;  Weyland,  who  investigated  the  Galegeae,  did  not  examine 

souKson  3    ^ 
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the  RnUiaceous  type.  According  to  Schmidt,  the  neighbouring  cells  (numbering 
usaally  3'4»  larely  2  or  6-7)  of  the  stomata  in  the  Loteae  are  not  specialized. 
Nor,  according  to  Strdcher,  are  those  of  the  Videae;  but  in  spedes  of 
Cicer^  Vicia^  Lens  and  Lathyrus^  a  small  number  of  stomata  have  been 
observed  with  a  paralld  subsidiary  cell  situated  to  the  right  and  left  of  the 
pore ;  in  Abrus  there  are  four  subsidiary  cdls,  of  which  one  is  occasionally 
placed  on  dther  side  of  and  paralld  to  the  pore.  The  stomata  situated  on 
the  assimilating  branches  of  certain  spedes  of  Jacksonia  are  sunk  and  require 
sipedal  mention.  The  pores  of  the  stomata  are  here  placed  paralld  to  the 
vertical  direction,  and  are  accompanied  dther  by  two  (in  this  case  paralld 
to  the  pore)  or  three  subsidiary  ceJls,  which  have  remarkably  thin  walls ;  the 
guard-cells,  together  with  their  subsidiary  cells,  are  sunk  in  the  surface  of  the 
branch  in  a  deep  pit,  which  generally  has  a  lon^,  narrow  outline.  On  that 
part  of  the  margin  of  the  pit,  moreover,  which  is  situated  nearest  the  base 
of  the  stem,  a  hair  is  inserted,  the  terminal  cdl  of  which  has  thin  walls 
and  wide  Itunina  and  covers  in  the  pit.  With  reference  to  the  distribution 
of  the  stomata  on  one  or  both  surfaces  of  the  leaf,  the  following  facts  may 
be  mentioned :  in  the  Trifolieae  and  Loteae  which  have  been  investigatea, 
the  stomata  are  invariably  present  on  both  sides ;  in  the  rolled  leaves  of 
certain  genera  of  the  Podalyrieae  (viz.  PuUenaea,  Euiaxia  and  DiUwynia^ 
in  which  the  leaves  are  furrowed  on  the  upper  surface),  as  wdl  as  in  CoduUum 
(Trifawe  Genisteae),  the  stomata  are  confined  to  the  upper  side^  The  stomata 
are  very  commonly  placed  paralld  to  one  another,  their  pores  being  at  the 
same  time  directed  paralld  to  the  midrib  of  the  leaf.  A  more  striking  feature 
is  furnished  by  stomata  which  lie  paralld  to  one  another,  but  are  arranged 
transversdy  to  the  midrib  of  the  leaf  or  to  the  vertical  axb  of  the  branch,  as 
the  case  may  be ;  e.g.  on  the  leaves  in  spedes  of  Euiaxia  and  in  Latrobea 
imeUa,  Benth.,  and  on  the  assimilating  axes  of  DavUsia  divaricaia,  Benth. 
(Tribe  Podalyrieae),  as  well  as  on  the  leaves  of  Anarthrophyllum  Cumingii, 
Phil.  f.  and  A.  andicolum^  Phil.  f. 

The  following  features  of  the  mesophyll  may  be  noted  :  the  central  pith- 
like tissue,  found  in  the  terete  or  narrow  leaves  of  spedes  of  Daviesia  and 
Lebediia ;  the  parenchyma  in  the  interior  of  the  adcular  leaves  of  spedes 
of  Aspalaihus,  which  envdops  the  vascular  system  and  resembles  a  pith ; 
the  occurrence  of  weakly  devdoped  spicular  fibres,  which  are  connected  with 
the  sderenchyma  of  the  veins,  in  species  of  PtdUnaea,  DiUwynia  and  Bossiaea, 
and  of  sderosed  parenchymatous  cdls  in  spedes  of  Buchenroedera. 

For  details  as  to  the  structure  of  the  veins,  the  reader  is  referred  to  the 
papers  dted  bdow.  The  smaller  veins  of  the  leaf  are  vertically  transcurrent 
m  certain  Podalyrieae,  Genisteae,  Trifolieae  (spedes  of  Trifolium)  and  Videae 
(Abrus).  Sderenchyma  is  occasionally  not  devdoped  in  the  veins ;  this  is 
specially  often  the  case  among  the  herbaceous  spedes.  According  to 
Strdcher,  the  sderenchyma  in  the  veins  of  Vicia,  Laikyrus^  Lens  and  Pisum 
is  confined  to  the  side  on  which  the  ?nrlem  is  situated.  In  those  species  of 
Daviesia  (Tribe  Podalyrieae),  in  which  the  leaves  are  approximately  horizontal 
and  of  some  breadth,  the  median,  veins  consist  of  two  opposite  systems  of 
vascular  bundles  with  their  xylem-groups  abutting  on  one  another  ('  double 
vascular  bundles ') ;  the  lateral  veins  eitner  contain  '  double  vascular  bundles ' 
of  the  same  type,  or  exhibit  a  row  of  simple  bundles  in  transverse  section, 
the  xylem-eroups  of  these  bundles  bdng  directed  altematdy  towards  the 
upper  and  lower  side  of  the  leaf.    An  annular  arrangement  of  the  vascular 


^  Kdhne.  (loc.  cit)  ttatet  tbat  the  ttomata  are  oonfiiied  to  the  upper  aide  of  the  leaf  al^o  in 
Genista  hit^tmica  and  G,  siHaa,  at  weU  as  in  LtspediMa  sericea  (tiedyaareae) ;  according  to 
W.  Schnlae  thia  is  inoonect  m  the  case  of  the  fiist  two  qwdes. 
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buacUes  is  found  also  in  the  leaves  of  the  species  of  Lebeckia^  which  contain 
a  tissue  resembling  a  pith  in  their  interior.  Sheaths  composed  of  large 
parenchymatous  cdOs  occur  in  certain  Podalyrieae^  Genisteae  and  Loteae^ 
and  enlarged  terminal  tracheids  or  storage-tracheids  are  present  in  certain 
representatives  of  the  same  three  Tribes. 

In  dealing;  with  the  secretory  organs  we  will  first  consider  the  tanning- 
sacs.  Their  distribution  in  the  Tribes  which  have  been  recently  investigated 
is  as  follows  :  They  are  present  in  the  leaf  in  certain  Podalyrieae  and  Loteae ; 
in  the  Tribe  Genisteae  they  occur  only  in  Goodia ;  in  the  Tribe  Trifdieae 
distinctly  difterentiated  sacs  have  hem  demonstrated  only  in  Parockdm; 
and  in  the  Tribe  Videae  they  are  altogether  wanting. 

To  the  synopsis  on  p.  260  we  may  add : — i  a.  Podalyrieae :  According  to 
Prenger»  Burkle  and  Huhner,  tannin-idioblasts  are  found  in  the  leaves  of  certain 
species  of  Cyclopia,  Brachysema^  Oxylobium,  Chovizema^  Mirbeiia,  Actus,  Pkyllota^ 
Pultenaea,  Lairobea,  Eutaxia  and  DiUwynia.  i  h.  Genisteae:  Schroeder  records  the 
ocdurence  of  sac-shaped  tannin-cells  in  the  palisade- tissue,  and  of  a  h3^podennal  layer 
of  cells  filled  with  brown  contents  in  the  spongy  tissue  in  Goodia,  a  genus  which 
is  anomalous  also  in  the  possession  of  trifoliate  leaves,  and  should  probably  be 
transferred  to  the  Galegeae.  2.  Trifolieae :  Tannin-sacs  have  been  observed  by 
G.  Fischer  only  in  the  parenchyma  of  the  veins  of  Patochetus  communis,  Hamilt. ; 
they  have  wide  lumina  and  are  arranged  in  rows.  3.  Loteae :  According  to 
W.Schmidt,  tannin-sacs  occur  in  the  leaves  in  Anthyllis  pro  parte,  Helminthocarpum, 
Cytisopsis,  Dorycnium,  Lotus  pro  parte,  and  Hosackia  (but  not  in  Hymsnocarpus 
and  Securigera),  6  a.  Vicieae  :  According  to  Stretcher,  there  are  no  tannin-sacs 
in  the  leaL  9.  Swartzieae :  Accordmg  to  Guignard,  tannin-sacs  are  present  also 
in  Cordyla  (primary  cortex  and  parenchymatous  pericycle). 

Other  types  of  secretory  cells  have  recently  been  observed  by  Jonsson* 
viz.  mudlage-sacs  in  the  palisade  tissue  of  '  Cofogana  fruUscens^  DC  ana 
mudlage-ceUs  in  the  secondary  cortex  of  Alhagi  ca$nelofum,  Fisch.  With 
these  we  may  dass  the  mucilage-lacunae  which  the  same  author  found  in 
older  parts  of  the  axis  of  Alhagi  camdorum  and  Halimodendron  argmUum^ 
DC. ;  these  lacunae  are  situated  in  the  secondary  cortex  in  the  former  species, 
and  in  the  pith  and  secondary  cortex  in  the  latter.  We  may  also  point  out 
here  that  Lebeckia  ?  rdamoiies^  in  which  G.  Cohn  found  rounded  secretory 
cells  with  resinous  contents,  belongs  to  the  genus  Tephrosia  (see  Solereder, 
loc.  cit.). 

Secretory  cavities  have  also  been  demonstrated  in  Antkyllis  Gemskte^ 
Dof .'  They  are  confined  to  the  leaf,  and  consist  of  ordinary  intercellular  spaces 
filled  with  a  bright  yellow  resinous  secretion,  which  is  soluble  in  alcohol ; 
they  are  connected  with  the  remaining  intercellular  spaces  and  thus  recall 
the  secretory  receptacles  found  in  Derris^  &c.'  According  to  Gui^ard,  closed 
schizogenous  secretory  cavities  occur  in  the  leaf  of  Cordyla  africana.  Lour. 
(Tribe  Swartzieae) ;  m  the  branch  of  the  same  plant  they  are  replaced  by 
schizogenous  secretory  canals  (situated  in  the  primary  cortex,  but  not  in  the 
pith  or  wood). 

New  forms  of  crystals  of  oxalate  of  lime  or  typical  clustered  crystals 


*  In  view  of  the  isolated  occurrence  of  secretory  oivities  in  this  species  (the  cavities  are  wanting 
in  the  doaely  related  A,  cytisoidis,  L.  and  A,  ffermanniae,  L.)  it  may  be  ezpreiBly  pointed  out  that 
a  leaflet  of  the  original  plant  (Herb.  DC.)  has  also  been  eiamined. 

*  Secretory  cavities,  provided  with  a  loose  papillose  epithelinm  (similar  to  those  found  in  certain 
species  of  Lamhacorpus)  have  recently  been  recorded  by  Geiger  (see  also  Duval)  also  m  Sumrtzia 
dicipiem.  Holmes,  the  leaves  of  which  coostitnte  a  new  form  of  adnltexation  of  Jaborandi-Ieaves. 
In  all  probability,  however,  S,  decipiem^  Holmes  no  more  belongs  to  the  genus  Swartna  than  docs 
the  plaift  (Spitloe,'No.  119^,  Brasil)  previously  investigated  by  Kdpff  and  described  as  S^  tUtirma, 
Benth. ;  the  latter  tohibits  'secretory  masses  enveloped  by  bracket-oells,'  as  in  certain  q>ecies  of 
Lotuhccarput  uA  Derris. 

3M2 
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have  not  been  recorded  ^  All  the  AustraUan  genera  of  the  Podalyrieae 
possess  ordinary  large  rhombohedral  crystals  or  henutropic  forms  of  such 
crystals,  which  are  often  rod-shaped  ;  the  crystals  of  this'type  are  occasionally 
accompanied  by  small  prismatic  or  acicular  crystals.  The  latter  are  the  only 
forms  of  crystals  present  in  the  genera  endemic  in  the  region  of  the  Cape 
{Cyclopia  and  Poaalyria)  and  in  those  inhabiting  the  northern  hemisphere 
{Anagyris^  PiptatMus,  Thermapsis  and  Baptisia).  Among  the  Genisteae 
ordinary  large  crystals  or  their  hemitropic  forms  occur  only  in  PkUytobium^ 
Bossiaea,  Tempielonia,  Hovea  and  Goodta^  while  small,  cubical,  prismatic  or 
acicular  crystals  are  found  in  Liparia,  Priestleya,  AmphUhalia^  Lathriogyne^ 
Codidium,  Borbania,  Lebeckia,  Vtborgia,  Aspalatkus^  Mdohbium^  CtoUiaria^  - 
PfiofikopiSy  LupinuSy  Argyrolobium,  Genista,  AfMrthropkyUum,  Aienocarpus^ 
Calycohme,  PeUena,  Spariium,  Ulex,  CyHsus,  and  Hypocalyptus.  Among 
the  Trif olieae  ParocAd^MS  is  the  only  genus  in  which  ordinary  solitary  crystals 
are  absent ;  toother  with  crystals  of  this  type  small  crystals  occur  in  the 
mesophyU  or  epidermis.  In  the  Tribe  Loteae,  ordinary  solitary  crystals  have 
likewise  been  aemonstrated  in  all  the  genera  with  the  exception  of  Hdmin- 
thocarpum ;  in  certain  species  of  Lotus  and  Dorycnium  these  crystals  attain 
a  specially  large  size  and  have  a  distinct  styloid-like  shape  ;  crystalline  grains 
have  also  been  observed  in  certain  species  of  Anthyllis^  Securigera,  Lotus  and 
Hosackia.  Lastly,  ordinary  large  solitary  crystals  have  been  recorded  also 
in  the  genera  of  the  Videae  in  species  of  Cicer,  Vicia  and  Lathyrus  small 
crystallme  bodies  are  found. 

Cells  filled  with  rod-shaped  crystals  (cf.  p.  266)  have  recently  been  observed 
in  the  palisade-tissue  in  the  foUowmg  species :  among  the  Podalyrieae,  in  ^>ecies 
of  Isotropis,  Daviesia,  Pultenaea,  Latrobea  and  Eutaxia ;  among  the  Geoisteae, 
apparently  (see  Schroeder)  in  species  of  Platylobium,  Bossiaea,  TempUtouia  and 
Hovea ;  among  the  Trifoheae,  ovly  in  Ononis  speciosa,  Lae.  and  a  few  species 
of  Trifolium ;  amons  the  Loteae,  in  species  of  AnthyUis,  Cytisopsis,  and  Lotus 
(L.  tnckocarpus,  LagO  ;  among  the  Vicieae,  in  species  of  Vicia  {V.  Gerardi,  VilL), 
Lathyrus  (L.  aureus,  Stev.),  and  Abrus  {A.  Schimperi,  Hochst) ;  among  the  Dal- 
bergieae,  also  in  Derris  eUiptica,  Benth.  (according  to  Quanjer). 

To  the  enumeration  (on  p.  266)  of  species  having  large  solitary  crystals 
in  the  epidermis  of  the  leaf  we  may  add  Abrus  precatorius,  L.  (Tribe  Vicieae)^ 
In  this  species  both  the  upper  and  lower  epidermis  contain  small  groups  of 
2-7  (mostly  ^  cells,  each  of  which  encloses  a  rod-shaped  crystal ;  the  latter 
is  embedded  m  the  thickened  inner  wall  of  the  epidermal  cell  with  its  longi- 
tudinal axis  parallel  to  the  surface  of  the  leaf. 

Of  special  features  it  remains  to  mention  :  (a)  sphaerocrystaUine  masses 
of  unknown  chemical  composition  which  have  been  observed  m  the  epidermis 
of  the  leaves  (for  the  most  part  in  herbarium  material)  in  species  of  the  genera 
Anagyris,  Piptanthus,  Thermopsis,  Cyclopia,  Podalyria,  Chorizema,  Pkyllota, 
PulUmaea,  Latrobea,  Eutaxia,  DUlwynia  (Podalyrieae),  and  of  the  c^enera 
Hovea,  Aspalathus,  Crotalaria  and  Argyrolobium  (Cienisteae) ;  (6)  small  bodies 
resembling  indigo  or  indican  have  been  found  in  the  mesophyll  of  the  dried 
leaves  in  species  of  MeMobium,  Crotalaria  and  Prioriiropis  (tribe  Genisteae), 
in  species  of  Hymenocarpus,  Hehninthocarpum,  Lotus  and  Hosackia  (Tribe 
Loteae),  and  in  species  of  Lens  and  Lathyrus  (Tribe  Vicieae) ;  (c)  lastly,  sub- 
stances resembline;  saponin  occur  as  shapeless  masses  in  the  epidermal  cells 
of  species  of  Aspaldthus  (Tribe  Genisteae). 


..  *  For  the  occurrence  of  sphfterites  and  dnstered  crystals  in  the  embryo  of  the  Papflionaoeae,  see 
Caldaioa,  in  Atti  Accad.  Gioenia  Sc.  nat.,  ser.  4,  vol*  xi,  1898  (abetr.  in  Just,  1898,  ii,  p.  aai); 
also  Lindinger,  Diss.,  1903,  p.  lo. 
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In  the  Tribes  recently  investigated  the  ordinary  type  of  dothiqg  hair 
is  again  in.  the  form,  of  uniseriate  txichomes^  consisting  of  three  cells,  viz. 
(a)  a  frequently  enlarged  epidermal  cell,  serving^  as  a  basal  ceD ;  (b)  a. short 
neck-  or  ■  stalk-cell,  which  is  occasionally  distinguished  by  having  .q)ecial 
contents  and  by  being  suberized ;  and  (c)  an  dongated  terminal  cell,  of 
variable  character.  The  terminal  cell  shows  either  uniform  or  unilateral 
thickening  or  is  provided  with  a  spiral  thickening  band,  which  mostly, 
however,  makes  only  one  or  two  turns ;  occasionally  the  terminal  cell  is 
band-shaped,  and  twisted,  while  in  Ahrus  it  bears  a  characteristic  awn-like 
process.  The  longitudinal  wall  of  the  end-ceU  frequently  bears  vermcose 
or  peg-shaped  irr^ularities,  sometimes  resembling  papillae,  e.g.  in  certain 
Pooalyneae  (species  of  Thermopsis  and  Baptisia)^  Genisteae  (species  of  Lupinus) 
and  Trifolieae  (species  of  Trigonella^  Medica^o^  MdUotus  and  Trifolium). 
The  terminal  cell  of  the  trichomes  found  in  Hosackia  puberula^  Benth.  and 
H.  sfyrigosa,  Nutt.  is  imevenly  thickened,  the  thicker  parts  of  the  wall  being 
provided  with  two  or  three  peg-like  protuberances,  which  project  into  the 
lumen  of  the  cell.  Socket-like  prominences,  formed  by  the  subsidiary  cdls  of 
the  hairs,  are  found  in  certain  Trifolieae  (species  of  Trifolium),  Loteae  (species 
of  Hymenocari>us^  Anthyttis,  Dorycnium^  Lotus  (especially  TetragonolobusYBnd 
Hosackia)  ana  Videae  (species  of  Cicer,  Vicia  and  Lathyrus). 

Deviations  from  the  ordinary  type  of  three-celled  dothing  hairs  have 
been  recorded  as  follows  :  (a)  among  the  Podalyrieae,  in  the  genera  Gompho* 
labium  and  Daviesia  ;  the  former  has  simple  thick-walled  trichomes,  divided 
either  by  a  single  thin  transverse  wall,  which  se^ents  the  hair  into  two  equal 
halves,  or  by  several  thin  transverse  walls  ;  Daviesia  has  unicellular  trichomes, 
which,  however,  show  transitions  to  the  papillae  present  on  the  epidermal 
ceUs ;  (b)  among  the  Genisteae,  in  Bosstaea  scolopendria^  Sm.,  which  has 
uniseriate  trichomes,  composed  of  4-5  relativdy  short  cells ;  (c)  among  the 
Trifolieae,  in  Ononis^  in  which  uniseriate  trichomes  are  of  general  occurrence ; 
they  are  mostly  formed  by  4-^8  cells  of  approximately  equal  length,  and  are 
generally  narrow  and  flagelUform,  more  rardy  conical ;  in  all  probability, 
however,  they  may  be  derived  from  the  glandular  hairs  which  are  found  m 
this  genus  (regardmg  this  point,  see  G.  Fischer),  these  hairs  having  long  uni- 
seriate stalks  ;  (d)  kustly,  among  the  Videae,  the  hairs  which  are  intercalated 
among  the  external  glands  in  the  extrafloral  nectaries  of  the  spedes  of  Vicia  ; 
these  hairs  consist  of  a  high  basal  cell  and  an  doneated  terminal  cell,  which 
has  rdativdy  thin  walls  and  is  occasionally  subdivided  by  a  transverse  wall. 

A  characteristic  type  of  tluree-celled  dothing  hairs  has  recently  been 
observed  in  the  form  of  trichomes  with  a  distinctly  two-armed  terminal  cell, 
the  arms  being  of  equal  or  unequal  length ;  these  occur  in  spedes  of  Oxylobiuniy 
Choriztmay  Mirbdiay  Jacksonia,  PuUmaea  and  Dillwynia  (Tribe  Podalyrieae), 
and  in  spedes  of  novea^  Loiononis^  Lebeckia^  Aspalathus^  Buchenroedera^ 
Cfotalaria  (rare).  Genista  (rare),  Calycotome,  Erinacea  and  CyHsus  (Tribe 
Goiisteae),  while  the  hairs  in  certain  spedes  of  PriesUeya^  Aspalathus  and 
Genista  (Tribe  Genisteae)  only  show  a  tendency  to  devdop  this  structure. 

External  glands  are  of  general  distribution  amonc;  the  Trifolieae  and 
Videae.  Among  the  Genisteae  they  are  found  only  in  Adenocarpus  and  Mela- 
lobium,  and  among  the  Loteae  only  in  Securigera^  while  they  are  completdy 
wanting  in  the  Podalyrieae.  The  glandular  hairs  occurring  in  the  genera 
Parocketusy  TrigoneUa,  Medicago,  Mdtlotus  pro  parte  and  TrifoUum  (Trifolieae) 
are  small  and  have  short  staUcs ;  as  a  rule  they  consist  of  (a)  a  small  basal 
cell,  (b)  a  short,  uni-  or  bicellular  stalk  which  is  more  or  less  demarcated,  and 
(c)  an  ellipsoidal  or  club-shaped  head,  which  is  elongated  to  a  varying  extent 
and  is  subdivided  by  horizontal  walls  and  often  by  v^tical  walls  as  well.  On 
the  other  hand  the  glandular  hairs  found  in  Ononis,  and  in  Medicago  lupuKnd,  L., 
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Af .  prostfolta^  Jacq.,  and  Af .  scuteUatUy  All.,  mostly  have  long  stalks  and  are 
visible  to  the  naked  eye ;  the  stalk  is  uniseriate,  the  component  cdls  showing 
a  gradual  decrease  in  bulk,  breadth  and  thickness  of  wall  towards  the  upper 
end*  while  the  multicellular  ellipsoidal  head  is  divided  by  longitudinal  and 
transverse  walls ;  the  hairs  of  this  type  are  accompanied  by  other  external 
glands  which  have  shorter  stalks,  but  otherwise  vary  in  structure.  Among 
the  Vicieae,  Cicer  has  glandular  hairs  which  are  visible  to  the  naked  eye ; 
these  trichomes  have  a  long  uniseriate  stalk  composed  of  4--6  cells,  and  a 
head,  which  in  most  cases  comprises  four  multicellular  tiers.  The  remaining 
Vicieae  only  have  small  external  glands  with  a  short  stalk  and  a  more  or  less 
sharplv  demarcated  head,  which  usually  consists  of  two  or  more  cells  and  is 
club-shaped;  only  in  rare  cases  is  the  head  elongated  and  tubular  (species 
of  Lathyrus  and  IPisum),  or  composed  of  four  ceus  and  peltate,  the  shield 
having  a  lobed  margin  and  showing  excentric  insertion  on  the  stalk  {Lathyrus 
hirsutus,  L.).  The  external  glands  found  in  the  genus  Adenocarfus  (Genisteae) 
are  confined  to  the  ovary  and  the  fruit ;  they  are  multicellular  glandular 
shaggy  hairs,  colunmar  in  shape  and  broadened  in  a  capitate  manner  at  their 
apex.  The  unicellular  glands  of  Mehlobium  (Tribe  Genisteae)  consist  of  a  short 
stalk  and  a  globular  head ;  the  base  of  these  hairs  is  inserted  either  directly 
in  the  epidermis  or  at  the  apex  of  a  conical  pedestal,  composed  of  parenchyma. 
The  multicellular  emergences  occurring  on  the  difiEerent  parts  of  the  axis  in 
the  monotypic  genus  Sectstigera  (Loteae)  are  recognizable  with  the  naked  eye  ; 
their  apex  bears  a  cell  containing  secretion. 

The  extrafloral  nectaries  found  in  the  species  of  Vida  are  formed  by 
shortly  stalked  glands  intermingled  with  anomalous  forms  of  clothing  hairs  ; 
they  occur  in  species  of  the  section  Euvicia  and  in  V.  biihynica,  L.  The  honey- 
secreting  organs  discovered  by  Delpino  (Malpighia,  iii,  1880,  p.  345)  on  the 
lower  side  of  the  leaves  in  Glycine  sinensis  have  not  yet  been  closely  examined. 

For  the  structure  of  the  spiny  rachis  of  the  leaf  of  Halimodendron  and  Cara- 
gana,  see  Mittmann  and  Lothelier  respectively ;  for  the  anatomy  of  the  stipular 
spines  of  RobtniOf  see  Mittmann.  'We  may  add  that  the  anatomy  of  the  spiny 
stems  of  Ononis  is  dealt  with  by  Mittmann,  that  of  the  stem-spines  of  Ulex  and 
Genista  by  Lothelier,  11.  cc. 

3.  Structure  of  the  Axis.  New  investigations  on  the  structure  of  the 
axis  have  been  published  especially  by  Prenger  and  Hiihner  (Podalyrieae  ^), 
by  Schroeder,  Cohn,  Winkler,  Levy,  H.  Schulze,  W.  Schulze  and  Rauth 
(Genisteae*),  and  by  Streicher  (Vicieae*),  11.  cc. 

The  general  features  presented  by  the  structure  of  the  wood  in  these 
Tribes  are  identical  with  those  which  have  been  previously  recorded.  To 
the  statements  made  on  pp.  272,  273  regarding  the  structure  of  the  vessels 
we  may  add  that  sieve-lilce  structure  of  the  bordered  pits  is  found  also  in 
species  of  Argyrolobium,  Hypocalyptus  and  Laburnum,  and  spiral  thickening 
of  the  pitted  vessels  also  in  species  of  AmphithaUa^  Anagyris,  Argyrolobium^ 
Coelidium,  Erinacea,  Laburnum,  Lathriogyne,  Lebeckia,  Liparia,  Lotononis^ 
PeUeria,  Plaiylobium  and  PriesUeya.  Another  noteworthy  feature  is  con- 
stituted by  the  broad  medullary  rays  of  the  wood  in  Leheckia  microphyUa, 

*  Species  of  Amngyris,  Piptanthus,  Thermopsis,  BapHsia,  Cyclopia,  Podalyria,  Bracfysema, 
OxybHumt  ChoHzema,  Mirbtlta,  GcstrolMum,  PuUenaea^  Latrobea,  EutaxiOj  Diihiyma. 

"  Spedet  oilAporia,  PriestUya,  AmphiihaUa,  Laihrwiym,  Coiiidium,  FUUyMimm,  B&ssiaea, 
TfnpUimia,  Htvea,  Goodia,  Barbonia,  Rafnia,  Euchiora,  Lotofumis,  Rothia,  Lebickia,  VOorgia, 
Crvtaiaria,  Prioritropis,  AspahthuSy  Bnchgnroedera,  MiloloHum,  DichiluSj  fftylandia^  Lupinusy 
Argyrolfilnumy  Gemsta,  Ademcarpus,  CalycotonUy  Latmrmm,  Petteria,  Spariium,  Erinacea,  Uhx, 
Bj^pocmiypHu,  Loddiguim. 

*  Species  of  Ciamsi  Abmu 
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£ckl.  et  Zeyh. ;  these  rays  arise  by  the  fusion  of  several  medullary  rays  in 
the  outer  part  of  the  secondary  wood.  \^        • 

To  the  last  paragraph  but  two  on  p.  274  we  may  add,  that  a  tier-like  structure 
of  the  wood  is  found  also  in  Pongaima  glabra^  Vent.  (Qiianjer) ;  to  p.  274,  last 
paragraph  but  one»  that  according  to  Saupe  the  wood  quite  generally  has  a  very 
loose  texture  in  the  Phaseoleae  (also  in  Stronfiylodony  according  to  my  own  observa- 
tion), the  ground-work  being  formed  by  thin-walled  wood-parenchyma  in  which 
groups  of  wood-fibres  are  inserted ;  this  structure  is  what  we  should  expect  in 
view  of  the  fact  that  the  members  of  this  Tribe  are  tianes. 

Regarding  the  development  of  the  cork  the  foQowing  new  facts  have  been 
published  (cf.  p.  276). 

Epidermal  development  of  the  cork  is  found  in  species  of  Oxylobium  (Tribe 
Podalyrieae),  Erinacea  and  Loddigesia  (Tribe  Genisteae),  Ahrus  (Tribe  Vicieae), 
and  accordmg  to  Oberlaender  also  Myroxylon.  The  cork  develops  in  the  first 
layer  of  primary  cortical  cells  in  species  of  Podalyria  and  Gastrolobium  (Tribe 
Podalviieae),  Li^aria^  PriesUeya,  Lathriogyne,  Coelidium^  Hovea,  Goodia,  LotananiSf 
CroUuaria^  Prioritrapis,  MeMohium^  Calycoiome,  Spartium  and  Hypocalyptiis  (Tribe 
Genisteae) ;  in  the  second  layer  of  the  primary  cortex  in  speaes  of  Th^rmopsis^ 
Diilwynia  and  Eutaxia  (Tribe  Podaljrrieae),  An^hithaUa  and  Buchenroedera  (Tribe 
Genisteae) ;  in  the  second  to  fourth  layer  in  species  of  Pultenaea  (Tribe  Podalyrieae), 
ArgyroUbium  and  Laburnum  (Tribe  Genisteae) ;  in  the  middle  of  the  primary 
cortex  in  species  of  Anagyris  and  Piptanthus  (Tribe  Podalyrieae) ;  in  a  regpLon  of 
the  primary  cortex  situated  near  the  pericycle  in  Cicer  (Tribe  Vicieae) ;  in  the 
innermost  layer  of  the  primary  cortex  in  Halimodendron  argenteum,  DC.  (according 
to  Jonsson).  Pericychc  cork-development  is  found  among  the  Genisteae,  also  in 
the  genera  Borbonta,  Lebeckia,  Viborgia^  Aspalathus,  Adenocarpus^  PetUfia  and 
UUz. 

For  the  development  of  the  cork  on  the  furrowed  stems  of  the  leafless  Papi- 
lionaceae,  see  the  respective  papers  by  Ross,  &c.,  which  have  already  been  cited 
in  the  earlier  part  of  this  work  ;  also  Levy  and  Roth,  loc.  dt.  At  this  point  we  may 
also  refer  to  the  development  of  a  mucilaginous  cork  in  Halimodendron  argenUumt 
DC,  on  the  basis  of  Jonsson's  description ;  the  cells  formed  by  the  phellogen 
become  rounded  ofi  and  filled  with  a  mucilaginous  substance,  which  results  in 
their  ultimate  detachment.  Lastly,  in  a  few  sjxecies  of  Oxylobium  (O.  arboresuns, 
R.Br.  and  O.  retusum^  R.Br.)  Damm  met  with  a  '  cuticular  epithelium '  (see 
under  Loranthaceae),  beneath  which  cork-formation  takes  place  in  later  stages^ 

For  the  structure  of  the  cortex  in  the  leafless  Podalyrieae  and  Genisteae 
and  the  anatomy  of  the  winged  stems,  see  also  the  papers  by  Burkle,  Schroeder, 
Rauth  and  Van  Tieghem  (1905). 

The  following  new  facts  (see  also  Pitard,  loc.  cit.)  regarding  the  nature 
of  the  pericycle  are  supplementary  to  those  previously  mentioned  (on  p.  278). 

The  following  genera  have  isolated  groups  of  bast-fibres :  among  the  Poda- 
l>[rieae,  Anagyris,  Piptanikus,  Thermopsis,  oaptisia.  Cyclopia,  Podalyria,  Oxylo- 
&um,  Chorizema,  Mtrbelia,  Gastrolobium,  Lairobea,  Eutaxta,  Diilwynia ;  among 
the  Genisteae,  AmphithaUa,  Laihriogyne,  Coelidium,  Templetonia,  Goodia,  Rafnia^ 
Euchlora,  Lotononis,  Roihia,  Lebeckia,  Viborgia,  Crotalaria,  Prioritropis,  AspalathUSt 
Buchenroedera,  Melolobium,  Dichilus,  Lupinus,  Argyrolobium,  Genista,  Adenocarpus, 
Cafycotome,  Laburnum,  Petteria,  Spartium,  Erinacea,  Ulex,  Hypocalyptus,  Loddi- 
gesia ;  among  the  Vicieae,  Cicer.  At  certain  points  between  the  groups  of  bast- 
fibres  groups  of  stone-ceUs  are  occasionally  found  ;  in  Bossiaea  microphylla,  Sm. 
the  isolated  groups  of  bast-fibres  become  secondarily  united  to  form  a  continuous 
strengthening  ring  owing  to  the  outermost  part  of  the  secondary  cortex  undergoing 
subsequent  sclerosis.  A  composite  and  continuous  ring  of  sclerench3rma  is  present 
in  the  pericycle  also  in  speaes  of  Brachysema  and  Pultenaea  (Tribe  Podalyrieae), 
Liparia,  Priestleya,  Plaiylobium  and  Hovea  (Tribe  Genisteae),  and  Abrus  (Tribe 
Vicieae) ;  an  almost  continuous  and  composite  ring  in  Borbonia  (Tribe  Genisteae). 

It  is  interesting  that  the  secondary  thickening  layer  (which  consists  of  cellulose), 
in  the  fibrous  cells  constituting  the  T-shaped  groups  of  bast-fibres  found  in  Genista 
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polygala$faiiat  DC  and  G.  radiata^  Scop.,  disappears  in  later  stages,  probably  as 
the  result  of  the  action  of  a  ferment  dissolving  cellulose ;  this  thickening-layer 
is  therefore  of  the  nature  of  reserve-ceUulose  (see  W.  Schuke  and  Rauth,  IL  cc). 

Astely  occurs  in  the  stem  of  Trifolium  (Belli).  Cortical  vascular  bundles 
are  founa  also  in  Barbonia  lanceoUUa^  L.  and  Vibargia  obcoriMa^  Thunb. 
(according  to  Cohn),  as  well  as  in  Genista  canariensis,  L.,  G.  prostata.  Lam., 
and  G.  sagiUalis,  L.  (according  to  Van  Tiejjhem),  but  by  no  means  in  all 
Papilionaceae  with  winged  stems  (see  Van  Tieghem,  loc.  at.,  1905). 

To  the  list  of  anomalous  structural  features  found  in  the  axis  (^.  279) 
we  may  add  the  occurrence  of  secondary  strands  of  wood  and  bast  in  the 
primary  cortex  of  Derris  uliginosa,  BenUi.  (Tribe  Dalbergieae),  according  to 
rerr£d&9  and  of  successive  rings  of  growth  in  Mucuna  giganUa^  DC,  and 
Strongylodon  sp.  (Tribe  Phaseoleae). 

The  secondary  strands  of  wood  and  bast  in  Derris  uliginosa  are  found  in  parts 
of  the  axis  which  are  about  i^  cm.  or  more  in  thickness.  They  are  present  to  the 
number  of  one  or  two,  and  occupy  a  pecuhar  position ;  a  band  of  sclerenchyma, 
containing  pericyclic  bast-fibres,  is  situated  on  tneir  inner  side,  while  on  their  outer 
side  there  is  another  sclerenchymatous  band,  which  forms  part  of  the  composite 
and  continuous  ring  of  sclerenchyma  in  the  pericyde  and  contains  no  bast-fibres. 
In  view  of  these  facts  it  seems  probable  that  the  secondary  strands  of  wood  and 
bast  are  developed  in  the  primary  cortex. — Pieces  of  the  stem  of  Mticuna  giganlea^ 
collected  by  Loner  in  the  Philippines  and  havinjg  a  diameter  of  4-5  cm.,  &ow  one 
or  two  more  or  less  completely  differentiated  rings  of  growth  ;  the  first  (normal) 
ring  of  wood  in  this  species  attains  a  thicknfiss  of  7-9  mm.  As  in  the  species 
examined  by  H.  Schenck,  the  secondary  zones  of  growth  originate  in  the  pencydic 
parenchyma.  Interxylary  phloem  has  not  been  met  with  in  Af .  gigantea^  although 
it  occurs  in  M.  pruriens  (see  H.  Schenck,  Anatomie  der  Lianen,  p.  164),  con- 
trary to  the  earlier  statement  on  p.  280. — ^The  anomalous  structure  observed  in 
Strongylodon  was  found  in  a  i)iece  of  the  stem,  2^  cm.  thick,  likewise  collected 
by  Loher  (Montalban,  Philippines) ;  an  analysis  of  the  flowers  present  on  the 
corresponding  herbarium-matmal  has  shown  tiiat  this  stem  belongs  to  the  genus 
Stroneyhdon,  The  normal  ring  of  wood  in  this  case  attains  a  thicJhmeas  of  4  mm. ; 
it  is  foUowed  by  two  concentric  rings  of  growth,  and  occasionally  the  rudiments 
of  a  third  ring  are  present.  It  may  be  specially  pointed  out  that  the  secondary 
rings  of  wood  and  oast  here  apparently  arise  in  the  bast  of  the  zone  of  bundles 
situated  immediately^  internal  to  the  one  in  process  of  development.  Regarding 
the  artificial  production  (by  means  of  wounds)  of  extrafasdcular  vascular  bundles 
in  Phaseolus,  see  Schilberszky,  loc.  cit. 


IL    Caesalpinieae  (pp.  281-291). 

1.  Review  of  the  Anatomical  Features.  Schizogenous  secretory 
cavities  occur  also  in  DanieUa^  Detarium,  Kingiodendron^  Oxystigma  and  Hari" 
ivicMa,schizQgenous  interxylary  secretory  canals  also  in  Daniella^Kingiodendron, 
Oxystigma  and  Prioria.  Spicular  fibres  are  present  in  the  leaf  also  in  Oxy- 
[stigma  Mannii,  Harms.  Uniseriate  clothing  hairs  with  an  elongated  terminal 
cell  are  found  in  ScorodopUoeus  Zenkeri^  Harms. 

2.  Structure  of  the  Leaf.  In  the  species  which  I  have  recently  investi- 
gated the  epidermal  cells  of  the  leaf  exhibit  the  following  characters.  Undulated 
lateral  margins  with  marginal  pits  and  the  occurrence  of  thin  vertical  walls 
are  distinctive  of  the  species  of  Copaifera  pro  parte,  Kingiodendron,  Oxystigma 
and  Priaria.  Development  of  papillae  on  both  sides  of  the  leaf  is  found  in  Hard' 
.wickia  binaia,  Roxb.,  while  in  Detarium  senegalensef  Gmel.  and  Scorodophloeus 
Zenkeri,  Harms,  the  lower  side  of  the  leaf  bears  papillae.  The  speaes  last 
named  also  has  gelatinized  epidermal  cells,  stomata  with  subsidiary  cells  plac^ 
parallel  to  the  pore,  and  uniseriate  clothing  hairs  with  a  few  short  basal  cells 
and  an  elongated  terminal  cell. 
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The  following  details  may  be  mentioned  regarding  the  secretory  organs  of 
Daniella,  Detarium,  Hat^dwickia,  KingiotUndron,  OxysHfma  and  Prioria,  In  Daniella 
tkurifsra^  Benn.  and  D,  obhnga,  Oliv.,  according  to  Gmgnard,  there  are  more  or  less 
elongated  secretory  cavities  (but  not  canals,  as  Heckel  assumes)  situated  in  the 

ftiiioary  cortex,  and  secretory  canals,  which  are  found  at  the  periphery  of  the  pith 
although  belonging  to  the  wcod),  and  also  in  the  secondary  wood.  SimiiarlyPnoria 
copaifera,  Griseb.,  which  I  have  examined,  possesses  (a)  secretOTy  cavities  situated  in 
the  primary  cortex  and  more  or  less  elongated  in  the  vertical  direction,  {b)  numerous 
secretory  canals  in  the  secondary  wood,  and  (c)  secretory  organs  of  the  nature  of 
canab  lyinf  at  the  periphery  of  tlie  pith  and  in  its  interior  ;  those  situated  at  the 
maxpn  of  tne  pith  may  oe  regarded  as  belonging  to  the  wood,  while  those  occupying 
the  interior  of  the  pith  are  at  least  in  part  merely  secretory  cavities,  which  are  very 
much  elongated.  According  to  my  own  investigation,  Hardwickia  binaia,  Roxb. 
has  secretory  cavities  only  (situated  in  the  primary  cortex  and  sometimes  also  in 
the  pith  and  the  parenchymatous  pericyde),  interxylary  secretory  canals  being 
absent;  Kingiodendron  pinnatum^  Harms  has  secretcnry  cavities,  which  are  only 
slightly  elongated  and  are  situated  in  the  primary  cortex,  and  interxylary  secretory 
canals  with  rather  wide  lumina;  in  Oxy stigma  Manniiy  Harms  there  are  (a)  secretory 
cavities  of  varying  length  in  the  primary  cortex,  (b)  interxylary  secretory  canals,  and 
(f)  intercellular  secretory  receptacles  of  the  nature  of  canals,  which  are  found  at  the 
margin  of  the  pith  and  occasionally  penetrate  into  the  wood.  In  Detarium  senegalense, 
Gmel.  there  are  secretory  cavities  in  the  primary  cortex  and  in  the  pith,  but  ukewise 
no  interxylary  canals.  The  interxylary  secretory  canals  are  developed  from  the 
cambium,  like  those  of  Copaifera  ;  their  origin  is  schizogenous.  In  aU  these  genera 
secretory  cavities  are  found  also  in  the  mesophyll.~For  the  secretory  canaJs,  cavi- 
ties and  cells  of  Eperua  falcata^  see  Courchet,  loc  cit. 

The  occurrence  of  an  ethereal  oil  containing  sulphur  in  the  cortex  of  ScorodO' 
phioeus  Zenkeri^  Harms,  which  smells  of  garlic,  is  interesting  from  a  systematic- 
chemical  point  of  view,  since  an  oil  of  this  kmd  has  not  previously  been  demonstrated 
in  any  member  of  the  Leguminosae.  The  oil  is  present  in  the  cortical  parendiyma 
in  the  combined  form  as  a  glucoside,  and  is  accompanied  by  a  ferment,  by  the 
action  of  which  the  oil  is  liberated  in  the  presence  of  water.  The  cells  containing 
the  ferment  are  of  relatively  large  size,  and  their  contents  assume  a  deep  coloration 
with  Iodine  dissolved  in  Potassium  Iodide  (Hartwich). 

R^^ding  the  occurrence  of  concentric  vascular  bundles  in  the  petiole 
of  Cercis  SUiquastrum,  see  Bouygues,  loc.  cit. 

3.  Structube  of  the  Axis.  For  the  structure  of  the  stem-spines  of 
GUdUschiUy  see  Mittmann,  loc.  dt.^ 


III.    Mdioseae  (pp.  291-299). 

2.  Structure  of  the  Leaf.  For  the  stomatal  apparatus  in  the  phsrllo- 
dineous  Acacias,  see  Porsch,  loc.  cit. ;  for  the  structure  of  the  stipular  spines 
of  the  spedes  of  Acacia^  see  Mittmann  and  Lothelier,  11.  cc. 

3.  Structure  of  the  Axis.  Sieve-like  pits  are  found  on  the  walls  of  the 
vessels  also  in  Albizzia  Lebbek^  Benth.  (Ursprung). 

Literature  (Leguminosae,  see  p.  300):  Hohnel,  Gerberinden,  Berlin,  1880,  pp.  139  and  141 
et  seq. — [Stowell,  Jamaica  Dogwood,  Therapeutic  Gaz.,  N.  S.,  ii,  1881,  p.  16;  see  Just,  1881,  ii, 

fe693.]— Costantin,  Tiges  a^r.  et  sent.,  Ann.  sc.  nat.,  ser.  6,  t.  xvi,  1883,  p.  51  et  seq.— Darwin, 
com  and  distribntion  of  the  stomata,  Joum.  Linn.  Soc.,  zxii,  1887,  especially  p.  115* — Mittmann, 
Anat  d.  Piianzenstachelo,  Verh.  Ver.  Mark  Brandenburg,  1889,  pp.  40,  50,  56,  57,  59  and  6a — 
Johannson,  Wenig  bek.  Rinden,  Diss.,  Dorpat,  1891,  pp.  17  and  34  {Pierocarfms  and  ErythriMa).-^ 
Anfiecht,  ExtraHorale  Nektarien,  Diss.,  Ziirich,  1892,  p.  34  et  seq.  {Acacia  ltfAa9$ika).^li»rhtt, 
Corky  excresc,  Ann.  of  bot,  vi,  1893,  pp.  160  and  i65.~HilIer-Bombien«  (;«^^^mw-Rinden, 
Diss.,  Dorpat,  1802,  p.  15  et  8eq.->Schilbeiszky,  Kunstlich  hervorger.  Bild.  sek.  Gefassb.,  Ber. 
dentsch.  bot.  Gesellsch.,  1892,  pp.  424-32  and  Tab.  xxii.->Lothelier,  Kpines,  Thte,  Paris,  1893, 

^  Ursprung*s  statement  as  to  the  occurrence  of  bordered  pits  on  the  wood-piosenchyma  in 
Afulia  bijuga^  Gray  requires  Tcrification. 
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pp.  II,  15,  a8  and  51. — RadUcofer,  Stnict.  anooL  de  U  tifie  d'nne  L^.  vom.  dc»  BmMmm^  Coiaplis 
rendns  Soc,  Helv.  B&Ie,  1893, p.  loa — Bnmdt,  Wenigbek.  Rinden,  Dis&,Doip«t,  18^  p.  43  efc  aeq. 
— ^Latonr,  Sent^,  These,  MoDtpeUkr,  1894,  pp.  18  and  45  et  leq. — Oberlander,  ToluUiain.  Archhr 
d.  Phann.,  233,  1894,  pp.  5S^- — [Tognini,  Stomi,  Atti  1st.  hot.  Pavia.  1894.I — [Geoffioy,  Robimm 
NUou^'Kxoi,  Intt.  col.  Manetlle,  iii,  1895,  p.  i  et  seq.]— Lutz,  Gommoie  dans  les  Acacias,  Bull.  Soc 
bot.  de  France,  1895,  pp.  467-71. --£Belli,  Endodennale  periddo  nel  Gen.  TVifoHum,  etc.,  Mem. 
Accad.  Sc.  Torino,  ser.  s,  v.  46,  1896!  p.  353.] — Knoblandi,  OekoW.  Anat.  etc.,  Habilitat.-Sclir., 
Tubingen,  1896,  p.  15  et  seq. — Werner,  Neue  Drogen,  Diss.,  &]angen,  1896,  p.  36  et  seq. 
{EmcArgsfa), — [Schneider,  Senna,  Americ  Druggist,  1897,  n.  7.] — Schabert,  Parendiymscheidcn, 
Bot.  OntialbL,  1897,  iy,  pp.  i3--i6. — Schwendener,  GelenkpoUter  Ton  Mimosa  ^udica^  SitB.-Ber. 
Berliner  Akad.,  1897,  xiv.>-{Zancla,  Acalei,  Contribnz.  Ist.  f>ot.  Palermo,  ii,  1807,  p.  i  et  seq.]— 
Biennann,  Olsellen,  Diss.,  Bern,  1898,  pp.  61,  6a. — Geiger,  Jaborandiblatter,  Diss.,  Ziiricfa,  1898, 
pp.  47,  48  (.S^Bidtf^xia).— Schwendener,  Gelenkpolster  von  Phastolmsy  etc,  Sitz.-Ber.  Berliner  Akad., 
1898,  3di.--Selle,  Fabae  Impigen  n.  Wnrzel  von  Derris  illiftica^  Diss.,  Erlangen,  wtthont  date, 
received  1898-99,  p.  19  et  seq.---Spanjer,  Wasserapparate,  Bot.  Zeit.,  1898,  i,  p.  59.->Boereesen  og 
Paulsen,  Veget.  dansk.-vestind.  Oer,  Bot  Tidsskriit,  xxii,  1808-9,  PP*  9  {Conavalta  oUusifma^  DC.) 
and  lOiCLeuctuma  ^auca^  Benth.  and  Acacia  tortu^a,  Willd.). — [Dnessen-Mareuw,  Cortex  Lokri, 
Nederl.  Tijdschr.  voor  Pharm.,  1899;  abstr.  in  Just,  1900,  ii,  p.  15.] — Fnchs,  Cytisus  Adami,  OsL 
bot.  Zdtschr.,  1899,  P*  74!  "'^  Sitz.-Ber.  Wiener  Akad.,  cvii,  Abt.  i,  1899,  pp.  1373-03  and 
3  Tab.— [Greenish,  Sama-leavcs,  Pharm.  Joum.  1899  *  ^bstr.  in  Just,  1900,  ii,  p.  33.] — Hixsch, 
Entwicklong  d.  Haare,  Diss.,  Berlin,  1899,  p.  37.— [Hna-Henri,  Feuilles  des  Cesalpinito-Cyno- 
m^tr^  BidL  Soc.  Linn.  Paris,  n.  s.,  n.  7,  1899,  pp.  55,  56.] — ^Kohne,  Papillen  n.  obers.  Spaltdflh., 
Ber.  dentsch.  dendrolog.  Gesellsch.,  1899,  p.  51  et  sea. — Leisering,  Interxy lares  Leptom,  Din., 
Berlin,  1899,  p.  35.— Nestler,  Wasserausscheidung,  etc.  (Phasiolm),  Sitz.-Ber.  Wiener  Akad.,  cviii, 
Abt.  I,  1899,  p.  690  et  seq.  and  Tab.— Nestler,  Sekrettropfen  an  den  Lanbbl.  von  Pkastaims,  etc., 
Ber.  dentsch.  bot.  Gesellsch.,  1899,  p.  33^  et  sea.-«Perrot,  Tissu  cribl^,  Thihe,  Paris,  1899,  p.  121.— 
Pierre,  Flore  forest  de  la  CocUnchine,  xxv,  1899  {Coraya), — Job.  Schmidt,  Lathyrus  maritimus^ 
Bot.  Tidsskriit,  xxii,  1898-9,  pp.  145-68. — ^Terradano,  Note  anat.  biol.  snir  Atsckynometu  mdica^ 
Contribnz.  Ist  bot.  Palermo,  ii,  1899,  PP*  >95  ^^'^  ^47  ^^  seq. — Hiepe,  Senna,  Diss.,  Bern,  1900, 
pp.  18-55  ^<^  l9^i,  iv,  V. — ^Pantaneui,  Pnlvini  motori  di  Robinia  Psntdacacia^  Atti  Soc  natural,  e 
mat.  Modena,  ser.  iv,  vol.  ii,  1900,  p.  181  et  seq.— Thomas,  FenUles  sout,  Th^,  Paris,  190a — 
Urspmn^,  Anat.  u.  Jahresringlnld.  trop.  Holzarten,  Diss.,  Basel,  1900,  pp.  13-18  (species  oi  Afielia 
and  AlbtMsia). — Biirkle,  Innere  Stmktur  d.  Bl.  u.  and.  Assimilationsorg.  bei  einigen  austral,  roda- 
lyrieen,  Diss.,  Erlangen,  1901,  91  pp.  (also  in  FUn&tuck,  Beitr.).— Cohn,  Verel.  Untersnch.  von 
Blatt  u.  Axe  emiger  Genisteen-Gatt.,  Diss.,  Erlangen,  1901 ;  also  Beih.  z.  bot  Centralbl.,  x,  I90iy 
pp.  535-61. — [Driessen-Mareuw,  Radix  Lawno  {MilUttia)^  Ned.  Tijdschr.  voor  Pharm.  etc,  1901 ; 
abstr.  in  Just,  1901,  ii,  p.  3 1.]— [Greenish,  Cassia  mcntana,  Pharm.  Jouro.,  1901,  p.  694;  abstr.  in 
Just,  1 901,  ii,  p.  39.] — ^Haberlandt,  Sinnesorgane,  1901,  pp.  79  and  136  et  seq. — Hill,  Anatomy  of 
the  stem  of  Dalbergia  pamculata^  Annals  of  Bot.,  looi,  pp.  I83--6. — Hohlke,  in  Beih.  z.  bot. 
Centralbl.,  xi,  1901,  p.  41. — HUhner,  Blatt- u.  Axenstmktur  einiger  anstral. Podalyiieen-Gatt,  Diss., 
Erlangen,  ipoi ;  also  Beih.  z.  bot.  Centralbl.,  xi,  1901,  pp.  143-317,  with  Tab.— Laubert,  Cytisus 
Adami,  Bein.  z.  bot.  Centralbl.,  x,  1901,  p.  144  et  seq. — Ledonx,  Anat.  comp.  des  org.  foL  chez  les 
Acacias,  Comptes  rendus,  Paris,  cxxxii,  1901,  Sem.  i,  pp.  733-5.— Levy,  Blatt-  u.  Axenstmktur  der 
Genisteen-Gatt.  Aspalathus  u.  einiger  verwandter  Genera,  Diss.,  Erlangen,  1901  ;  also  Beih.  z.  bot. 
Centralbl.,  x,  1901,  pp.  3 1 3-66.— Peirties,  Bark  of  Robinia  Pseudacacia^  in  Wellcome  Research 
Laborat  London,  1901,  11  pp.,  4  pi. — Petersen,  Vedanatomi,  1901,  pp.  65-8.— Pitard,  P^ricycle, 
These,  Bordeaux,  1901,  pp.  57-60  and  100, 101. — ^Prenger,  Syst-anat  Untersnch.  von  Blatt  n.  Axe 
bei  den  Podalyrieen-Gatt.  der  nordl.  Hemisphiire  u.  des  Kapgebietes,  sowie  den  vier  austraL  Gatt 
BtacAynma^  etc,  Piss.,  Erlangen,  1901,  in  pp. — Rauth,  Vergl.  Anat  einiger  Genisteen-Gatt, 
Diss.,  Erlangen,  1901,  58  pp.— Hugo  Schulze,  Vergl.  Anat  d.  Gatt.  Lupinus  and  Argyrolobium^ 
Diss.,  Erlangen,  1901,  44  pp. — W.  Schulze,  Vezgl.  Anat.  d.  Genisteen-Gatt.  GemsUty  Adenocarpm 
and  Calycotome^  Diss.,  Erlangen,  1901,  59  pp. — Winkler,  Vergl.  Anat.  d.  Gatt.  Crotalaria  und 
Prioriiropis^  Diss.,  Erlangen,  1901,  81  pp. — Bargagli-Petrucd,  Legnami,  Malpighia,  1903,  p.  303 
et  seq.  {Abauriay  Afulia,  Dialium^  Koompassia,  Pithecohbiumy  Pongamia,  Sindara). — Bonj^es, 
Form.  vase,  anorm.  du  petiole,  Th^,  Paris,  1903,  p.  57.— Clauditz,  Blattanat.  canar.  Gew.,  Diss., 
Basel,  1903,  pp.  53-5  {Adenocarfus  and  SpartocyHsus)^,^l>9XDXSiy  Mehij.  Epid.  b.  d.  Diootyl., 
Beih.  z.  bot.  Centralbl.,  xi,  1903,  especially  pp.  339,  340.— G.  Fischer,  Vergl.  Anat.  d.  BL  bei  den 
Trifolieen,  Diss.,  Erlangen,  1903,  90  pp. — Guignard,  Daniellia  et  leur  appareil  s^cr^teur,  Jonxn.  de 
hot.,  xvi,  loos,  pp.  60-97 ;  see  also  tomptes  rendus,  Paris,  cxxxiv,  Sem.  i,  1903,  pp.  885-7. — 
Hartwich,  Bubimbirinae,  Apothekeizeitung,  Berlin,  1903,  n.  40,  pp.  339,  340.— Hecka,  Damellia^ 
Comptes  rendus,  Paris,  cxxxiv,  loos,  pp.  784-6.— Jonsson,  Wiistenpfl.,  Acta  Lund.,  zxxviii,  ioo>* 
PP*  38-38  and  Tab.  iv  and  v.— Knothe,  Unbenetzb.  Bl.,  Diss.,  Heidelberg,  1903,  p.  19.— Perred^ 
Ajiat  of  the  stem  oi  Derris  uliginasay  in  Wellcome  Research  Laborat.,  London,  1903,  sep.  copy, 

^  The  statement  as  to  the  occurrence  of  unicellular  clothmg  hairs  in  Adenocarpus  is  incorrect 
(cf.  Syst.  Anat,  p.  a68,  footnote  3) ;  the  same  is  probably  true  of  the  sUtement  that  glandular  hairs 
occur  in  Sfar/aytisus  nubigtttm.  The  peltate  hiurs  recorded  in  Spartocytisus  are  no  doubt  really 
two-armed  hairs.  * 
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10  pp.,  9  pi. — W.  Schmidt*  Blatt-  v.  Sunenstniktiir  bd  den  LoteCDi  DIm,,-  £rlangaii,  190a ;  also 
Beih.  z.  hot.  CcntnlbL,  zii,  1903,  pp.  424-82. — Schroeder,  Anat  Untcnach.  d.  BL  a.  d.  Axe  bel 
den  Lipftrieie  u.  Bossiaeae,  Diss.,  Erlangen,  1902;  also  Beih.  z.  bot  Centralbl.,  xi,  1902,  pp^  368- 
417.— Solereder,  Anat.  Chaiaktere  d.  Bl.  bd  den  Podalyrieen  a.  Genistecn,  Beih.  s.  bot  CentialbL, 
xii,  1903,  pp.  275^8.— Solereder,  Lebeckia  t  retamaides^  Boll,  de  THerbier  Boissier,  ser.  2,  looa, 


Retama^  Gemsta,  AnihyUis),Y-\¥\x^ajwaa,  Stem-stnictnre  of  some  leafless  plants,  Transact  and 
Proceed.  New  Zetland  Instit,  1903,  p.  360  et  seq.  (Cormi^AM/fa).]— Qnanjer,  Anat.  Bomr,  etc., 
NattturicVerhandeL,  Haarlem,  v,  1903  {PoitgamiagUibra,  Dtrris  elliptical  Sofahispida), — [Ramaler, 
Pnbesoence  of  species  of  AsMigafus^  Toneya,  iii,  1903,  pp.  38-^ ;  abstr.  in  Bot.  CentndbL,  xciii, 
p.  399.}--rRippa,  Nettarii  estranoz.  della  Pcindana,  Gill.,  Boll.  Oito  bot.  Napoli,  i,  1903,  pp. 
431-3.] --Schoate,  Stelaitheorie,  1903,  p.  121. — ^Theorin,  Vaxttrichom.,  Arkiy  tor  Bot.  i,  1903, 
p.  163. — ^Tnzson,  SpinU.  Stmktor  d.  Zellw.  in  den  Markrtr.,  Ber.  dentKh.  bot  Gesellsch.,  1903, 
p.  276.— Chrysler,  Strand  plants,  Bot.  Gaz.,  xzxTii,  1904  (Za/^ritf).— Col,  Faisceanz,  Ann.  sc. 
nat,  s^.  8,  t  zx,  1904,  pp.  112-15.— Heckel  ^  Cordemoy,  Double  appareil  s^cr^teor,  Comptes 
lendns,  Puis,  cxxxriu,  1904,  Sem.  i,  pp.  57-0 ;  see  also  [Ann.  Inst,  colon.  Marseille,  s^r.  2,  t  ii, 
1904,  p.  71  et  sea. ;  abstr.  in  Bot.  Centralbl.,  xdx,  p.  287]. — Siissenguth,  Behaanmgsverh.  der 
Wurzb.  MaschelkaUEpfl.,  Diss.,  Wiiizbnrg,  1904,  pp.  25-7. — Urspmne,  in  Bot.  Zeit,  1904,  pp.  203 
and  208. — Areschong,  Trop.  vaxt  bladbyggn.,  Sv.  Vet.  Akad.  Hand!.,  39,  n.  2,  1905,  pp.  44,  45 
and  Tab.  xxii  {Adenttmihera),  pp.  49,  50  (fiynimetra),  pp.  54-6  and  Tab.  xxiii  {D€rris\  p.  62  and 
Tab.  zxiii-xxiy  {Brovmea),  pp.  oi^7i  {Ccfaifsra),  p.  74  {Desmanthus),  pp.  101 -3  {Inocarpus), 
pp.  125,  126  (^oai^fiffVj).— [Conrchet,  Eperua  f alexia,  Ann.  Inst.  col.  Marseille,  xiii,  1905,  pp. 
121-47;  abstr.  in  Bot  Centralbl.,  di,  p.  434.]— Dnval,  Jaborandis,  1905,  in  Perrot,  Tnvaux,  iii, 
1906,  pp.  64-70. — Gnignard,  Cordyla  africatta,  Jonm.  de  bot,  1905,  pp.  109-24. — [Pabisch, 
Fischgimnirz.,  Zdtschr.  dstendch.  Apothekerver.,  1905,  pp.  975,  976;  abstr.  in  Bot.  Centealbl.,  d, 
p.  239.] — ^Porsch,  Spaltbffiiangsapparat,  Jena,  1905,  pp.  44,  100-17  >^  "^^b*  iii* — Sarton,  Rech. 
exp.  sar  I'anat.  des  pi.  afBnes,  Ann.  sc.  nat,  s^r.  9,  t  ii,  1905,  pp.  44-53  {LtUhyrus), — ^Theorin, 
Vazttrichom.,  Arkiv  for  Bot.,  iii,  n.  s,  1904,  p.  28,  and  iv,  n.  18,  1905,  p.  12. — Vadas,  Robinienholz, 
in  Tnbenf,  Zettschr.,  1905,  pp.  303-8. — ^Van  Tieghem,  M^ristMes  corticales,  Ann.  sc.  nat.,  s^r.  9, 
t  i,  1905,  p.  38. — Van  Tieghem,  StMe  ail^  de  la  tige  des  qv.  L^gmnin.,  Joun.  de  bot,  i^}* 
pp.  185-97. — ^Weberbaner,  Veget  d.  Hochanden  Perns,  in  Engler,  Bot  Jahrb.,  zxxrii,  1905,  p.  60 
et  seq. — Danphin^,  Rhizomes,  Ann.  sc.  nat,  ser.  9,  t  iii,  1906,  p.  327  et  seq. — Kanngiener,  ^»i^r/fWf// 
sceparium,  in  Tnbenf,  Zeitschr.,  1906,  p.  276  et  seq. — [Mentz,  ^imir/a-Typen,  Bot  Tidsskrift,  xxvii, 
2,  1906,  pp.  153-201 ;  abstr.  in  Bot.  Centralbl.,  ci,  p.  428.J — ^Nevenny,  Trigonella  coerulea^  Ber. 
natnrw.-mra.  Ver.  Innsbnick,  xxix,  1903-5,  Innsbnick,  1906,  p.  130  et  seq. — [Rosenthaler,  Rinde 
▼on  PUhecolobium  Hgeminum,  Zeitschr.  osterreich.  Apotli.-Ver.,  1906,  pp.  147,  148.] — TStockard, 
Nectar  glands  of  Vicia  Faba^  Saence,  xxiii,  1906,  pp.  204, 205.] — Picdoli,  Legnami,  Bull.  Siena,  1906, 
pp.  130, 145,  157-9, 162,  171-3,  176, 179,  180. — [For  additional  Ittentnre,  see  p.  11 70.} 


ROSACEAE  (pp.  301-310). 

2.  Structure  of  the  Leaf.  Among  numerous  investigated  species  of 
Rosa  papillose  differentiation  of  the  lower  epidermis  has  been  found  only  in 
R.  rugosa,  Thunb.  (Parmentier) ;  gelatinization  of  the  inner  walls  of  the 
epidermal  cells  is  recorded  by  the  same  authority  in  many  species  of  Rosa 
and  by  Knoblauch  in  species  of  CUffortia.  In  Acaena  adscenaens,  Vahl  papillae 
are  dmerentiated  both  on  the  upper  and  lower  epidermis  (Clauditz) ;  accord- 
ing to  Kdhne,  the  lower  epidermis  is  papiUose  also  in  Amdanchier  rotundifolia^ 
Dum.-Cours.,  Cotoneaster  mymifolia,  Wsdl.,  Prunus  Padus,  L.,  Pyrus  amyj^dali- 
fonniSj  ViU.,  Sorbus  sambucifolia,  Roem.,  Spiraea  alpina.  Pall.,  5.  beUa^  Sims., 
5.  bracteaia,  Zab.,  S.  canescens,  Don,  5.  expansa.  Wall.,  and  5.  trisHs^  Zob. 
Hj^Hxlerm  is  present  also  in  Pygeum  Wightianum ;  Photinia  Notoniana^  on 
the  other  hand,  only  has  an  epidermis  composed  of  very  large  cells  (Holter- 
mann).  In  Rosa  the  stomata  are  confined  to  the  lower  side  of  the  leaf  (except 
in  R.  berberifoliay  Pall.),  and  develop  according  to  the  Ranunculaceous  type. 
In  Acaena  adscendens  the  stomata  are  likewise  surrounded  by  ordinary  epi- 
dermal cells. 

Oxalate  of  lime.  In  Rosa  Parmentier  met  with  sphaerites  side  by  side 
with  clustered  and  solitary  crystals,  and  Bargagli-Petrucci  found  silica-bodies 
in  the  wood-parenchyma  of  Parasiemon  urophyllus,  DC. 
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To  the  statements  regarding  the  hairy  covering  we  may  add : — Structures 
resembling  stellate  hairs  and  external  glands  with  a  head  composed  of  numerous 
cells  occur  in  Spiraea  sarbifolia^  L.  (Theorin).  Small  external  glands  with 
a  uniseriate  stalk  and  a  head  composed  of  one  or  two  cells  are  found  also  in 
Geum  and  PoUntilla  (Brautigam).  Cliff ortia  arbarea^  Marloth  has  Malpighian 
hairs  (Marloth),  while  C.  fakata,  L.  only  has  ordinary  unicellular  hairs.  Extra- 
floral  nectaries  are  present  in  the  genus  Griffonia,  a  member  of  the  Chryso- 
balaneae  (Mattei). 

The  petiole  in  many  species  of  AlchemiUa  contains  three  c(»icentric  vas- 
cular bundles,  each  provided  with  a  pith  and  surrounded  by  a  typical  endodermis 
{*  faisceaux  concentriques  vrais ').  The  petiole  of  Sanguisarba  canadensis 
includes  8--0  isolated  bundles,  one  of  which  has  the  same  structure  as  those 
of  AkkemiUa,  while  the  remaining  bundles  are  hemiconcentric  ('faisceaux 
h6niconcentriques '),  i.e.  each  of  them  consists  of  an  arc  of  wood  and  bast, 
which  is  likewise  surroimded  by  a  typical  endodermis  (Bouygues). 

For  the  structure  of  the  integumental  prickles  of  Rosa  and  Rubtts^  see  Mittmann 
and  Lothelier,  11.  cc. ;  these  authorities  also  discuss  the  anatomy  of  the  spiny 
branches  of  Crataegus^  Cydonia^  Pytus,  Pyracantha  and  Pyuwas  ;  regarding  the 
integumental  prickles  of  Rosa^  see  also  Duchartre,  loc.  cit. 

3.  Structure  of  the  Axis.  The  cork  develops  in  the  pericyde  also  in 
MargyrocarpiiSf  Cliffortia  and  PolylepiSj  which  belong  to  the  Poterieae 
(Bouygues). 

Burgerstein's  recent  investigations  on  the  structure  of  the  wood  in  the 
Pomeae  (see  the  note  on  p.  300)  and  in  numerous  species  of  Prunus  have 
furnished  the  following  facts.  Among  the  Pomeae  distinct  spiral  thickening 
of  the  walls  of  the  vessels  is  found  in  Amelanchier^  Aronta,  Chaenomeles^ 
Cotoneaster,  Cydonia^  Erioboiryay  Mespilus^  Micrameles^  Photinia^  Rhaphiolepis^ 
and  Sorbus,  while  the  spiral  thickening  is  not  well  marked  in  Hesperomeles^ 
Osteomeles  and  Peraphyttum,  and  is  wanting  in  Chamaemeles,  Craiaegus,  Malus^ 
PyruSf  Pyracantha,  and  Stranvaesia.  The  wood  in  all  the  Pomeae  contains 
scattered  vessels,  and  in  the  course  of  each  annual  ring  the  latter  showed 
a  gradual  decrease  in  size.  The  medullary  rays  vary  from  one  to  three  (mostly 
one  or  two)  cells  in  breadth  ;  only  in  Mespilus  are  they  from  one  to  five  cells 
broad.  The  cells  of  the  medullary  rays  are  rather  low  in  Chaenomeles,  Cydonia^ 
Mespilus  and  Micromeles,  and  relatively  high  in  CoUmeasier^  Eriobotryaj 
Hesperomeles,  Photinia  and  Sorbus,  With  reference  to  the  structure  of  the 
wood  in  Prunus^  we  may  mention  that  in  all  the  investigated  species  the  vessels 
show  a  spiral  thickening  band,  and  that  they  are  either  scattered  or  arranged  in 
annular  zones  ;  in  the  latter  case  the  zone  of  vessels  belonging  to  the  spring- 
wood  appears  as  a  rather  sharply  marked  ring  of  relatively  large  pores. 

Regarding  the  structiu'e  of  the  cortex  we  may  add  that  f^tard  records 
a  pericycle,  comprising  isolated  groups  of  bast-fibres  with  intervening  un- 
lignifiea  bands  of  parenchyma  of  varying  width,  in  species  of  Amelanchier, 
CotoneasieTy  Crataegus^  Eriobotrya,  Kageneckia^  Lindleya^  Osteomeles^  Photinia^ 
Prinsepia,  Prunus  (sensu  latiore),  Pygeum,  Pyrus  (sensu  latiore),  QuiUaja^ 
Rhaphiolepis^  Rosa,  Stranvaesia,  Stylobasium  and  Vauquelinia.  According  to 
the  same  authority  pericydic  sclerenchyma  is  completely  absent  in  Canotia 
holacanika  and  Pterostemon  mexicanus. 

Literature :  Costantin,  Tiges  a6r.  et  sout.,  Ado.  sc  nat.,  8^r.  6,  t.  xvi,  1883,  p.  59  et  seq. — 
Buchenan,  Anncfaeid.  einer  kiyst.  org.  SSivae  im  Holzkorpcr  e.  Ebercsche,  Festscbr.  Ver.  f.  Natnrk., 
Kassel,  1886,  pp.  37-9.— Macchiati,  Nettarii  estiaflor.  delle  Amygd.,  Nuovo  Giom.  bot.  Ital.,  1886 
pp.  30S-7--— Nanke,  Dikotyle  Holzpfl.,  Diss.,  Konigsbeig,  1886,  p.  40.~Kdler,  Laftwwz.,  Diss.. 
Heidelbog,  1889,  pp.  36,  37.— Mittmann,  Pflansenstacbeln,  Verb.  Ver.  Mark  Brandenburg.  1889, 
^1  and  67  et  seq. — ^Barbo-,  Corky  excresc.,  Ann.  of  Bot.,  vi,  180a,  p.  165. — ^Dnchartre,  Aignillons 
osa  siHceaj  Revue  g6i.  de  bot. ,  1893,  pp.  5-1 1 .— Lothelier,  Epines,  Th^,  Paris,  1 89$,  pp.  1 7, 36 
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and  38*— Orth,  Aaatomie  d.  Gatt.  Pottntilla,  Diss.,  Kid,  1893,  33  Dp.^Togntni,  Stomi,  A.tti  1st. 
bot.  Pitnm,  1894.] — [Bastiiiy  Chenv  barks,  Americ.  Jonm.  Pharm.,  1^5,  pp.  435  and  595  et  seq.]— 
rBnigentein,  Gatt.  d.  Pomaceen,  Wiener  lUnstr.  Gartenaeit.,  1896.]— Knoblaach,  Okolog.  Anat.  etc., 
HabiUtat.-Schr.,  TUbingen,  1896,  p.  z  i  et  seq.>-[Pannentier,  Esp^ces  crit.  on  lit.,  M^m.  Soc  d'toula- 
tioD  Donba,  1896,  p.  337  et  seq.  {Crataegns):\ — Briintigam,  Anat.  Charaktere  der  Rosaoeen-Baitatde, 
Diss.,  £rlansen>  1897,  56  pp.,  3  Tab.-*Panaentier,  Rech.  anat.  et  taxon.  sur  lea  Rosien,  Ann.  sc 
nat.,  8^.  8,  t  vi,  1807,  pp.  1-175,  8  pi. ;  [see  also  Comptes  rendns,  Congres  des  Soc.  sav.,  1898, 
p.  3S0.1— Sdinbert,  Paiendiymscbeiden,  Bot  Ccntralbl.,  1897,  iii,  p.  476. — Banting,  Cork  tissue  in 
loots  of  some  Rosaceous  geneia,  Contribnt  Bot.  Lab.  of  PennsylYania,  ii,  1898,  pp.  54-65,  pi.  x. — 
Bmgerstein,  Holzstniktnr  d.  Pomaceen,  Sitz.-Ber.  Wiener  Akad.,  evil,  Abt.  i,  1898,  pp.  8-aa ;  and 
X^otomiach-syst.  Stndien  iiber  d.  Gatt.  d.  Pomaoeen,  Jahresbeiicht  Staatsgymnas.  ii,  bedzk  Wien, 
i^,  35  pp.— <!ri£pin,  L'anatomie  appliqa^  k  la  classificat.,  Bnll.  roy.  de  boL  de  Belgiqne,  xxxvii, 
1898,  pp.  7-15 ;  and  Idte  d*mi  anatomiste,  etc.,  loc.  cit,  pp.  151-301. — Gnffroy,  Sorbui  et  hybrides, 
BnlL  Soc.  bot.  de  Fnmoe,  1898,  p.  341.— [ICayeriyana,  Discoid  nectary  of  Jap.  cherry  leaves,  Bot 
Magaz.  Tokyo,  xii,  1898,  pp.  281-4 ;  and  Disc-shaped  glands  in  the  leaves  of  Prunus  PstudocerasuSf 
loc.  cit,xiii,  1890,  pp.  316-18.] — Spanjer,  Wasaerappaiate,  Bot.  iZeit.,  1898,  i,  p.  55.— Boerg^sen  og 
Paulsen,  Veget.  dansk.-vestind.  Oer,  Bot.  Tidsskr.,  xxii,  1898-9,  pp.  so,  ai  (jChrys^ialanus  IcacOfl^). 
— Bnigerstein,  Xylotomie  d.  Pnmeen,  Verb.  k.  k.  zoolog.-bot  Gesellsch.  Wien,  1899,  aep.  copy, 
5  pp. — Kohne,  Papillen  n.  obeis.  Spaltoffn.,  MitteiL  dentsch.  dendrolog.  Gesellsch.,  1899,  pp.  56, 57. 
— Maochiati,  Nettarii  estranuz.  del  Prunm  LaurveerasuSf  BalL  Soc.  bot  Ital.,  18^9,  pp.  144-7. — 
Bonygnes,  Anat  comp.  de  la  tige  et  da  p^iole  des  Rabies  et  Ros^  Act  Soc.  Lum.  de  Boraeanx, 
It,  1900,  pp.  xxxii-xl;  Id.,  Polyst^lie  dn  genre  AlcA^miUa, loc.  cit,  pp.  Iviii-lix ;  Id.,  Tige  et  p^iole 
da  Neuriia  procumbins,  loc  at,  pp.  lix,  Ix ;  Id.,  P^ridenne  de  qn.  Pot^ri^,  loc.  dt.,  pp.  xcvi-c ; 
Id.,  Polyst^Iie  part,  de  Sanguuarla  canadensis^  loc.  cit,  pp.  cxlvH-czlix. — ^Paulesco,  Struct,  anat. 
des  hybrides,  Ijiiae,  Geneve,  1900,  pp.  38  and  64  {Rosa^  Sorbus), — ^Bonygnes,  Polystelie,  Act  Soc. 
Linn.  Bordeaux,  Ivi,  1901,  pp.  xzxv-xl. — Petenen,  Vedanatomi,  1901,  pp.  58-64^ — ^Pitard,  P^ricycle, 
These,  Bordeaux,  1901,  pp.  65,  66,  68,  97-ioa — ^Bargagli-Petrucci,  Concrez.  silicee,  Malpighia, 
190a,  p.  36  et  seq. ;  and  Legnami,  loc.  dt.,  p.  300  {Parastemon), — Bouygues,  Petiole,  Thte,  Paris, 
190a,  pp.  55  et  sea.  and  90. — Clauditz,  Blattanat  canar.  Gew.,  Diss.,  Basel,  1902,  pp.  46,  47 
Prunus)* — Knothe,  (Jnbenetzb.  Bl.,  Diss.,  Hddelberg,  190a,  pp.  17-1^— Mardner,Phanerog.Vmtat 
d.  Keiguelen,  Diss.,  Baad,  190a,  pp.  aa-5  (Acaena), — [Mattd  et  Rippa,  Nettarii  estranuz.  di  idcune 
Crisobalanee,  Bull.  Oito  bot  Univ.  Napoli,  i,  190a,  pp.  386-91 ;  abstr.  in  Bot  CentralbL,  xcv. 
p.  580.V- [Annariy  Piante  della  reg.  medit,  Annali  di  Bot.,  i,  1903,  p.  17  et  seq.  {Poterium),'] — 
Fiddenfddt,  Anat.  Ban  d.  Wurzel,  Bibl.  bot.,  Heft  61, 1904,  pp.  55, 56.--oilssenguth,  Behaarunesverh. 
der  Wiirzbw  Mnschelkalkpfl.,  Diss.,  Wurzbuxg,  1904,  pp.  37-33. — Theotin,  Vaxttrichom,  Arkiv  for 
Bot,  iii,  n.  5,  1904,  p.  16. — W>berbaner,  Vegetat  d.  Hochanden  Perns,  in  Engler,  Bot  Jahrb., 
xxxvii,  ij^5t  P*  60  et  seq. — Marloth,  Cliffortiay  in  Engler,  Bot  Jahrb.,  xxxix,  1006,  p.  319.— Hccioli, 
Legnami,  Bull.  Siena,  1906,  pp.  ia7, 130, 157, 163-5. — ^Holtermann,  Einfloss  des  ]uima8,etc.,  1907, 
p.  119  {I^geum,  PMatim'a), — {For  additional  literature,  see  p.  117a.) 

CROSSOSOMATACEAE. 

Two  features  are  important  for  the  diagnosis  of  the  Order  and  in  support 
of  the  view  of  a  Rosaceous  affinity,  viz.  the  presence  of  typical  bordered  pits 
on  the  wood-prosenchsona,  and  the  occurrence  of  scakoiform  perforations 
(with  few  bars)  or  of  malformed  perforations  of  the  same  type  in  the  neigh- 
bourhood of  the  primary  wood,  side  by  side  with  the  simple  elliptical  perfora- 
tions found  in  the  secondary  wood.  The  stomata  are  surrounded  by  several 
ordinary  epidermal  cells.  Trichomes,  oxalate  of  lime,  and  internal  glands  are 
absent. 

The  structure  of  the  leaf  has  been  examined  in  Crossosoma  Bigelovii, 
Wats.  (Parish,  n.  10,  Colorado)  and  C.  californicum^  Nutt.  (Franceschi,  n.  41, 
Guadalupe)  ^  The  leaves  in  both  species  show  centric  structure.  Palisade 
tissue  is  foimd  on  both  sides  of  the  leaf,  and  stomata  are  present  in  both  upper 
and  lower  epidermis.  The  outer  walls  of  the  ei>idermal  cells  are  strongly 
thickened.  In  C.  califarnicum  the  epidermis  contains  sphaero-crystals,  which 
are  insoluble  in  alcohol,  but  soluble  in  (Caustic  Potash  and  Eau  de  Javelle. 
Peculiar  small  bodies  of  a  dark  colour  are  frequently  found  in  the  palisade 
tissue  in  both  species  ;  their  nature  is  not  known.  The  larger  veins  are  accom- 
panied by  a  little  sclerenchyma  only  in  C.  Bigdovii. 

The  structure  of  the  axis  could  only  be  investigated  in  C.  Bigdovii^. 

^  I  am  indebted  to  Geheimrat  £ngler  for  the  materials  for  this  investigation. 


9IO  ADDENDA— CROSSOSOMATACEAE 

Regarding  the  wood  we  may  add  that :  (a)  the  vesseb  have  very  small  lumina ; 
(b)  the  wood-fibres  have  thick  walls  and  narrow  Imnina ;  (c)  the  medullary 
rays  are  narrow,  consisting  of  a  single  row  of  cells  ;  and  (d)  the  walls  of  the 
vessels  bear  bordered  pits  m  contact  with  parenchyma  of  the  medullary  rays. 
The  pericycle  contains  isolated  bast-fibres.  The  cork  is  for  the  most  part 
composed  of  cells  with  thin  walk,  but  also  includes  uniformly  sclerosed  cells. 

LiteiAtiire:  Engler,  CroisoAomataceae,  in  Nattirl.  PflsDzenfiun.,  Naohtr.  sn  ii-iv.  Teil«  1897, 
p.  185. 


SAXIFRAGACEAE  (pp.  310-320). 

2  A.  Structure  of  the  Leaf.  For  the  water-pores,  see  also  Gardiner, 
loc.  cit. 

To  the  previous  remarks  on  the  hairy  covering,  we  may  add  that  fimbriate 
appendages,  similar  to  those  present  on  the  staminodes,  are  found  on  the  folia^^e- 
leaveSy  as  well  as  on  the  sepals  and  petals  in  Parnassia  ;  they  occur  in  varying 
numbers  in  the  different  species.  Both  the  epidermis  and  the  subjacent  kiyer 
of  cells  participate  in  the  formation  of  these  structures,  which  do  not  show 
any  sign  of  swelling  at  their  ends,  although  they  secrete  mucilage  in  early 
stages  (Dutailly)^ 

The  petiole  of  Saxifraga  sarmentosa  resembles  that  of  AlchemiUa  in  con- 
taining three  steles,  each  of  which  is  surrounded  by  a  t3a>ical  endodermis ; 
5.  crassifolia  shows  similar  features.  Other  species  of  Saxifraga^  such  as 
5.  dcfUata,  5.  hirsuta  and  5.  lasiophyUa,  have  at  least  one  hemiconcentric 
vascular  bimdle,  enveloped  by  an  endodermis  (Bouygues). 

3  A.  Structure  of  the  Axis.  According  to  Schoute  and  Jeffrey 
respectively,  polystely  is  found  in  the  nodes  of  the  stem  in  Parnassia  palustris\ 

3  B.  Structure  of  the  Axis.  The  pith  in  Ribes  rubrum,  R.  Grossidaria, 
&c.f  contains  peculiar  cavities ;  in  early  stages  their  place  is  occupied  by 
relatively  large  thin-walled  cells  containing  clustered  crystals,  and  the  aevelop- 
ment  of  the  cavities  is  mainly  due  to  the  collapse  of  these  crystal-cells  (Kassner). 
In  Roussea  simplex  the  primary  cortex  includes  a  ring  of  stone-cells  bordering 
directly  on  the  endodermis.  in  Brexia  chrysophylla  the  pericycle  comprises 
a  composite  and  continuous  ring  of  sclerenchyma,  while  in  oUier  speaes  of 
Brexia  the  ring  is  interrupted  (Thouvenin  and  Fitard). 

For  the  structure  of  the  spinous  organs  found  in  the  species  of  Ribes,  see 
Lothelier  and  Mittmann. 

D.    The  Anomalous  Genus  Penthorum  (Appendix  to  p.  319). 

The  following  statements  regarding  the  anatomy  of  Penthorum  ar^  based 
on  Van  Tieghem's  and  my  own  observations.  The  vegetative  and  specially 
the  reproductive  branches  bear  glandular  shaggy  hairs  with  a  multiseriate 
stalk,  merging  apically  into  a  more  or  less  distinct  secretory  head.  The  inner 
portion  of  the  primary  cortex  contains  large  intercellular  spaces.  Small  groups 
of  bast-fibres  are  found  in  the  pericycle,  but  there  is  no  secondary  hard  bast. 
The  wood  is  traversed  by  narrow  medullary  rays,  which  are  one  or  two  rows 
of  cells  in  breadth.  The  vessels  of  the  secondary  wood  have  small  lumina, 
and  are  provided  with  small  bordered  pits  (also  in  contact  with  parenchyma 
of  the.  meduUary  rays)  and  scalariform  perforations  (with  numerous  or  very 
numerous  bars).     The  wood-fibres,  though  thick-wsdled,  have  rather  wide 


'  For  details  r^aiding  the  structure  of  the  leaf,  stem,  and  root  in  AirwaxTM,  see  Van  Tieghem, 
loc  cit.        !i.   ••      -   . .    .  
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lumina  and  bear  small  but  distinct  bordered  pits.  The  cells  of  the  pith  have 
cellulose-walls,  which  subsequently  become  li^fied,  especially  at.  the  margin 
of  the  pith.  Oxalate  of  lime  is  present  in  the  form  of  clustered  crystals,  which 
occur  in  the  pith  and  primary  cortex,  as  well  as  in  the  mesophyll.  The  petiole 
contains  an  arc-shaped  vascular  bundle.  The  leaf  is  bifaaal,  the  stomata 
being  confined  to  the  lower  side.  According  to  Van  Tieghem,  the  vascular 
system  of  the  root  is  pentarch,  the  groups  of  soft  bast  being  supported  by 
bundles  of  fibres '. 

Litenttire:  Uhlworm,  EntwicklnngBgesch.  der  Trichome,  Bot.  Zeit.,  1873,  p.  Sao. — [Gulliver, 
Rhaphides  m  Hydran^ta^  Jomn.  R.  Microsc.  Soc  London  and  Edinburgh,  iii,  1880,  p.  44;  abftr. 
in  Jost,  1880,  ii,  p.  149.] — Hohnd,  Gerberinden,  Berlin,  1880,  p.  xo8  et  seq.  {tVnHmanma), — 
Gardiner,  Water-glands  in  the  leaf  of  Saxifraga  crustaia^  Quart.  Joam.  Microscop.  Sd.,  zxi,  N.  S., 
1881,  pp.  407-14,  pL  zziii— Costantio,  Tiges  a^r.  et  sont.,  Ann.  sc  nat,  s^r.  6,  t  xvi,  1883,  p.  77 
et  seq. — ^Kraner,  Mark,  Diss.,  Basel,  1884,  p.  i6.-~Mittmann,  Pflanzenstacheln,  Verb.  Ver.  Mark 
Biandenbaig,  1889,  p.  65. — ^Thonvenin,  Appareil  de  sontien  dans  les  tiges  des  Saxifrages,  Ball.  Soc 
bot.  de  France,  1889,  pp.  135-33. — C-  ^^  Candolle,  Inflor.  epiphylles,  M^m.  So&  de  phys.et  d'hist. 
nat.  Geneve,  1890,  vol  snppL,  sep.  copy,  p.  la  et  seq. — ^J.  £.  Weiss,  Korkbild.,  Deakschr.  bot. 
Gesdlsch.  Regensbiug,  Ti,  1890,  pp.  61,  6a. — Lothelier,  Epines,  Thte,  Paris,  1893,  p.  37. — 
Boeigesen,  Arkt.  pi.  Uadbygn.,  Bot.  Tidsskr.,  ziz,  1895,  p.  219  et  seq.^JiaUier,  in  Natunrktindig 
Tiidscfar.  voor  Nederl.  Indie,  1896,  p.  310  et  seq.— Van  Tiegbem,  Pcnthore,  Jonin.  de  bot.,  1808, 


Tijdscfar.  voor  Nederl.  Indie,  1896,  p.  310  et  seq.— Van  Tiegbem,  Pcnthore,  Jonin.  de  bot.,  1898, 
pp.  150-4;  and  Ann.  sc.  nat.,  s^.  8,  t  ix,  1899,  pp.  371-3. — Van  Tiegbem,  Paznassiac^  Jonm.  de 
bot,.  1899,  pp.  326-33. — Bonygues,  Mdrist  vase,  dans  le  p^iole.  Act.  Soc.  Linn.  Bordeaux,  Ivi, 
1901,  p.  Ivii— Dtitailly,  PamassiOt  Assoc,  firanf.  Ajaocio,  190Z  :  i,  1901,  p.  .ia6,  and  ii,  190a,  pp. 
457"7*« — ^Peteraen,  Vedanatomi,  190 1,  pp.  56,  57. — Pitard,  P^ricycle,  Thiae,  Bordeaux,  1901,  p.  70. 
— ^Bonygnes,  Petiole,  Tb^  Paris,  1903,  pp.  13,  17,  66,  97  and  107. — Gerhard,  Blattanat.  v.  Gew. 
d.  Knysnawaldes,  Diss.,  Basel,  190a,  pp.  ao,  21  {Platylophus). — Schoute,  Stelartheorie,  1903,  p.  lao. 
— Col,  Faisceaux,  Ann.  sc.  nat.,  s^  8,  t  xx,  1904,  p.  116. — Freidenfddt,  Anat.  Ban  der  Wnrzel, 
BibL  bot..  Heft  61,  1904,  ro.  56-61. — Theorin,  Vaxttrichom.,  Arkiv  for  Bot.,  iii,  n.  5,  1904^  p.  3. — 
Afescbong,  Trop.  vaxt  bladbyggn.,  Sv.  Vet  Akad.  Handl.,  39,  n.  a,  1905,  pp.  154-6  {BrexitC), — 
HaydE,  Sax^raga  I,  Denkschr.  Wiener  Akad.,  Ixxvii,  1905,  pp.  6i6-a3  and  Tab.  i— Mahen  et 
Gillot,  Asddies  des  Saxifrages,  Jonm.  de  bot.,  1905,  p.  33  et  seq. — PlccioU,  Legnami,  Bull.  Siena, 
1906,  pp.  130  and  156. — [For  additional  literature,  see  p.  1 1 73.] 


CRASSULACEAE  (pp.  320-324). 

1.  Review  of  the  Anatx^mical  Features.  Both  clothing  and  glandular 
hairs  of  the  shaggy  type  occnr  in  this  Order. 

2.  Structure  of  the  Leaf.  Brenner  records  a  two-layered  epidermis 
in  Crassula  partulacea  and  a  typical  psmillose  epidermis  in  Seaum  HiUebrandii, 
Fenzl,  while  according  to  L.  Koch  Sedum  dasyphyUum  only  has  isolated 
papillae ;  Brenner  states  that  in  Crassula  poriulacea  distinct  papillae  are  only 
develops  when  the  plant  is  placed  in  a  moist  chamber.  According  to  Mardner, 
the  stomata  in  Tillaea  moschaiay  DC.  have  three  typical  subsidiary  cells  (con- 
trary  to  what  is  found  in  T.  muscosa)  and  are  situated  principally  on  the  upper 
side  of  the  leaf.    Water-pores,  moreover,  also  occur  m  this  species. 

With  regard  to  the  differentiation  of  the  mesophyll,  it  may  be  poitated 
out  that  in  certain  species  of  Sedum  and  Sempervivum  the  assimilatory  cells 
exhibit  a  stratified  arrangement,  while  the  intercellular  spaces  are  lined  by 
a  membrane,  which  we  must  regard  as  the  metamorphosed  outermost  layer 
of  the  cell-wall. 

The  clothing  and  glandular  shaggy  hairs  mentioned  above  are  found  in 
Sempervivum  arachnoideum  and  have  a  biseriate  structure.  The  glandtilar  hairs 
are  short  and  sUghtly  swollen  at  the  apex.  The  clothing  hairs  constitute  the 
cobweb-like  covering  on  the  leaves  and  are  much  longer ;   the  two  rows  of 

*  Van  Tieghem*s  statement  (U.  cc.)  that  tnch  bandies  of  fibres  have  as  yet  been  obserad  only 
in  the  aerial  roots  of  parasitic  Loianthaoeae  and  not  in  terrestrial  roots  is  incorrect. .  The  phloem- 
gronps  in  the  tetrarch  vascular  system  of  the  root  of  Vicia  faba  are  likewise  supported  by  hai4  hast 
Csee  fciy,  WandUfel,  Ivi,  18S4).   •  
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cells  of  which  they  are  composed  are  not  absolutely  parallel,  but  are  slightly 
tMOsted.  The  lower  part  of  the  body  of  the  trichome  in  both  kinds  of  hairs 
consists  of  long  cells,  while  the  cells  of  the  upper  part  are  shorter.  In  the 
course  of  their  development  the  clothing  hairs  pass  through  all  the  stages 
shown  by  the  glandular  shaggy  hairs ;  in  a  certain  stage  they  even  secrete 
ethereal  oil,  which  functions  as  a  glue  joining  together  the  neighbouring  hairs  ; 
subsequently,  as  a  result  of  extremely  rapid  growth  in  len^^,  the  bodies  of 
the  hairs  become  intertwined  with  one  another  and  in  this  way  the  dense 
hairy  felt  present  on  the  rosette  of  leaves  is  ultimately  formed  (Dintzel). 

Literatiire:  Corda,  in  Sternberg,  Flora  der  Vorwdt,  1838,  Anhuig,  p.  Ixii  and  Tab.  A. — 
[Henri,  Knon)en,  etc.,  Verb.  Ver.  t  Rbeinlande  a.  WestiiUcn,  1850,  p.  45 ;  and  WaneUuem  von 
Sedum  Telipkium,  etc.,  loc  dt,  i860.] — ^Iimifch,  Sedum  maximum,  Bot.  Zeit.,  1855,  p.  249  et  seq. 
and  Tab.  a  a. — Scbwendener,  Median.  Prindp^  1874,  p.  148. — [Gardiner,  in  Qoart.  Joom.  Microec. 
Sd.,  1881,  p.  407  et  seq.] — Costantin,  Tigcs  a^r.  et  aont.,  Ann.  k.  nat,  s6:.  0,  t.  vn,  18R85,  p.  79 
et  seq.— Jost,  ZerklOft.  einiger  Rbiz.  n.  Won.,  Bot  Zeit.,  1890,  p.  503  et  seq.  (Sedum). -^yUttKoad^ 
Placdie  sngherose,  Nnovo  Uioni.  bot.  Ital.,  1807,  p.  336  et  seq. — Schubert,  Faienchymscheiden,  Bot. 
Centialbl.  1897,  iii,  p.  475.— -Rodler,  Assimilator.  Gewebesyst,  Diss.,  Frdbnig  i.  Schw.,  1898-9, 
p.  38^— Brenner,  Fettpflanzen,  Flora,  1900,  pp.  389-98.— Schleichcrt,  Xerophyten  bei  Jena,  Natorwiss. 
wochenscbr.,  1900,  p.  450  (Sidum). — Clanaitz,  Blattinat  canar.  Gew.,  Diss.,  Basel,  1903,  pp.  41, 4a 
(Sem^ervivum), — Knothe,  Unbenetzb.  Bl.,  Diss.,  Heidelberg,  1903,  p.  ao.— Maxdner,  Phan.-Vegciat. 
d.  Ker]gnelen,  Diss.,  Basel,  190a,  pp.  26,  37  (  71fZ&Ma).— [Armari,  Piante  della  reg.  medit.,  Annali  di 
Bot,  i,  IQ03,  p.  17  et  seq.  (Mum)^ — Dintzel,  Haare  a.  d.  Blattsp.  von  Sem/ervwum  arackfwideumy 
Osteneicn.  bot.  Zeltschr.,  1905,  p.  354  et  seq.  and  Tab.  v,  Ti 


DROSERACEAE  (pp.  324-328). 

The  tentacular  glands  of  Roridula  Gorgonias^  Planch.,  which  have  recently 
been  examined  by  Fenner,  are  of  different  lengths ;  they  have  a  multiseriate 
stalk,  which  exhibits  corresponding  variation  in  length,  and  an  dUipsoidal 
head,  in  which  the  inner  part  is  formed  by  a  group  of  approximatdy  isodia- 
metric  cells,  constituting  a  continuation  of  the  cdls  of  the  stalk,  while  the 
secretory  epidermis  is  differentiated  like  a  palisade ;  tracheids  are  wanting 
alike  in  the  stalk  and  in  the  head.  The  middle  layer  in  the  digestive  glands 
of  Aldrovanda  consists  of  two  rather  high  cells,  which  form  a  stalk  ;  the  number 
of  central  and  i)eripheral  cells  in  the  glandular  disc  is  occasionally  greater 
than  4  and  8  (viz.  5--8,  and  9-14).  Pores  are  present  in  the  cuticle  on  the 
secretory  heads  of  DrosophyUum  and  Drosera  roiundifolia  (Haberlandt  and 
Fenner).  The  genus  Byhlisj  which  up  to  the  present  has  been  included  among 
the  Droseraceae,  but  which  has  been  transferred,  and  no  doubt  rightly  so,  to 
the  Lentibularieae  by  Lang,  has  digestive  glands,  which  differ  considerably 
from  those  of  other  Droseraceae ;  according  to  Lang,  their  structure  is  analo- 

fous  to  that  of  the  glands  occurring  in  the  genus  Pinguicula  (Lentibularieae). 
toth  sessile  and  long-stalked  glands  are  foimd  in  Byblis.  The  simplest  type 
of  the  former  consists  of  three  cells,  viz.  a  basal,  a  median,  and  a  termini 
cell ;  in  many  cases,  however,  the  terminal  cell  undergoes  division  into  quad- 
rants followed  by  the  appearance  of  four  anticlinal  waUs,  so  that  a  disc-shaped 
glandular  body  is  devdoped,  which  for  the  most  part  consists  of  ei^ht  cells  ; 
the  basal  cell  at  the  same  time  divides  into  two  ceUs.  In  the  formation  of  the 
lonR-stalked  glands  the  basal  cell  divides  into  two  cells  by  means  of  a  transverse 
wall,  and  the  upper  of  these  cells  grows^out  into  a  long  unicellular  stalk,  while 
the  (lower)  sister-cell  undergoes  further  division ;  the  terminal  ceU  becomes 
segmented  to  form  a  glandiuar  disc,  composed  of  16  or  32  cells.  The  cutide 
of  the  glandular  disc,  both  in  the  short-  and  long-stalked  glands,  bears  a 
pore  on  the  upper  and  lower  side  of  each  cell.  A  feattire  deserving  spedal 
mention  is  that  the  glands  on  the  leaf  of  Byblis  are  assodated  with  the  stomata 
to  form  paralld  longitudinal  rows  which  are  sunk  bdow  the  surface  and  alternate 
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with  one  to  three  rows  of  cells,  containing  neither  stomata  nor  glands.  For 
further  details  regarding  the  glands,  see  the  papers  by  Lang  and  Fenner,  11.  cc. 
Regarding  the  tentacular  glands  of  Drosera  we  may  add  that  the  epidermal 
cells  of  the  head  are  provided  with  marginal  pits  which  are  occupied  by  proto* 
plasmic  processes  ;  these  constitute  the  perceptive  organs  for  the  mechanical 
stimuli,  to  which  the  movements  of  the  tentacular  glands  are  due  (Haberlandt). 

The  two-  and  four-armed  glands  of  Aldrovanda,  which  were  discussed 
under  the  heading  of  *  other  types  of  hairs/  have  two  basal  cells  and  a  stalk, 
consisting  of  a  single  layer  of  two  to  four  cells  (Fenner).  For  details  as  to  the 
structure  of  the  sensitive  bristles  of  Atdrovanda  and  Dunuua^  see  especially 
Haberlandt,  loc.  cit. 

Although  the  stomata  of  the  Droseraceae  were  previously  stated  not  to 
have  any  subsidiary  cells  (p.  326),  it  has  since  been  shown  that  in  the  genus 
ByUis^  which  Bentham  and  Hooker  place  among  the  Droseraceae,  the  pair 
of  guard-cells  has  a  single  subsidiary  cell  on  each  side  of  the  stoma  and 
parallel  to  the  pore  (Lang). 

As  regards  the  detailed  anatomical  features  of  the  leaf  of  Drosophyllum  we 
may  add  tnat  the  mesophyll  is  composed  of  spongy  parenchyma  with  large  lacunae  ; 
the  cells  of  this  tissue  contain  numerous  acicular  crystals,  which  are  soluUe  in 
a  solution  of  chloral  hydrate,  as  weU  as  a  few  large  crystab  of  oxalate  of  lime 
(A.  Meyer  and  Dew^vre). — ^According  to  Lang,  the  epidermal  cells  in  the  leaf  of 
Byblis  are  elongated  in  the  direction  of  elongation  of  the  leaf.  The  subsidiary 
cells  of  the  stomata  have  already  been  referred  to  above.  The  epidermis  is  f ollowea 
by  a  sheath  of  two  or  three  layers  of  cells  which  show  a  slight  palisade-like  dif- 
ferentiation ;  on  the  inner  side  of  this  zone  lies  a  starch-sheath,  and  within  this 
again  a  medulla  consisting  of  cells  with  wide  lumina  and  enclosing  3-5  collateral 
vascular  bundles  ;  the  phfoeni-groups  in  these  bundles  are  surrounded  on  aU  sides 
by  a  sclerench3rmatous  sheath.  The  swollen  apex  of  the  leaf  of  Byblis  contains 
only  a  single  vascular  bundle,  which  is  apparently  concentric  (with  central  phloem), 
and  is  enveloped  by  a  tissue  serving  for  the  storage  of  water ;  the  walls  of  this 
tissue  bear  pits  having  a  faint  border  or  exhibit  spiral  to  reticulate  striation ; 
on  its  outer  side  lies  a  starch-sheath,  foUowed  by  two  or  three  layers  of  rounded 
assimilatory  cells.  The  tip  of  the  leaf  bears  a  few  elevated  water-pores,  but  there 
is  no  epithema  on  their  inner  side  (Lang). — The  foUowing  details  regarding  the 
structure  of  the  leaves  of  Roridula^  the  upper  surface  of  which  is  furrowed,  are 
tesed  on  Feimer's  statements.  The  mesophyll  is  composed  of  loose  spongy  tissue, 
the  lower  portion  containing  large  lacunae.  The  vascular  bundles  of  tne  veins 
are  supported  by  groups  of  sclerenchyma.  The  stomata  are  confined  to  the  lower 
side  ot  the  leaf. 

The  vessels  in  Byblis  have  simple  perforations  (Lang).  Astely  is  found 
only  in  the  peduncle  of  Byblis  (Lang). 

The  structure  of  the  root  of  Byblis  is  normal,  the  vascular  system  being 
triarch. 

Literature :  Groenland,  Org.  gland,  du  genre  Drosera,  Ann.  ic.  nat,  s^r,  jl  t.  iii,  1855,  pp.  397- 
303,  and  pi.  9.~Tr^cnl,  GL  p^ic.  du  Drosera  rotundifolia,  Ann.  ac  nat.,  ser.  4,  t.  iii,  1855,  pp. 
303-11.— A.  Meyer  and  Dewevre,  Drosophyllum  InsiiamcHm,  Bot  Centimlbl.,  1894,  iv,  pp.  33-41. — 
Macfarlane,  Hybrids,  &c.,  Contribnt.  Bot.  Laborat  Pennsylv.,  ii,  n.  i,  1898,  p.  87  et  seq.  and  pi.  xii. 
—       -         - ..-,-...  .        ,aTab.; 

omphofyx 
a,  Assoc, 
franf.  Ajaccio,  1901 ;  ii,  1903!  pp.  471,  47ji.^[Hamilton,  ByhHs  gigantea^  Proibeed.  Linn.  Soc.  New 


Dp.  61  and  63.— Diels,  Droieraceaey  in  Pflanzenrdch,  Heft  26,  1906,  p.  4  et  8eq.-^[Haberlandty 
ainnesorg.,  and  edit.,  ISK^^.] 
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HAMAMELIDEAE  (pp.  328-333). 

The  petiole  of  Liquidambar  contains  three  vascular  systems  of  the  nature 
of  steles  (Bouygues). 

Literature:  [Hohnel,  Kork,  ^tz.-Ber.  Wiener  Akad.,  Ixzvi,  Abe  i,  1877,  p.  603.] — Gr^ory» 
Cork  wings,  Bot  Gazette,  1888,  pp.  382-7  and  pi.  xxii  {LiouidamAar  shtracinua).^jBdia,  Oig. 
s^cr^.,  Thte,  MontpelUer,  1888,  p.  48  et  seq.— WijnaendU  Francken,  Sdereiden,  Diss.,  Utrecht, 
1800,  pp.  51,  5a.— [Wassojewsky,  Parroiia  perska,  1891  (Russian)  ;  abstr.  in  Just,  1893,  i,  p.  580.] 
^Molur,  Balsam  von  Ltquidamh€sry  Pharm.  Rondschan,  N.  Y.,  1895,  ziii,  n.  3.] — [Jensen,  Rinde 
von  Hamamtlis  virginiana^  Pharm.  Archiv,  1901,  n.  7 ;  abstr.  in  Just,  1901,  ii,  p.  58.] — Pitard, 
P^ricyde,  Thte,  Bordeaux,  1901,  p.  loa. — Bonygnes,  Petiole,  These,  Bordeaux,  I902,  p.  69. — 
[Kramer,  Mikr.-pharm.  Beitr.,  Diss.,  Wiirzbnrg,  1907,  p.  ao  (/Tomam^ikV).]— For  CerddiphyUum. 
and  other  genera  belonging  to  the  Hamamelideae,  see  nnder  Trochodendraceae. 

BRUNIACEAE  (pp.  333-335). 

1.  Review  of  the  Anatomical  Features.  According  to  Kirchner,  the 
apex  of  the  leaf  in  all  the  Bruniaceae  is  suberized  in  a  peculiar  maimer. 

2.  Structure  of  the  Leaf.  According  to  Colozza,  the  earlier  statement 
that  the  leaves  of  the  Bruniaceae  are  traversed  by  three  veins,  is  only  partly 
correct.  In  certain  species  of  Audouinia,  Berzdia^  Linconia^  Pseudohaeck&a 
and  Staavia  five  veins  are  found,  while  some  of  the  species  of  Pseudobaeckea 
have  even  more  (9,  13,  or  26). 

The  stomata,  as  already  previously  mentioned,  are  generally  present  on 
both  sides  of  the  leaf.  On  the  basis  of  recent  investigations  the  following  facts 
may  be  added  regarding  their  distribution.  In  the  pinoid,  patent  leaves  of 
Linconia  cuspidata^  Sw.  and  the  thin  flat  leaves  oiPseudooaeckea  cordfa/a, Niedenzu 
the  stomata  are  confined  to  the  lower  side.  In  the  broad  scaly  leaves  found 
in  certain  species  of  Bruniay  Lonchostotna  \  Pseudobaeckea  and  Raspalia '  the 
stomata  occur  only  on  the  upper  side,  which  is  adpressed  to  the  stem.  In 
certain  species  of  Brunia  and  Diberara  with  subulate  infiexed  leaves  the 
stomata  are  practically  restricted  to  the  up|)er  side,  since  stomata  are  found 
on  the  lower  side  only  at  the  base  of  the  leaf,  i.e.  on  that  part  of  the  leaf  which 
is  covered  by  the  tips  of  the  leaves  below  (Kirchner).  In  Linconia  cuspidata^ 
Pseudobaeckea  cordata^  and  Thamnea  gracilis^  Oliv.  Q>lozza  states  that  the 
stomata  are  confined  to  the  lower  side,  while  in  Lonchostotna  acutifiorum^ 
Wickstr.,  Pseudobaeckea  virgata,  Niedenzu,  and  Raspalia  phylicoides^  Niedenzu 
they  occur  only  on  the  upper  side.  With  reference  to  the  arrangement  of  the 
stomata  on  the  surfaces  of  the  leaves,  we  may  mention  that  according  to 
Kirchner  they  are  irregularly  scattered  in  Staavia  nuda,  Eckl.  et  Zeyh.  and 
Brunia  saccuiata.  Bolus,  while  in  Staavia  capiteUa^  Sond.  and  Brunia  palustris, 
Schlecht.,  as  well  as  in  Staavia  radiata,  they  show  a  marked  transverse  arrange- 
ment. 

According  to  Colozza,  the  structure  of  the  leaf  is  either  centric  or  bifacial, 
or  exhibits  transitions  between  the  two  types.  According  to  the  same  authority, 
the  earlier  statement  that  the  palisade-tissue  in  all  cases  consists  of  a  single 
layer  of  cells  is  incorrect.  Kirchner  states  that  the  palisade-ceUs  are  almost 
invariably  placed  obliquely  to  the  surface  of  the  leaf.     In  those  leaves  in 


^  Regaiding  Lo9$chostoma^  which  in  recent  times  has  been  referred  to  the  Bruniaceae  by  general 
consent,  see  also  the  former  appendix  to  the  Solanaoeae,  pp.  581,  58a. 

'  Accordii^?  to  Kirchner  (loc.  cit,  p.  15)  these  species  are:  *  Brunia  palustris,  Schlecht.,' 
'  B,  sactula/Oj  Bolns;'  LoHchastoma  atuttfiorufiit  Wickstr.,  Z.  numostyh^  Sond.,  Z.  eiiusifiorum^ 
Wickstr. ;  Pseudobaeckea  squaJida,  Niedenzu,  P.  tdrgata^  Niedenzn ;  Raspalia  angulata,  £.  Mey, 
P,  Dregeana^  Niedenzn,  R,  microphylla,  Brong^.,  R.  phylicoidea,  Niedenzu. 

'  See  Colozza,  loc.  cit  p.  ao  (in  contxadiction,  however,  to  the  statement  on  p.  39). 
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which  the  upper  surface  is  adpressed  to  the  stem,  the  palisade- tissue  is  naturally 
confined  to  the  lower  side  of  the  leaf. 

Colozza  records  solitary  crystals  of  oxalate  of  lime  in  the  neighbourhood 
of  the  mechanical  sheaths  enveloping  the  vascular  bundles  of  the  veins  in 
Brunia  nodi  florae  L.  and  in  the  genera  Audouinia,  Berzdia^  Diberara^  Thamnea 
and  TiUmannia ;  the  same  authority  mentions  the  occurrence  of  clustered 
crystals  in  the  mesojphyll  in  Brunia  globosa^  Thunb.  and  B.  laeviSj  Thunb., 
and  in  the  genera  Linconia^  Lonchostoma^  Pseudobaeckea  and  Staavia.  In 
Raspalia  both  sohtary  and  clustered  crjrstals  are  wanting. 

Long  unicellular  clothing  hairs  are  recorded  by  Colozza  in  species  of 
Brunia^  DiberarUj  Pseudobaeckea  and  Raspalia. 

Parenchjnnatous  cells  serving  for  water-storage  are  present  at  the  apex 
of  the  leaf  in  the  neighbourhood  of  the  terminations  of  the  veins  ;  in  an  un- 
named species  of  Brunia  similar  cells  he  scattered  in  the  spongy  tissue. 

The  tip  of  the  leaf  in  the  Bruniaceae  is  formed  by  a  cap  of  tissue,  composed 
of  brown  suberized  cells  ;  on  the  inner  side  of  this  cap  hes  a  meristem,  from 
which  new  cork-cells  are  produced  at  the  same  rate  as  the  outermost  ones 
become  exfoUated. 

liteiatnre:  Knoblauch,  Okolog.  Anatomie,  etc,  Habilitat-Schr.,  Tubingen,  1896,  p.  15  et  aeq. 
— Kirbhner,  Beitr.  z.  Kenntnis  der  Bruniac.,  Diss.,  Breslan,  1904,  J9  pp. — Colozza,  Bnmiaoeae, 
Ann.  di  Bot,  ii,  Roma,  1905,  sep.  copy,  especially  pp.  9-30. 


HALORAGEAE  (pp.  335-339)- 

To  the  first  paragraph  on  p.  335,  in  which  the  most  important  anatomical 
features  of  the  Order  are  summarized,  we  may  add  the  foUovong  details.  The 
Haloragoideae,  Schindl.^  are  distinguished  by  having  imiseriate  clothing  hairs, 
the  Gunneroideae,  Schindl.  by  having  imicellular  hairs.  The  genera  Ccdlitriche 
and  Hippuris  are  characterized  by  the  possession  of  peltate  hairs  ;  Schindler 
advocates  the  exclusion  of  these  genera  from  the  Halorageae,  and  in  this  he 
is  probably  right.  Hippuris  is  also  peculiar  in  the  absence  of  clustered  crystals 
of  oxalate  of  Ume.  The  axis  of  Loudonia  is  distinguished  by  having  subepi- 
dermal groups  of  sclerenchyma  consisting  of  a  single  layer  of  fibres. 

Recent  investigations  have  shown  that  the  mesophyll  rarely  contains 
typical  palisade-tissue  with  marked  elongation  of  its  cells  ;  a  distinct  differentia- 
tion into  palisade  and  spongy  tissue  is  found  in  Haloragis  elaki,  Cunn.  and  in 
Loudonia.  Sclerenchymatous  elements  are  completely  absent  in  the  leaf. 
Schindler  also  states  that  the  stomata  in  no  case  have  characteristic  subsidiary 
cells ;  we  should  mention,  however,  that  in  the  Haloragoideae  those  walls 
of  the  surrounding  epidermal  cells  which  converge  on  the  guard-cells  are 
thin,  while  in  the  Gunneroideae  the  contour-walls  of  the  guard-ceUs  them- 
selves are  thin  ;  the  remaining  epidermal  cells  in  both  cases  have  thick  lateral 
walls.  As  a  rule  the  stomata  are  present  on  both  sides  of  the  leaf.  In  the 
extreme  terrestrial  species  of  Haloragis  and  Loudonia  the  stomata  situated 
on  the  upper  side  are  not  so  large  as  those  on  the  lower,  and  occur  in  smaller 
numbers  ;  in  other  cases  they  are  only  represented  by  rudiments. 

Special  internal  secretory  organs  are  absent,  but  tannin  is  widely  dis- 
tributed both  in  the  land-  and  water-forms.  The  clustered  crystals  of  oxalate 
of  Ume  are  mostly  of  small  size,  but  very  large  ones  are  also  found  (e.g.  in 
Gimnera).    They  are  invariably  composed  of  a  large  number  of  individual 

^  Schindler,  on  whose  work  the  following  additions  are  chiefly  based,  subdivides  the  Order  aa 
foUows:  I.  Haloragoideae:  i,  Halorageae:  Loudonia,  Haioragis  (incl.  Maomciis),  MeMuUa, 
LauremUrgia  (Ser^ula),  Praserpinaca \  2,  Myriophylleae :  MyriophyUum.  II.  Gunneroideae: 
Gu$m€ra. 
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crystals  with  very  narrow  tips.  According  to  Schindler,  hair-like  cells  con-' 
taming  clustered  crystals,  which  were  previousljr  mentioned  as  occurring  in 
the  cortex  of  the  stem  in  Myriophyllum  and  Serpicula  refens^  are  found  in  all 
the  species  of  Laurembergia^  MezieUa^  Myriophyllum  and  Proserpinaca,  as 
well  as  in  certain  species  of  Halaragis,  having  relatively  large  intercellular 
spaces.  It  remains  to  mention  the  occurrence  of  aggregates  of  acicular  ays- 
talsy  composed  of  an  unknown  chemical  substance,  in  Gunnera  HamiUonii 
(according  to  Schnegg). 

We  have  next  to  (hscuss  the  trichomes,  and  will  deal  first  with  the  clothing 
hairs.  We  have  already  stated  above  that  according  to  Schindler  uniseriate 
clothing  hairs  are  characteristic  of  the  Haloragoideae,  and  unicellular  hairs 
of  the  Gunneroideae.  It  should  be  noted,  however,  that  the  aquatic  forms 
(Myriophyllum  and  Meziella)  have  no  clothing  hairs  whatsoever,  and  that  in 
some  species  of  Haloragis  unicellular  hairs  are  also  found.  The  latter  are, 
however,  connected  by  transitional  forms  with  the  epidermal  papillae,  which 
are  of  frequent  occurrence  in  Haloragis,  and  differ  very  essentially  from  the 
hairs  of  uunnera  (which  have  thin  walls  and  wide  lumina)  in  being  of  small 
size  and  having  thick  walls  and  narrow  lumina.  The  unicellular  trichomes 
of  the  New  Zealand  species  of  Gunnera  examined  by  Schnegg  are  for  the  most 
part  club-shaped  and  crowned  by  a  short  awn.  According  to  Schindler,  the 
distinction  between  Hippuris  mariiima  and  H,  vulgaris  (mentioned  in  the 
earUer  part  of  this  work)  based  on  the  structure  of  the  rays  of  the  peltate  hairs 
cannot  be  maintained. 

According  to  Schindler,  glandular  shaggy  hairs,  having  the  same  structure 
as  those  of  Myriophyllum  and  Gunnera,  occur  in  all  the  Haloragoideae  with 
the  exception  of  Loudonia  ;  they  are  situated  in  the  excavations  on  the  leaf- 
teeth,  &c.,  and  are  visible  even  with  a  lens  as  small  lappets  or  dots.  Other 
forms  of  hairs  to  be  mentioned  here  are :  (i)  the  soft  cylindrical  hairs  of 
Gunnera,  which  had  already  previously  been  observed  by  Uhlworm,  and 
consist  of  four  regular  rows  of  cells  ;  (2)  the  emergences  recorded  by  Schindler 
in  Haloragis  exalaia,  F.  v.  M.,  and  occurring  on  the  axes  in  the  form  of  coarse 
knobs  having  the  shape  of  an  inverted  flask  ;  and  (3)  the  multicellular  trichomes 
described  by  the  same  author  in  certain  terrestrial  species  of  Haloragis  (H.  con- 
fertifolia,  F.  v.  M.,  H,  elata,  Cunn.,  and  H.  exalata,  F.  v.  M.) ;  these  trichomes 
resemble  a  blackberry  in  form  and  are  purely  epidermal  structures. 

In  tiuning  our  attention  to  the  structure  of  the  axis  we  may  once  more 
emphasize  the  absence  of  intraxylary  phloem  in  view  of  the  close  affinity  of 
this  Order  with  the  Onagrarieae.  According  to  Schindler,  Parmentier's 
statements  as  to  the  occurrence  of  internal  soft  bast  in  Haloragis  and  Loudonia 
(cf .  footnote  i  on  p.  335)  are  incorrect.  Schindler  states  that  the  vessels  have 
simple  perforations  in  all  the  members  of  the  Order.  Among  the  features 
presented  by  the  cortex  (cf.  p.  339)  the  occurrence  of  subepidermal  groups  of 
sclerenchymatous  fibres  in  Loudonia  has  already  been  referred  to  above.  Most 
of  the  Haloragoideae  are  characterized  by  having  very  large  air-cavities  in 
the  primary  cortex,  the  cavities  being  arranged  to  form  a  single  ring  (except 
in  aaloragts  salsoloides,  Benth.).  These  intercellular  spaces  are  most  prominent 
in  the  aquatic  forms,  but  are  also  found  in  the  large  majority  of  terrestrial 
species  of  Haloragis,  although  not  so  strongly  developed.  They  are  absent, 
however,  in  ^Loudonia,  Htdoragis  foliosa,  Benth.,  n.  Gossei,  F.  v.  M.  and 
H,  pycnostachya,  F.  v.  M.  In  many  Halorageae  (sensu  Schindler)  intercellular 
spaces  are  present  in  the  pith  as  well,  but  they  are  wanting  in  Meziella,  as 
well  as  in  the  Myriophylleae  (Myriophyllum).  In  contrast  to  the  typical 
Halorageae,  Hippuris  has  several  layers  of  intercellular  si)aces  in  the  cortex ; 
the  same  appUes  to  Haloragis  salsoloides,  Benth.,  a  species  already  referred 
to  above. 
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A  brief  description  of  the  vascular  system  of  the  petiole  and  stolons  in  the 
species  of  Gunnera^  examined  by  Schnegg,  may  be  given,  the  reader  being  referred 
for  details  to  Schnegg's  paper.  The  larger  petiolar  strands  are  distinct  steles ; 
in  the  simplest  case  (e.g.  &.  dentata)  they  consist  of  a  concentric  vascular  bundle, 
surrounded  by  an  endodermis  and  provided  with  central  xylem,  the  innermost 
vessels  of  which  are  situated  in  an  apparent  pith  and  exhibit  compression ;  in 
G.  lobata  the  steles  include  a  pith  composed  of  sclerenchymatous  fibres  and  have 
a  coUenchymatous  sheath ;  a  still  higher  degree  of  differentiation  is  attained  in 
G.  mageUanica^  in  which  the  place  of  tiie  pith  is  taken  by  a  vascular  system,  sup- 
ported by  two  groups  of  sclerench3rmatous  fibres  and  composed  of  central  strands 
of  phloem  with  peripheral  xylem-vessels,  while  the  collench3rma-sheath  is  accom- 
panied by  a  second  sheath,  provided  with  Caspary's  dots  on  its  radial  walls.  The 
stolons,  with  some  few  modifications,  as  a  rule  show  two  rings  of  wood  and  bast, 
the  inner  one  of  which  is  inversely  orientated  as  regards  the  position  of  xylem 
and  phloem ;  in  G.  HamUUmii  there  is  only  a  single  stele,  wmle  in  G.  chilensis 
there  are  several  {3-7  )• 

Uteratiire:  Uhlworm,  Entwiddnngsgcach.  d.  Trichome,  Bot.  Zeit,  1873,  pp.  769-73  and  Tab. 
ix;  also  Diss.,  Ldpiig. — Costantin,  Tig«s  de  pi.  aqaat.,  Ann.  sc.  nat,  i^r.  6,  t.  xix,  1884,  p.  387 
and  pi.  xIt,  xy. — fDuiielli,  Certi  org.  della  Gumura  uadra,  Atti  Soc  Tosc.  Sc.  Nat.,  vii,  1885, 
17  pp. ;  abkr.  in  iBot  Centralbl.,  1885,  iii»  P*  303.]— Scott,  Polyftely,  Ann.  of  Bot.,  v,  1890-91, 
p.  514  et  8eq.^Pannentier,  in  Le  Monde  des  PL,  1897,  p.  178  et  8eq.>--Weinrow8ky,  Scheiteloffii. 
bei  Wasseipfl.,  Diis.,  Berlin,  1898,  p.  24.— Roedler,  Assimilator.  Gewebesyst.,  Diss.,  Fxeiboig  i  d. 
Schw.,  1898-9,  p.  34  et  aeq.«*Minden,  Wasiersec  Organe,  Bibl.  bot.,  Heft  46,  1899,  P-  ^^ 
{Ca/Utruis). ~~Terrot,  Org.  app.  det  feuilles  de  cert.  MyriophyBum,  Jonm.  de  Bot,  1900,  pp.  198- 
aoa. — W.  B.  McCallnm,  ProserfituuapalustriSy  Bot.  Gaz.,  190a,  pp.  93-108. — Knothe,  Unbenetzb. 
Bl.,  Diss.,  Heidelberg,  1902,  p.  20. — [Porsch,  Spaltoffnangsapp.  sabmers.  Pflanzenteile,  Sitz.-Ber. 
Wiener  Akad.,  cxii,  Abt.  i,  1903,  pp.  103-7  {CalHtruhe^  /^]t>)/»m)].— Schnegg,  Beitr.  z.  Kenntnis 
d.  Gatt.  (7«Miff^ni,  Flora,  xc,  190a,  p.  i6x  et  seq. ;  also  Diss.,  Munich. — Schonte,  Stelaitheorte,  i903> 
pp.  121-2. — Schindler,  Abtr.  d.  Hippnridaoeen  von  den  Halorag.,  in  Engler,  Bot.  Jahrb.,  xxxiv, 

1904,  Beibl.  77,  77  pp.,  especially  pp.  53-69  and  74-5  ;  also  Diss.,  Erlangen.— Giinther,  Anat.  d. 
Myrtifioren,  Diss.,  mslan,  1905,  p.  27  et  seq. — Schindler,  Halorriiagaceae,  in  Pflanzenreich,  Heft  23, 

1905,  pp.  5-9. — G6iean  de  la  Lamarli^,  Membr.  cut  d.  pi.  aquat.,  Revue  g^n.  de  Bot.,  1906, 
p.  289  et  seq. 


RHIZOPHORACEAE  (pp.  339-343). 

2.  Structure  of  the  Leaf.  The  following  additional  facts  have  become 
known.  The  outer  appendicular  ridges  on  the  stomata  of  Ceriops  CandoUeana^ 
Am.,  Bruguiera  gymnorhiza.  Lam.,  and  Rhizophora  muctonaUiy  Lam.  are  split 
into  two,  so  that  the  front  cavity  is  divided  into  two  parts.  An  aqueous  tissue 
belonging  to  the  spongy  parench3maa  is  found  also  in  the  interior  of  the  meso- 
phyll  of  Kanddia  and  Bruguiera,  The  palisade-tissue  of  Rhizophora  consists  of 
a  layer  of  very  much  elongated  cells,  which  exhibit  more  or  less  abundant 
transverse  divisions.  Lastly,  according  to  Areschoug's  statements,  hjrpoderm 
occurs  on  the  lower  side  of  the  leaf  more  frequently  than  was  previously  stated. 

3.  Structure  of  the  Axis.  According  to  Pitard,  the  pericycle  m  Rhizo* 
phora  Mangle  and  Bruguiera  parviflora  contains  only  isolated  groups  of  bast- 
fibres  ;  sclerosed  stone-cells,  which  are  occasionaUy  branched,  are  found  in 
their  neighbourhood. 

Literature:  Hohnel,  Gerberinden,  Berlb,  1880,  p.  129  et  seq.— [Kaisten,  Mangrovevegetat, 
BibL  bot..  Heft  22,  1 891.]— Pitard,  Pericycle,  Th^,  Bordeaux,  1901,  p.  y.— Areschoug,  Blattbau 
d.  Mangrovepfl.,  Bibl.  bot.,  Heft  56,  1902,  pp.  42,  57  and  66  et  seq.,  Tab.  i-iii,  ix  and  xiii.— 
Ba^gagh-Petracd,  L^niaini,  Malpighia,  looa,  p.  354  (iffr«5^»fr«).— Holtermann,  Anat-physiol. 
Untersnch.,  Sitz.-Ber.  Berliner  Akad.,  190a,  1,  p.  671.— [Blatter,  Mangrove  of  the  Bombay  Presidency, 
loam.  Bombay  Nat.  Hist  Soc,  xvi,  1905,  pp.  644-56  and  pi.]— Giinther,  Anat  d.  Myrtifloren, 
DiM.,  Brcslan,  1905,  p.  25.— Giiitler,  Interzellulare  Haarbild.,  Diss.,  Berlin,  1905,  p.  40.— Ponlaen, 
St0ttenNleine  hot  KhiMharay  Vidensk.  Meddelels.  Kj0benhavn,  1905,  pp.  Hl-^^  and  Tab.  v. — 
Holtermann,  Einflnas  <L  Klimasy  etc.,  1907,  pp.  30,  57,  60  and  Tab.  ix  {Bruguiera,  Ctriops, 
RJUtophord), 
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COMBRETACEAE  (pp.  343-350). 

2.  Structure  of  the  Leaf.  The  absence  of  a  typical  hypoderm  is 
remarkable.  Aqueous  tissue  is  present  in  the  middle  of  the  mesophyll  in 
Laguncularia  racemosa^  as  well  as  in  Lumnitzera  coccinea  and  L.  racemosa 
(Holtermann).  We  may  also  mention,  likewise  on  Holtermann's  authority, 
the  occurrence  of  large  terminal  tracheids  in  Laguncularia  racemosa^  and  of 
hydathodes  provided  with  an  epithema  in  species  of  Laguncularia  and 
Lumnitzera,  To  the  previous  account  of  the  hairy  covering  we  may  add  that 
cap-shaped  glandular  hairs,  similar  to  those  found  in  Laguncularia  racemosa^ 
occur  also  in  Conocarpus  erecius^  though  the  hairs  of  this  species  are  far  less 
sunk,  and  consist  of  a  smaller  number  of  cells  (Boergesen  and  Paulsen).  Details 
as  to  the  differentiation  of  the  shield  in  the  peltate  glands  of  certain  African 
species  of  Cornbretum  are  given  by  Engler  and  Diels,  loc.  cit.  According  to 
Boergesen  and  Paulsen,  special  epidermal  idioblasts  occur  on  both  surfaces  of 
the  leaf,  but  mainly  on  the  upper  side,  in  Conocarpus  eredus  (hydathodes  ??) ; 
they  are  distinguished  from  the  remaining  epidermal  cells  by  their  rounded 
outline  and  by  the  presence  of  a  conical  elevation  arising  from  the  middle  of 
the  cell ;  this  protuberance  has  a  striated  cuticle,  and  often  includes  a  small 
space  .which  is  separated  from  the  rest  of  the  lumen  of  the  cell.  The  petiolar 
glands  of  Conocarpus  eredus  constitute  two  depressions  on  the  upper  side  of 
the  petiole,  and  are  provided  with  an  epithema  and  the  termination  of  a  vascu* 
lar  bundle  (Areschoug) ;  regarding  the  glandular  stipules  found  in  species 
of  Combretum,  see  Mirabella,  loc.  cit. 

For  the  structure  of  the  petiolar  spines  of  Combretum,  see  Heiden,  Holmes, 
and  Lef^vre,  11.  cc. 

3.  Structure  of  the  Axis.  The  interxylary  phloem  in  the  specimen 
of  Conibretum  salicifolium,  E.  Mey  (cf.  Holtermann's  statement  on  p.  350), 
examined  by  Leisering,  develops  in  the  same  way  as  in  Guiera.  According  to 
Lef  evre,  the  same  mode  of  development  also  obtains  in  Cothbretum  glutinosum, 
Guill.  et.  Pen*. 

Phelloid-cells  have  been  demonstrated  in  the  cork  of  Quisqualis  (J.  E. 
Weiss).  Lefevre  states  that  the  cork  develops  sub-epidermally  in  Cono- 
carpus  leiocarpusy  DC.  (=  Anogeissus  leiocarpus,  Guill.  et  Perr.)  and  Anogeissus 
pendtda,  Edgew. 

According  to  Lefevre,  intercellular  mucilage-spaces  of  schizogenous  origin 
similar  to  those  present  in  the  veins  of  the  leaf  occur  also  in  the  intraxylary 
phloem  of  Termtnalia  Bellerica,  Roxb.,  T,  procera,  Roxb.  and  T.  tomentosa, 
W.  et  A.,  as  well  as  in  the  interxylary  phloem  of  Combretum  gluiinosum, 
Guill.  et  Perr. 

According  to  Karsten,  the  negatively  geotropic  respiratory  roots  of  Lumnitzera 
racemosa,  Willd.  exhibit  a  well  differentiated  sj^tem  01  intercellular  spaces  in  the 
secondary  cortex  in  later  stages.  This  intercellular  system  is  specially  distinguished 
by  its  mode  of  development.  In  the  first  place  the  cells  commence  to  separate 
from  one  another  at  certain  points  and  especially  at  the  corners,  so  that  they  only 
remain  connected  by  narrow  processes  ;  in  this  way  the  tissue  acquires  the  appear- 
ance of  a  |>arenchyma  the  cells  of  which  are  provided  with  numerous  processes 
emanating  in  all  directions  ('  conjugate  parencnyma ').  The  intercellular  spaces 
gradually  increase  in  size,  and  the  connecting  processes  become  longer ;  division- 
walls  appear  in  the  latter  and  thus  a  strongly  developed  system  of  intercellular 
spaces  IS  ultimately  formed.  According  to  Boergesen  and  Paulsen,  the  intercellular 
spaces  in  the  primsuy  cortex  of  the  '  asparagus-like  roots  '  of  Laguncularia  racemosa, 
Gaertn.  f.  develop  in  exactly  the  same  way. 

Literature:  Hohnel,  Gerberinden,  Berlin,  1880,  p.  la;  et  seq.— Hohnel,  Neue  Gerbebl.,  in 
Dingier,  Polytechn.  Journal,  ccxl,  1881,  pp.  388-91.— J.  E.  Weiss,  Koricbild.,  Denksdir.  hot 
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Ti,  1890,  aep.  copy,  p.  16.— Kanten,  Mangrovevi^taU  Bibl.  bot..  Heft  aa, 
i8ai,  pp.  51-a  and  Tab,  ix.— Brandt,  Wenig  bek.  RindeD»  Dili.,  Dorpat,  1894,  p.  30  et  ieq.^ 
[MinMla.  Colleteri,  Contribnz.  1st  Bot  Palermo,  ii,  1897,  p.  15  et  seq.;  abstr.  in  Just,  1897, 
p.  513.]— Bocrgesen  og  Paulsen,  Vegetat  dansk.  yestind.  Oer,  Bot  Tidsskrift,  zzii,  1898-9,  pp.  43-8 
XLagmuuiaria  raumcsa,  Gaertn.  f.)  and  pp.  53-4  {Conocarpus  ertcius,  L.). — Aieschong,  Blattban 
der  MangroTepfl.,  Bibl.  bot..  Heft  56,  1899,  pp.  71-7  and  Tab.  iz-xiii.-^£ngler  and  Diels,  Cam- 
kreium,  in  Engler,  Monogr.  afrikan.  Pflanzenfamilien  n.  Gatt.,  iii,  1899.— Leisering,  Interzylares 
Leptom,  Diss.,  Berlin,  1899,  pp.  14-17.— Baranetzky,  False.  bicoU.,  Ann.  sc.  nat.,  s^r.  8,  t  xii, 
1900,  p.  300. — Baigagli-Petracci,  L^;nami,  Malpigfaia,  190a,  p.  356  (Z»0»iffVs«m).— Penzig,  Piante 
acaiofile,  Malpighia,  190a,  p.  446  et  seq.  (7>fwriiia/M).— Areschotig,  Trop.  Tiizt.  bladbyggn.,  Sr. 
Vet.  Akad.  Handl.,  39,  n.  a,  1905,  pp.  15,  16  and  75  {Com^tum),  pp.  94,  95  {Termina/ia), 
Dp.  "5-^6  {Qms^ualis), — Gunther,  Anat  d.  Myrtifloren,  Diss.,  Breslan,  1905,  pp.  35,  ad. — 
Lef^re,  £t.  anat  et  pharmacol.  des  Combret.,  1905,  in  Perrot,  Tra^aox,  iii,  1906,  ia6  pp.— [Drabble, 
Anat  of  the  Kinkeliba,  Cambretum  XaimdauUi,  Quart.  Joum.  Comm.  Research  in  the  Tropics, 
lirerpool,  ii,  1907,  pp.  66-70,  1  pi.] — Holtermann,  Einfluas  des  Klimas,  etc.,  1907,  pp.  3a,  55,  58, 
59  {^Laguncularia,  Lumnitteru). 

MYRTACEAE  (pp-  350-358)- 

I.  Review  of  the  Anatomical  Features.  The  unicellular  clothing 
hairs  found  in  certain  members  of  the  Myrtaceae  sens.  str.  are  two-chambered 
in  the  same  way  as  in  the  Combretaceae.  Unicellular  Malpighian  hairs,  showing 
transitions  to  ordinary  unicellular  trichomes,  are  found  also  in  Eugenia  correae^ 
foliay  Hook,  et  Am.  The  hairs  of  Bertkolettia  excdsa,  Humb.  et  Bonpl.,  exhibit 
a  tendency  towards  a  tufted  arrangement,  while  those  of  Lccythopsis  rufescens 
show  indications  of  branching.  Shaggy  hairs  are  present  in  Lhotskya  gene- 
thylloides,  F.  v.  M. 

Among  the  anomalous  genera  (see  p.  351)  Gaslondia  and  Psiloxylum  have 
recently  been  investigated  by  Van  Tieghem.  Both  of  them  have  proved  to  be 
members  of  this  Order,  as  evidenced  by  the  presence  of  secretory  cavities  in  the 
primary  cortex  and  mesophyll,  and  by  the  occurrence  of  intraxylary  soft  bast. 
Of  the  remaining  anatomical  features  of  the  two  genera  we  may  mention  the  fol- 
lowing. The  cork  in  Gaslondia  develops  in  the  second  cortical  layer  and  is  composed 
of  alternating  strata  of  (quadrangular  thin-walled  cells  and  flat  Ugnified  cells,  whilst 
in  Psiloxylum  it  arises  m  -tiie  pericycle  and  consists  of  layers  of  flat  thin-walled 
cells  and  thickened  cells  with  wider  lumina.  The  pericycle  in  Gaslondia  contains 
isolated  groups  of  hard  bast,  and  the  phloem  is  stratified  into  hard  and  soft  bast, 
while  in  Psuoxylum  bast-fibres  are  completely  absent,  and  the  stratification  of 
the  phloem,  as  in  '  Cortex  Granati,'  is  due  to  cells  containing  clustered  crystals.  In 
both  genera,  lastly,  the  stomata  are  found  only  on  the  lower  side  of  the  leaf  ;  the 
palisade-tissue  in  Gaslondia  includes  relatively  large  cells  with  clustered  crystals. 

A.    Myrtaceae  sens,  str,  (pp.  352-355). 

Holtermann  records  remarkably  large  epidermal  cells  in  Eugenia  subavenis, 
and  stone-cells  in  the  mesophyll  in  E,  rotundifolia  and  E.  scUrophylla, 

I  have  myself  investigated  the  hairy  covering,  and  may  mention  in  the 
first  place  that  some  of  the  simple  unicellular  clothing  hairs  are  two-chambered, 
like  those  found  in  the  Combretaceae.  As  in  that  Order  the  basal  portion  of 
the  hair  contains  a  body  which  varies  in  length  and  has  the  appearance  of 
a  cell,  and  in  this  way  the  duphcation  of  the  hair  is  brought  about.  This 
feature  is  found :  (a)  in  the  narrow,  elongated  clothing  hairs  of  Leptospermum 
grandifolium,  Hort.,  which  have  thick  walls  and  narrow  lumina  and  give  rise 
to  the  silky  covering  on  the  leaves ;  (b)  in  the  short  curly  clothing  hairs  on 
the  leaves  of  Metrostderos  tomentosa^  A.  Rich. ;  (c)  in  the  siimlar  hairs  of  Kunzea 
ericifolia^  Reichb. ;  (d)  in  the  mostly  one-armed  hairs  on  the  leaves  of  Psidium 
Guajava,  L. ;  {e)  lastly  also  in  the  hairs  on  the  fruits  of  the  Pimento  (belonginjg 
to  Pimenta  officinalis^  Lindl. ;  in  thi3  case  they  are  figured  by  Rosen  on  his 
^  Wandtafel,'  xxvi.  Fig.  B  and  C,  but  are  not  considered  in  the  corresponding 
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text»  p.  i88) ;  these  hairs  are  one-armed  or  indistinctly  two-armed  with  arms 
of  nneqnal  length.  On  the  other  hand,  the  unicellular  clothing  hairs  found 
on  the  ovary  of  PUeantkus  filifdius,  Heissn.  do  not  show  the  two  chambers. 
Unicellular  clothing  hairs  having  equal  or  une(}ual  arms  with  wide  lumina, 
and  showing  transitions  to  crop-hairs,  are  found  m  Eugenia  correaefolia^  Hook. 
et  Am.  These  hairs  are  specially  remarkable  in  that  the  membrane  which 
causes  the  duplication  in  the  cases  above  mentioned  can  still  be  demonstrated 
in  them  with  certainty,  but  since  it  is  apposed  to  the  longitudinal  walls  of  the 
body  of  the  hair  along  its  whole  length,  it  fails  to  produce  duplication.  Another 
new  form  of  trichome  is  that  of  the  shaggy  hairs  whicn  have  a  clothing 
function,  and  are  the  cause  of  the  hairy  covering  on  the  branches  and  the 
dliation  of  the  margins  of  the  leaves  in  Lhotskya  gendhylkndes^  F.  v.  M.  They 
are  multiseriate  structures,  only  one  cell  in  breadth  at  the  apex,  and  are 
characterized  by  the  fact  that  the  ends  of  the  component  cells  stand  o£E 
from  the  body  of  the  hair  in  a  papillose  manner. 

According  to  Porsch,  the  secretory  cavities  found  in  the  species  of  Euca* 
lyptus  have  an  excretory  mechanism  similar  to  that  found  in  the  Rutaceae ; 
it  is  composed  of  two  parts,  viz.  (a)  a  passive  portion,  which  in  this  case  com- 
prises the  lid  of  the  gland  (with  2-4  lid-cells)  as  well  as  those  cells  of  the  wall 
which  are  situated  immediately  below  the  lid,  and  (h)  an  active  portion  con- 
stituted by  the  wall  of  the  gland.  Another  noteworthy  point  is  that  in  this 
case  both  the  inner  and  outer  walls  of  one  or  both  Ud-cells  become  split  open, 
the  outer  walls  tearing  at  certain  points,  pre-determined  by  their  hfeto- 
logical  structure ;  the  emission  of  secretion  takes  place  through  the  slits  thus 
formed,  and  not,  as  in  the  case  of  the  Rutaceae,  through  *  preformed  clefts 
between  the  walls.'  Secretory  cavities  are  present  also  in  the  genus  Aphatuh 
myrtus,  which  was  formerly  regarded  as  a  doubtful  member  of  the  Myrtaceae 
(Koorders  and  Valeton). 

The  cork  commonly  contains  unsuberized  cells  (phelloid-cells).  In  certain 
species  of  Eucalyptus  (e.g.  E,  globulus,  Labill.)  the  secondary  bast  includes 
numerous  slightly  sclerosed  spicular  cells,  of  an  irregularly  lobed,  parenchy- 
matous shape. 

B.  Lecythidaceae  (pp.  355-357). 

The  following  additional  details  regrading  the  clothing  hairs  are  based 
on  incidental  investigations  of  my  own.  The  hairy  covering  on  the  stems  of 
Lecythopsis  rufescens.  Berg  is  constituted  by  1-3-celled  clothing  hairs  which 
vary  in  length  and  are  provided  with  transverse  walls  of  varying  thickness. 
In  some  cases  these  hairs  are  united  to  form  tufts  (the  ray-cells  then  occasion- 
ally consisting  of  two  cells).  The  bicellular  hairs  further  show  a  tendency  to 
branch,  since  the  longitudinal  wall  of  the  lower  cell  is  sometimes  drawn  out  on 
one  side  into  a  short  pointed  papilla.  The  clothing  hairs  on  the  floral  buds  of 
Bertholettia  excelsa,  Humb.  et  Bonpl.  are  for  the  most  part  unicellular,  more 
rarely  bicellular,  with  a  thin  transverse  wall,  and  are  peculiar  in  the  fact  that 
their  longitudinal  walls  exhibit  transverse  folds  at  certain  points ;  these  folds 
penetrate  into  the  lumen  of  the  cell  to  a  varying  extent,  and  are  placed  at  right 
angles  to  the  longitudinal  axis  of  the  body  of  the  hair. 

According  to  Areschoug,  secretory  cells  are  found  in  the  mesophyll  in 
Napoleonea  Heuddotii,  Juss. 

Liteiatiue  :  Hohnel,  Gerberindeo,  Berlin,  1880,  pp.  13a  and  134  et  aeq.— Lamonnette,  Liber 
interne,  Ann.  ic  nat,  9ir.  7,  t.  xi,  1890,  pp.  a6o-i.— T.  E.  Weiss,  Koricbild.,  Denkschr.  bot. 
Geiellsch.  Regensbnig,  vi,  1890,  p.  16  et  seq.— Tohannaon,  Wenig  bek.  Rinden,  Dis^,  Dorpat,  1801, 
pp.  II  and  42  et  seq — [Korpow,  Jlfeiale$ua  CajepuH,  Diss.,  Moscow,  1894.*]— Wartenberg,  Psidium 
Arofa,  Diss.,  Erlangen,  1895,  pp.  17-34.— Mattencd,  Placche  sngberoie,  Nnovo  Giom.  bot.  Ital., 
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1897,  p.  354.— [A.  Schneider,  Leaves  of  Eucafy/tms  gloAuims,  Jonm.  of  PhftinuooL,  New  York,  1897* 
n.  7  ;  abstr.  in  Jost,  1897,  ii,  p.  107.]— Koordenand  Valeton,  AphmttomyriaSt  Ann.  Jardin  Bnitenzoig, 
Suppl.  iii,  1898,  p.  145. — Lcaix,  Fofia  Djambn,  Ber.  dentsch.  pharm.  Gesellscb.,  1899,  pp.  ia5-30» 
Tab.— Banmetzky,  Faisc.  bicoU.,  Ann.  sc.  nat,  s^r.  8,  t  zii,  1900,  pp.  399-500.— [Palmieri,  Anat. 
Gomp.  del  genere  EueafypiuSy  Napoli,  1900,  19  pp.]. — Ursprung,  Anat  u.  Jahresringbild,  etc, 
I>i».,  Basel,  1900,  pp.  i8-ao  {PsuHum  pomiferum^  L).— [Baker  and  Smith,  Encalypts,  Technic 
Xdncat.,  Ser.  13,  Tecfan.  Mns.,  New  Sonth  Wales,  Sydiwv,  190a.}— Baigagli-Petmcci,  Legnami, 
Malpighia,  luoa,  p.  356  et  seq.  {fiugmia^  THt/oiim).— Fabridns,  Laubbl.-Anat,  Beih.  s.  bot. 
Centziubl.,  xii,  1903,  p.  330  {JBarringtonid), — Knothe,  Unbenetzb.  BL,  Diss.,  Heidelberg,  190a, 
p.  30. — ^PoTsch,  Entleemnmpp.  innerer  DrOsen,  Ost.  bot.  Zeitschr.,  1903,  pp.  356  and  318  et  seq.. 
Tab.  ix. — Col,  Faisoeanx^  Ann.  sc  nat,  s^.  8,  t  xx,  1904,  pp.  i9S~ao5  and  341 -5.— Van  Tieghem, 
Gaslondie  et  Psiloxyle,  Ann.  sc  nat,  s^r.  8,  t.  xix,  1904,  pp.  349-60.— Areschong,  Trop.  ^xt.  blad- 
byggn.,  Sy.  Vet  Akad.  HandL,  39,  n.  a,  1905,  pp.  46,  47,  Tab.  y.  {NapoUaH$a)y  pp.  iio-ii  and 
Ta^xvi  (Z'ji^&'tim),  pp.  130,  131  (£f^fmM).—[&nrdiUon,  Timber  of  ^orrMt^Mia,  Indian  Forester, 
xxxi,  1905,  pp.  89,  9o.]~Giinther,  Anat  d.  Myrtifloren,  Diss.,  Breslao,  1905,  pp.  34,  35,  and  38-33. 
— Porsch,  Spaltoffnongsapparat,  Jena,  1905,  p.  44. — [H.  G.  Smith,  Calcium  oxalate  in  the  barks  of 
the  £acalypts,  AbstracU  Koy.  Soc.  N.  S.  Waln»  May,  1905,  pp.  3,  4.] — [Pampanini  e  Painpaloni, 
Xanthastemon^  Nuoyo  Giom.  bot.  Ital.,  n.  s.,  xiii,  1900,  pp.  131-37.]— Piccioli,  Legnami,  BnU.  Siena, 
1906,  pp.  151,  15a.— Holtermann,  Einfloss  des  Klimas,  etc,  1907,  p.  i30  et  seq.  {Eugema), — [For 
additional  litentvre,  see  p.  1171.] 

MELASTOMACEAE  (pp.  358-368). 

1.  Review  of  the  Anatomical  Features.  The  occurrence  oi  a 
characteristic  stomatal  apparatus,  in  which  the  pairs  of  guard-cells  are  almost 
completely  surrounded  by  a  single  epidermal  ceU,  is  worthy  of  special  note. 
A  very  striking  feature  of  the  hairy  covering  is  the  great  scarcity  of  unicellular 
clothing  hairs ;  uniseriate  hairs  are  also  of  infrequent  occurrence.  Shaggy 
hairs  showing  manifold  types  of  structure,  as  well  as  stellate,  tufted,  cande- 
labra, and  peltate  hairs  are  far  commoner.  The  hollow  shaggy  hairs  of 
Heterotrichum  strigosumy  Tr.,  and  the  combinations  of  clothing  and  glandular 
hairs,  found  more  especially  in  many  of  the  Miconieae,  also  require  special 
mention.  External  glands  are  widely  distributed ;  they  are  davate  or  their 
head  is  spherical,  discoid,  or  otherwise  shaped  or  (rarely)  differentiated  as 
a  vesicular  integumental  gland;  in  other  cases  the  glands  are  represented 
by  glandular  shaggy  hairs.  Peculiar  '  retort-shaped  glands '  are  found  in 
BeUucia,  papillose  or  hair-like  appendages  on  the  cells  of  the  stalks  of  ex- 
ternal glands  in  species  of  Micania^  &c.,  composite  glandular  hairs  with  two 
or  more  heads  on  a  common  stalk  in  species  of  Calycoganium,  Charianihus^ 
HenneUelia^  Miconia.  Of  internal  secretory  organs,  taimin-idioblasts  ha\re 
recently  been  observed  in  species  of  Clidemia  and  Miconia.  The  only  addi- 
tional record  of  gelatinization  of  the  epidermis  of  the  leaf  is  afforded  by 
Piernandra,  Typical  soUtary  cr)rstals  of  the  ordinary  form  appear  to  be 
wanting  in  the  Melastomaceae,  at  least  in  the  leaf ;  but  in  some  cases  the 
clustered  crystals  exhibit  a  reduction  to  short  thick  solitary  crystds.  To  the 
enumeration  of  special  features,  which  are  of  value  in  detailed  diagnosis,  we 
may  add  :  the  reticulate  thickening  of  cells  of  the  palisade  tissue  (species  of 
Graffenrieda  and  Meriania) ;  the  sclerosis  of  cells  of  the  mesophyll ;  the 
presence  in  certain  members  of  the  Order  of  spongy  tissue,  provided  with 
pecuUar  collenchymatous  thickenings ;  the  occurrence  of  spiral  tracheids  in 
the  mesophyll  (species  of  BMucia,  HenrieUea^  and  Sonerila). 

2.  Structure  of  the  Leaf.  The  structure  of  the  leaf  has  recently  been 
investigated  by  Paldzieux  in  numerous  genera  belonging  to  the  Tribes 
Osbeclaeae,  Rhexieae,  Merianieae,  Oxysporeae,  Sonerileae,  Bertolonieae,  Disso- 
chaeteae,  and  Blakeae,  as  well  as  in  the  Astronieae  and  Memecyleae  \  and  by 


*  The  following  genera  were  examined :  OsiecJkia,  RhodoseptUat  Otamktra,  MtUutoma^ 
TrisUmma,  Dissotis,  DichaetanihtrOf  Dinophora  (Tribe  (Hbeckieae);  Rhexia^  Pachyhtna^  Mono- 
thaeium  (Tribe  Rhexieae) ;  Huhtria^  Behuria,  Opisthocenira^  Adehbotrysj  Mtriania^  Graffmrieda 
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Gottschall  in  numerous  genera  of  the  Hiconieae.^  These  new  investigations 
help  to  confirm  and  extend  the  statements  made  in  the  earlier  portion  of 
this  work. 

According  to  Pal&ieux  and  Gottschall,  the  stomata  vary  very  much  iy 
size.  As  regards  the  neighbouring  cells  both  authors  in  the  first  place  state 
that  the  pairs  of  guard-cells  are  frequently  surrounded  by  three  or  more  ordinary 
epidermal  cells ;  side  by  side  with  stomata  of  this  tjrpe,  others  with  subsidiary 
ceUs  placed  transversely  to  the  pore  occasionally  occur  in  one  and  the  same 
species.  The  type  of  stoma  just  mentioned  is  found  in  most  of  the  species  of 
the  Tribes  Ox)rsporeaey  Sonerileae,  and  Bertolonieae,  as  well  as  in  MedinUla 
and  many  of  the  Miconieae.  In  stomata  of  this  kind  one  of  the  two  trans- 
versely placed  cells  often  surrounds  the  greater  part  of  the  guard-cells,  so  that 
the  other  neighbouring  cell  merely  touches  them ;  in  some  cases  the  latter 
undergoes  division  by  a  wall  approximately  coincident  with  the  direction  of 
the  pore,  so  that  three  neighbouring  cells  are  found,  one  of  which  surrounds 
the  pair  of  guard-cells  in  the  way  previously  described.  Stomata  with  neigh- 
bouring cells  placed  parallel  or  obliquely  to  the  pore  are  rare  (Miconieae). 
In  certain  species  of  Osbeckia  and  Dtssotis  the  stomata  are  arranged  parallel 
to  the  midrib.  In  Clidemia  heteroneura,  Cogn.  the  pairs  of  guard-cells  occur 
siujgly  in  crateriform  depressions  in  the  surface  of  the  leaf,  while  in  species  of 
Clidemia  and  Miconia  they  are  surrounded  by  a  cuticular  ridge.  Crowding 
of  the  stomata  in  groups  is  met  with  on  the  mner  and  (rarely)  outer  side  of 
the  domatia  (inhabited  by  ants)  found  in  species  of  Tococa  and  Myrmidone^ 
as  well  as  on  the  lower  side  of  the  leaves  in  Leandra  acutiflora,  Cogn.,  Caly- 
oogonium  Krugii,  Cogn.,  and  Ossaea  Krugiana,  Q^. ;  in  the  two  species  last 
named  this  phenomenon  is  due  to  the  partial  sclerosis  of  the  lower  epidermis. 

Pal6zieux  and  Gottschall  also  mention  the  occurrence  of  epidermal  cells 
with  wide  lumina  and  the  gelatinous  appearance  of  the  cellulose-membranes 
of  the  epidermis  as  features  characteristic  of  certain  species  ;  other  characters 
are  the  cuticularization  of  the  outer  wall,  the  penetration  of  the  cuticle  into 
the  lateral  walls  in  the  form  of  ridges  or  pegs,  and  the  varied  types  of  striation 
presented  by  the  cuticle.  The  epidermal  cells,  found  in  the  neighbourhood  of 
the  hairs  and  those  situated  above  the  crystal-idioblasts  of  the  mesophyll, 
occasionally  have  a  special  shape.  The  case  of  Huberia  laurina^  DC.  may  be 
particularly  noted  in  this  connexion ;  here  rows  of  elongated  epidermal  cells 
extend  from  gland  to  gland  on  the  upper  side  of  the  leaf,  these  rows  in  their 
entirety  forming  a  network.  The  only  additional  record  of  gdatinization 
of  the  epidermis  of  the  leaf  is  furnished  by  Pternandra^  so  that  mucilaginous 
epidermal  cells  are  only  of  very  rare  occurrence  in  this  Order.  Upper  epidermal 
cells  showing  palisade-like  elongation  are  found  also  in  species  of  Calycogonium, 
Clidemia,  Leandra,  Miconia,  Ossaea,  and  Tetrazygia  \  such  cells  either  form 
the  whole  of  the  epidermis  or  only  occur  in  certain  parts,  which  are  situated 
above  the  idioblasts  (containing  clustered  crystals)  in  the  palisade-tissue  and 
above  the  veins ;  the  cells  in  this  case  are  occasionally  divided  transversely 
or  the  lateral  walls  exhibit  a  concertina-like  folding.  Palisade-like  elongation 
of  the  lower  epidermal  cells  has  been  demonstrated  only  in  certain  species 
of  Miconia,    Papillose  differentiation  of  the  upper  and  lower  epidermis  and 


(Tribe  Merianieae);  AUomorphia,  Oxyspora,  Barthea,  Blastus,  Ochthockaris^  Vcprtcella  (Tribe 
Oxysporeae);  Sonerila^  Sarcofyrantis  (Tribe  SoDerileae);  Bertolonia^  Salfinga,  TrioUna  (Tribe 
Bertolonieae) ;  Marumia^  Dissochaeta^  Amplectrum,  Omphalopus,  Medimlla  (Tribe  Dissochaeteae) ; 
Btakta  (Tribe  Blakeae)  ;  Astronia^  Pttmandray  KiUssia  (Tribe  Astrooieae} ;  Mouriria,  MetnecyUm 
(Tribe  Memecyleae). 

^  The  following  genera:  Leandra^Ccnostegia^Charianthus^  Tetrazygia^  Miconia,  Calyc^aniumf 
Heteratrichum^  Tococa,  Majeta,  Myrmidone,  Mecranium,  Clidemia ,  Bellucia,  Loreya,  Henriettea, 
Hcnriittella,  Ossaea^  Myriaspora, 
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the  occurrence  of  a  hypoderm  composed  of  one  or  more  layers  have  been 
observed  in  many  species. 

The  upper  epidermis  is  papillose  in  the  following  species  :  AUomorphia  umbel- 
iulaia.  Hook,  f.,  Bertohnia  marmarata,  Naud.,  Clidemia  cymifera,  Donn. -Smith, 
Conostegia  subcrustatd,  Tr.,  C.  viridiSy  Cogn.  and  C.  xalapensis,  Don,  HeUrotrichum 
Efgersii,  G>gn.  and  H,  pollens,  DC.,  Leandra  solenifera,  Cogn.,  Medinilla  astro- 
ntoidesy  Tr.,  Opisihocentra  clidemioideSy  Hook,  f.,  Sonerila  obliqua,  Kortlu  and  5. 
secunda,  R.  Br. ;  a  papillose  lower  epidermis  occurs  in  :  Bellucia  brasiliensiSf  Naud., 
B,  dichotoma,  Cogn.,  F.  grossularioidesy  Tr.  and  B,  imperialism  Said,  et  Cogn.,  Dichae- 
tanthera  aliissima,  Cogn.,  Dissochaeta  pallida^  Bl.,  Henriettea  grantUata,  Berg, 
H.  Martii,  Naud.,  H.  multifiora,  Naud.,  H.  Spruceana,  Berg  and  H.  succosa,  DC., 
Kibessia  hirtella,  Cogn.,  Mecranium  haemanthum,  Tr.,  Miconia  euianensis,  Cogn., 
M.  macrophylla,  Tr.  and  M.  Regelii,  Cogn.,  Piemandra  paniciuata,  Benth.  (sub- 
papillose),  Tetratypa  bicolor,  Cogn.  and  T,  paUens,  Cogn.  The  papillae  vary  in 
shape,  but  are  mainlv  conical  or  finger-shaped. 

Hypoderm  has  been  observed  on  the  upper  side  of  the  leaf  in :  Anplectrum 
assamicum,  Clarke,  Asironia  Candolleanay  Cogn.,  Blahea  pulvertUenta,  Vahl  and 
B.  trinervia,  L.  (both  species  with  a  two-layered  epidermis),  Calycoganium  squamu- 
losum,  Cogn.,  Charianthus  coccineus,  Don,  C.  corymbosus,  Cogn.,  C.  longifolius, 
Cogn.  and  C.  nodosus,  Tr.,  Clidemia  blepharodes,  DC.  (cells  remarkably  large  and 
showing  concertina-like  folding;),  Conostepa  Donnell-Smithii,  Cogn.,  C.  procera, 
Don,  o.  subhirsuta,  DC.  and  C,  xalapensts,  Don,  Dichaetanthera  altissima,  Cogn., 
JD.  lati folia,  Cogn.  and  D,  rosea,  Cogn.,  Dissotis  incana,  Tr.  (lateral  walls  exhibiting 
concertina-like  folding),  Graffenrieda  boliviensis,  Cogn.  and  G.  emarginata,  Tr., 
Henriettea  angusHfolia,  Berg,  H.  granulata.  Berg,  H.  Martii,  Naud.,  H.  mtUti flora, 
Naud.,  H,  Spruceana,  Berg  and  H.  succosa,  DC,  Henriettella  /ascicularis,  Tr., 
H.  Macfadyenii,  Tr.  and  H,  membranifolia,  Cogn.,  Loreya  nigricans,  Tr.,  Marumia 
Pachygyna,  Korth.,  Mecranium  amygdalinum,  Tr.  and  M.  haemanthum,  Tr.,  Medi- 
nilla astronioides,  Tr.,  M.  magnifica,  lindl.,  M.  myrtiformis,  Tr.,  M,  painllosa^ 
Bak.,  M.  parvifolia,  Bak.,  M.  pauciflora.  Hook.  f.  and  M.  rubicunda,  Bl.,  Melastoma 
imbricatum.  Wall.,  M.  Malabathricum,  L.,  M.  normale,  L.  and  M.  obvolutum.  Jack, 
Meriania  boliviensis,  Cogn.  and  M,  calophylla,  Tr.,  Miconia  affinis,  DC,  M.  cubensis, 
Sauv.,  M.  difficilis,  Tr.,  M.  foveolata,  Cogn.,  M.  glandulifera,  Cogn.,  M.  hirtella, 
Cogn.,  M.  lilacina,  Tr.,  Af.  quadrangularis,  Naud.,  M.  Sintenisii,  Cogn.  (in  the 
species  last  named  the  cells  of  the  one-layered  hypoderm  have  verv  wide  and  deep 
lumina,  are  sometimes  transversely  divided,  and  are  further  provided  with  exception- 
ally thick  and  gelatinous  inner  walls  which  have  a  milky  white  colour  and  extend 
upwards  in  the  form  of  a  wedge  between  the  lateral  walls)  and  M.  iheaexans,  Cogn., 
Mouriria  domingensis,  Spach.,  M,  grandiflora,  DC,  M.  guianensis,  Aubl.  and 
M.  myrtilloides,  Poir.,  Ochthocharis  borneensis,  BL,  Pachyloma  coriaceum,  DC. 
and  P.  huberioides,  Tr.,  Sonerila  grandiflora,  R.  Br.  and  5.  moluccana,  Roxb., 
Tetrazygia  angustifolia,  DC,  T.  bicolor,  Cogn.,  T.  crotonifolia,  DC,  T.  discolor, 
DC,  r.  elaeagnoides,  DC,  T,  hispida,  Macf.  and  T.  pallens,  Cogn.  According  to 
Holtermann,  Kendrichia  Walkert  also  has  a  hypoderm,  which  occupies  half  the 
thickness  of  the  leaf. 

In  Miconia  tetrandra,  Naud.  the  upper  epidermis  in  transverse  section  consists 
of  a  varying  number  of  layers,  the  cells  of  which  are  of  unequal  size  ;  in  this  species 
cells  of  varying  size  are  cut  off  irregularly  from  the  outer  side  of  the  larger  epidermal 
cells. 

The  following  structm-al  features  of  the  mesophyll  require  special  mention. 
The  species  of  BeUiwia  have  a  palisade-tissue,  composed  of  two  or  three 
layers  of  cells,  which  are  fitted  in  among  one  another  in  such  a  way  that  they 
are  firmly  joined  together.  Reticulate  thickening  of  isolated  padisade-cells, 
similar  to  that  occurring  in  Clusia  roseay  L.  (Guttiferae),  is  found  in  Meriania 
paniculata,  Tr.  var.  parvifolia,  Cogn.,  and  Graffenrieda  emarginata^  Tr.  In 
Medinilla  papiUosa^  Bak.  isolated  cells  of  the  palisade-tissue  are  sclerosed. 
Special  tannin-idioblasts,  which  are  filled  with  brown  contents  in  herbarium- 
material,  have  been  observed  in  the  palisade-tissue  in  Clidemia  Kappleri, 
Cogn.,  and  Miconia  compressa,  Naud.,  whilst  in  other  members  of  the  Order 
all  the  palisade-ceUs  have  brown  contents,  and  at  the  same  time  show  folded 
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lateral  walls ;  large  lenticular  starch-grains  occur  in  the  mesophyll  in  species 
of  Meconium  and  Micania.  Collenchymatous  thickening  of  the  spongy  tissue, 
similar  to  that  found  in  Pachyloma  cariaceum  (see  p.  360)  is  recorded  by 
Pal^eux  also  in  species  of  AnpUdrum^  Graffenriedoy  MediniUa^  Mdaskma^ 
Meriania  and  Ochihacharis.  Spiral  tracheids  have  be^  observed  at  the  limit 
of  palisade  and  spongy  tissues  in  Sonerila  mduccana,  Roxb.,  and  in  the  spongy 
tissue  in  Bdlucia  imperialism  G)gn.  et  Said,  and  Henriettea  angustifoHa^  Berg. 
In  MediniUa  papulosa^  Bak.  and  M,  parvifolia^  Bak.  the  middle  layer  of  the 
^x)ngy  tissue  is  sclerosed,  while  in  species  of  Leandra^  Micania^  and  Ossaea 
the  walls  of  all  the  cells  of  the  spongy  tissue  are  remarkably  thickened ;  in 
Huberia  semisenata^  DC.  the  spongy  tissue  only  contains  isolated  sclerosed 
cells.  Gottschall  lastly  mentions  the  occurrence  of  strongly  sclerosed  and 
pitted  cells,  having  an  undulated  outline,  in  the  spongy  tissue  of  Henriettella 
glabra,  Cogn.,  and  of  strongly  sclerc^ed  cells  of  a  serpentine  form  in  that  of 
Miconia  tdranira,  Naud. 

A  consideration  of  the  data  recently  published  seems  to  show  that  sderen- 
chjmia  is  more  frequently  found  accompanjdng  the  veins  than  was  formerly 
supposed,  although  the  accompanying  tissue  for  the  most  part  exhibits 
collenchymatous  differentJation.  Gottschall  states  that  the  veins  are  vertically 
transcurrent  in  species  of  ChariafUhus,  Clidemia,  Henriettea^  Leandra,  Miconia^ 
Tetrazygia,  and  Tococa ;  according  to  the  same  author,  the  more  delicate  veins 
are  frequently  provided  with  a  distinct  parenchyma-sheath,  which  is  occa- 
sionally sclerosed.  Gottschall  and  Paldzieux  also  mention  the  occurrence  of 
more  or  less  elongated  rod-cells  in  the  parenchjmiatous  ground  tissue  of  the 
veins  in  species  of  numerous  genera  \  while  Gottschall  records  spindle-shaped 
sclerenchymatous  cells  in  the  same  position  in  Miconia  rhytidophylla,  Naud. 

In  the  Tribes  recently  investigated  oxalate  of  lime  is  also  for  the  most 
part  deposited  in  the  form  of  clustered  crystals,  which  vary  in  size  and  shape. 
They  are  found  in  the  mesophyll,  the  veins,  the  hypoderm  (e.  g.  in  species  of 
Blakea,  Dichaetanthera  and  Afelastoma),  and  more  rarely  also  in  the  epidermis 
(embedded  in  the  strongly-thickened  inner  wall  in  Miconia  campestris,  Tr., 
according  to  Gottschall*;  and  in  the  epidermis  of  the  veins  in  species  of 
Dichaetanthera,  according  to  Psd^zieux).  The  large  cells  of  the  palisade-tissue, 
which  are  occupied  by  clustered  crystals,  commonly  penetrate  between  the 
epidermal  cells  after  the  manner  of  a  wedge,  and  occasionally  give  rise  to 
transparent  dots  in  the  leaf.  A  peculiar  arrangement  of  the  clustered  crystals 
has  been  observed  in  the  leaf  in  species  of  Blakea  ;  the  crystals  are  contained 
in  three  horizontal  layers  (viz.  (a)  in  the  hj^poderm  or  in  the  layer  of  palisade 
situated  beneath  the  upper  epidermis,  (V)  in  the  layer  of  cells  adjoining  the 
palisade-tissue,  and  (c)  in  the  cell-layer  lying  above  the  lower  epidermis). 
Sphaerites  are  found  in  the  bases  of  the  shaggy  hairs  (' Zottenfiisse ')  also 
in  the  Osbeckieae  and  Rhexieae.  Other  noteworthy  features  are  as  follows  : 
the  occasional  reduction  of  the  clustered  crystals  to  a  short  and  thick  soUtary 
crystal  (especially  in  Miconia  atrata,  Wawra  and  Ossaea  micrantha,  Macf.) ; 
the  presence  of  small  monoclinic  crystals  in  the  cells  containing  clustered 
crystals  in  Miconia  buddleioides,  Tr.  and  M.  trichotoma,  DC,  and  the  styloids, 
recorded  by  Gottschall,  in  Calycogonium  sqiiamtdosum,  Co^. 

The  hairy  covering  is  again  very  manifold  in  the  Tnbes  investigated  by 
Pal6zieux  and  Gottschall.    The  clothing  hairs  are  represented  by  the  same 

*  These  geoera  ftre :  AnpUctrum,  B$huria,  Clidemia^  Comstegia,  Dichaetanthera^  Dissoehaeta^ 
HenriittiUa,  Htiberia^  iMmdra,  Loreya,  Marumia,  Miconia^  Omphalepus,  Pachyloma,  Tetratygidy 
Tococa,  Vgprecolia, 

*  Gottadudl  mentions  the  oocnnenoe  of  cells  containing  clustered  crystals  and  causing  large  hemi* 
spherical  protuberances  on  the  upper  side  of  the  leaf  in  Heterotrichum  Eggcrsii,  Cogn.  and  H,  patens, 
Cogn.,  bnt  he  does  not  state  whether  they  belong  to  the  epidermis. 
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types  as  those  previously  enumerated  on  the  ground  of  the  older  investiga-> 
tions  (see  p.  361).  Unicellular  or  uniseriate  trichomes  are  also  rare  in  the 
Tribes  recently  investigated  (and  consequently  in  the  Helastomaceae  generally), 
Paldzieux  records  unicellular  and  uniseriate  clothing  hairs  in  Kibessia  echinata, 
Cogn.  and  uniseriate  trichomes,  the  cells  of  which  are  in  part  ventricose  and 
often  striulate,  in  species  of  Sonerila  and  VepreceUa,  while  Gottschall  describes 
unicellular  haks  in  Miconia  plumifera,  Tr.  var.  Bangi%  Cogn.  The  following 
modifications  of  the  uniseriate  hairs  are  found  : — ^trichomes,  the  ends  of  which 
develop  a  few  ray-cells,  among  which  a  club-shaped  multicellular  gland  is 
occasionally  (VepreceUa  mictophyUa^  Cogn.)  included  (species  of  Veprecella) ; 
and  trichomes  consisting  of  a  row  of  rounded  cells,  the  terminal  cell  being 
glandular  (Sonerila  obliqua^  Korth.  and  5.  secunda,  R.  Br.).  The  shaggy 
hairs,  like  those  formerly  observed,  are  either  parenchymatous  or  prpsenchy- 
matous ;  their  mode  of  insertion,  as  well  as  their  shape  and  length,  varies ; 
in  some  cases  they  are  bent  in  the  form  of  a  hook  and  they  may  have  the  shape 
of  a  short  awn  or  wart,  &c.  In  the  larger  types  of  shaggy  hairs  there  is  a 
vascidar  bundle  in  the  lower  portion  (speaes  of  Majeta,  Myrmidone  and 
Tococa).  Paldzieux  records  sha§^  hairs  with  a  papillose  epidermis  in  species 
of  Dichaetanthera^  DissotiSy  Osbeckia^  Rhodosepaki  and  Tristemma^  brush-like 
shaggv  hairs  in  species  of  Dtchaetanihera^  Dissotis^  Melastomay  Monochaetum 
and  OtatUheray  shaggy  hairs  of  the  abietiform  or  candelabra-type  in  species  of 
DichaetatUheray  Dissochaetay  DissotiSy  KibessiUy  Marumiay  Meriania  and 
OmphalopuSy  and  shaggy  hairs  resembling  the  leaf  of  a  moss  in  species  of 
DichaetatUhera  and  Mdastoma.  Gottscha^U  describes  the  following  types : — 
smooth  shaggy  hairs  composed  of  two  or  three  rows  of  prosenchymatous  cells, 
which  are  subdivided  by  two  or  three  thin  transverse  walls,  such  hairs 
commonly  bearing  a  glandular  head  at  their  apex  (species  of  Clidemia  and 
Tococa);  prosenchymatous  shaggy  hairs  with  a  papillose  epidermis  (species 
of  Clidemiay  CofwsUgiay  HenrieUeay  LeandrUy  Miconia  and  Ossaea) ;  prosen- 
chymatous shaggy  hairs  terminating  in  a  stellate  trichome  (species  of 
Conostegia  and  Leandra) ;  prosenchymatous  shaggy  hairs  of  candelabra-  or 
antler-like  form  (species  of  Clidemiay  Leandra  and  Ossaea) ;  parenchy- 
matous brush-like  shaggy  hairs  (species  of  Miconia  and  Tococa) ;  parenchy- 
matous shaggy  hairs  with  more  or  less  pronounced  dendroid  branching 
(species  of  Conostegiay  Leandra  and  Miconia).  The  different  forms  of  hairs 
just  referred  to  are  moreover  occasionally  (species  of  Clidemiay  Leandra, 
Miconiay  Ossaea)  seated  on  conical  prominences  of  varjdng  height  on  the  surface 
of  the  leaf,  while  small  shallow  pits  correspond  to  these  prominences  on  the 
lower  side  of  the  leaf.  The  hollow,  bristle-like  shaggy  hairs  of  Heterotrichum 
strigosunty  Tr.  still  require  special  mention ;  they  are  placed  with  their  tips 
pointing  towards  the  apex  of  the  leaf  and  are  adpressed  to  its  surface ; 
the  epidermis  of  these  hairs  is  formed  by  elongated  prosenchymatous  cells, 
beneath  which  a  layer  of  short  palisade-cells  is  situated,  while  the  interior 
of  the  hair  is  occupied  by  a  large  intercellular  space.  Regarding  the  stellate, 
tufted,  candelabra  and  peltate  hairs  observed  by  Pal6zieux  and  Gottschall 
we  may  mention  the  foUowing  details.  Pal^zieux  records  stellate  or  tufted 
hairs  with  a  short,  mostly  biseriate  stalk  and  a  varying  number  of  ray-cells 
in  species  of  Anplectruniy  Astronia  (probably  on  (x>gniaux's  authority  and 
not  on  the  basis  of  personal  observation),  Dissochaetay  Marumia  (trichomes 
occasionally  of  the  candelabra-type)  and  Omphahpus  (trichomes  likewise 
occasionally  resembling  candelabra-hairs),  while  peltate  hairs  occur  not  only 
in  the  plant  investigated  by  Bachmann,  which  belongs  to  Astronia  CandoUeana, 
Cogn.  (not  A,  papetaria),  but  also  according  to  (x)gniaux  in  many  species  of 
Astronia,  The  t}rpes  of  hairs  last  discussed  show  much  greater  diversity  of 
form  among  the  Miconieae,  where  they  are  often  connected  by  transitional 
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fofmsy  which  occur  even  in  the  same  species  or  on  one  and  the  same  leaf. 
Gottschall  in  the  first  place  mentions  stellate  hairs  with  a  short,  mostly 
biseriate  stalk  and  a  few  ray^cells,  which  occasionally  include  a  gland,  in 
species  of  Calycogonium^  Clidtmia^  ConosUgia^  Heterotricnum,  Leandra^  Majda^ 
Miconia^  MyrmULone^  Ossaea  (described  as  tufted  hairs  in  the  special  part  of 
Gottschall's  paper),  Tetrazygia^  and  Tococa.  The  following  are  special  forms 
of  the  stellate  hairs : — stellate  hairs,  in  which  the  ray-cills  are  swollen  in 
a  bulbous  manner  at  their  base  (species  of  Clidemia,  Miconia  campesiris,  Tr.) ; 
stellate  hairs  with  a  very  long  parenchjmiatous  or  prosenchymatous  stalk 
(species  of  Calycogoniuniy  Clidemia,  Miconia) ;  stellate  hairs  in  which  the 
basal  cells  of  the  comparatively  short  stalk  are  divided  into  compartments  by 
numerous  transverse  waUs  (species  of  Miconia) ;  stellate  hairs,  the  ray-cells 
of  which  have  narrow  lumina  and  a  serpentine  outline  (species  of  Cltdemia 
and  Miconia) ;  lastly,  the  pulvinate  stellate  hairs  of  Miconia  rugosa^  Tr.  and 
M.  iomeniosa^  Don,  in  which  the  basal  portions  of  the  cells,  which  radiate 
out  in  all  directions,  are  fused  to  form  a  hemispherical  cushion.  Trichomes 
described  by  Gottschsdl  as  tufted  hairs,  but  not  very  sharply  distinguished 
from  the  stellate  hairs  (apparently  only  by  the  larger  number  of  ray-cells), 
are  found  among  the  Miconieae  in  speaes  of  C^ycogonium^  Charianihus, 
Clidemia,  ConosUgia^  Miconia  and  Tetrazygia.  Candelabra-hairs  with  ray- 
cells,  which  are  horizontal  or  occasionally  even  point  upwards,  are  present 
in  species  of  CUdemia^  ConosUgia,  Miconia  and  Tdrazygia.  According  to 
Gottschall,  distinct  peltate  hairs  occur  in  Miconia  fulva,  DC.,  M.  lepidota,  DC. 
and  M.  ttHaefolia^  Naud.  (in  the  first  two  species  with  long  stalks ;  in  the 
third  species  with  stalks  of  varying  length),  and  in  Tetrazygia  bicolor,  Cogn. 
(in  small  pits  in  the  surface  of  the  leaf).  They  are  derived  from  tufted  hau^, 
in  which  the  upper  ray-cells  have  imdergone  reduction ;  these  abbreviated 
ray-cells  are  seated  on  the  top  of  the  shield,  and  in  some  cases  form  a  more 
or  less  distinct  small '  upper  scale,*  which  in  Af .  fulva  even  includes  an  external 
gland ;  in  the  same  way  the  uppermost  tier  of  cells  in  the  stalk  occasionally 
(M.  lepidota)  grows  out  to  form  a  small '  lower  scale.'  Tufted  hairs  resembling 
small  scales  occur  also  in  other  species  of  Miconia,  as  well  as  in  Calycogonium 
squamulosum,  Cogn.  and  HenrieUeUa  Macfadyenii,  Tr.  It  remains  to  mention 
that  all  the  diverse  forms  of  clothing  hairs  found  in  the  Miconieae  (with  the 
exception  of  the  hollow  shaggy  hairs  of  Heterotrichum  and  the  bristle-hairs  of  Co/y- 
cogonium  Krugiij  Cogn.,  and  a  few  species  of  Ossaea)  occur  also  in  combination 
with  glands ;  in  the  Tribes  investigated  by  Pal^zieux  such  combined  forms 
of  clothing  and  glandular  hairs  have  been  demonstrated  only  in  Veprecdla 
(see  above).    We  shall  return  to  these  intermediate  forms  once  more  below. 

The  following  details  may  be  mentioned  regarding  the  external  glands. 
The  species  belonging  to  the  Tribes  examined  by  Paldzieux  for  the  most  part 
have  small,  multicellular  external  glands,  which  are  either  clavate  or  exhibit 
a  distinctly  demarcated  stalk  and  a  multicellular  head.  Uniseriate  glandular 
hairs  in  which  the  cells  of  the  stalk  are  ventricose  and  frequently  striulate, 
are  found  in  SonerUa  ;  glands  with  a  long  stalk  and  a  bicellular  head,  divided 
by  a  vertical  wall,  occur  in  species  of  AUomorphia,  MediniUa  and  Oxyspora ; 
glandular  hairs  with  a  disc-shaped  head  divided  by  vertical  walls  in  Barthea 
chinensis.  Hook.  f.  (glandular  disc  composed  of  four  cells),  species  of  Huberia 
(glandular  disc  composed  of  a  larger  number  of  cells,  occasionally  with  a  lobed 
margin)  and  species  of  Graff enrieaa  (glandular  disc  placed  excentrically  on  the 
stalk) ;  vesicular  integumental  glands,  similar  to  those  found  in  the  Labiatae,  in 
Blastus  cochinchinensis,  I-our.  Pal^zieux  mentions  the  occurrence  of  glandular 
shaggy  hairs  only  in  species  of  Rhexia  and  SonerUa.  According  to  Gottschall,  the 
external  glands  found  in  the  Miconieae  exhibit  a  much  greater  diversity  of  shape. 
tJni-  or  biseriate,  filiform  external  glands  have  been  observed  in  species  of 
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HennetUa^  Miconia  and  Tetrazygia.    Quite  a  special  form  of  hair  is  constituted' 
by  the  uniseriate  retort-shaped  glands  (hydathodes  ?)  of  the  species  of  Bellucia ; 
the  ventricose  portion  of  thc^  glands  is  inserted  among  the  epidermal  cells  and  is 
divided  by  a  lar^e  number  of  thin  transverse  walls  into  low  and  broad  cells, 
which  pass  over  mto  cylindrical  cells  in  the  region  of  the  neck,  whUe  the  apex 
of  the  trichome  is  occupied  by  a  slightly  spherical  terminal  cell ;  the  cells  of 
the  neck  and  of  the  ventricose  portion  have  thick  walls  except  for  the  trans- 
verse walls  in  the  latter,  and  for  small  rounded  areas  which  remain  un- 
thickened  in  the  middle  of  the  transverse  walls  of  the  lower  cells  of  the  neck ; 
the  uppermost  cells  of  the  neck  and  the  terminal  cell  have  thin  walls.     Bent 
unisejriate  glandular  hairs  with  a  cylindrical  head  and  bearing  a  few  backwardly 
directed  papillae  at  the  point  of  bending  are  found  in  species  of  HenrieUMa^ 
Loreya,  and  Myriaspora ;  biseriate,  club-shaped  glandular  hairs  occur  in  species 
of  Calycogonium^  Clidemia,  Meter oirichum,  Majeta,  Miconia,  Myrmidone  and 
Tococa,    Here  we  may  also  include  glandular  hairs,  the  head  of  which  is  bent  in 
relation  to  the  biseriate  stalk  in  a  more  or  less  geniculate  manner,  while  the  stalk 
often  bears  one  or  more  ray-cells.    The  head  in  these  hairs  exhibits  the  following 
types  of  structure ;  it  is : — small,  oval  or  spherical,  either  unicellular  or  bicellular 
owing  to  the  presence  of  a  division- wall  in  the  plane  of  bending  of  the  stalk,  in 
species  of  Leandray  Meconium  (?,  cf.  Gottschall,  p.  137),  Miconia^  Ossaea  and 
Tetrazygia ;  ellipsoidal,  clavate  or  cyhndrical,  and  multicellular  in  species  of 
Calycogonium^  Clidemia,  Conostegia,  Heterotrichum^  Leandra  and  Tetfazygia\ 
Ugulate  and  bi-  to  multicellular  in  species  of  Clidemiaj  Leandra,  Miconia 
and  Ossaea ;  disc-shaped  and  multicellular  in  species  of  Conostegia ;  reniform 
to   spathulate  and  multicellular  in  species   of   Miconia  (in  certain  species, 
especially  Af .  quadrangtdariSy  Naud.,  the  stalk  bears  hairy  appendages  exhibit- 
ing denckoid  branching) ;  lastly,  cordate  and  multicellular  in  species  of  Leandra. 
Other  noteworthy  forms  are  constituted  by  external  glands  with  a  multi- 
cellular head  resembling  a  blackberry  in  shape  (species  of  Miconia  and  Tetra- 
zygia)  and  glands  in  which  four  or  more  multicellular  heads  are  borne  on 
a  common  stalk  (Calycogonium  sqtuimtdosum,  Cogn.  with  four  heads,  which 
are  fused  to  form  a  rosette ;    HenrieUeUa  Macfadyenii,  Tr.  with  2-5  heads, 
which  are  disc-shaped  and  include  gelatinized  cells  in  the  glands  situated 
above  the  veins  ;  species  of  Charianthus  with  a  varied  number  of  heads  corre- 
sponding to  the  number  of  rows  of  cells  in  the  stalk ;   Miconia  annulata,  Tr. 
with  several  reniform  or  spathulate  heads).    It  remains  to  mention  that  the 
two  basal  cells  of  the  stalk  in  the  glandular  hairs  of  certain  species  of  Miconia 
are  transversely  septate  by  means  of  a  large  number  of  walls.    To  return 
to  the  combined  dothing  and  glandular  hairs  found  in  the  Miconieae  we 
may  in  the  first  place  point  out  that  the  external  glands  are  very  commonly 
combined    with  stellate,   tufted,   candelabra,   and   peltate    hairs.      Smooth 
glandular  shaggy  hairs  with  a  terminal  external  gland  occur  in  species  of 
Clidemia,  HenrieUea,  Heterotrichum,  Majeta,  Miconia,  Myrmidone,  Ossaea  and 
Tococa;  the  gland  is  either  uniseriate  and  fiUform,  or  biseriate  and  club- 
shaped,  or  large  and  spherical  to  ellipsoidal  and  provided  with  a  palisade 
epidermis.     In  species  of  Majeta,  Myrmidone  and  lococa  the  stalk  of  these 
glands  contains  a  vascular  bundle,  whil«  in  Heierotrichum  Eggersii,  Cogn. 
and  Miconia  rhytidaphylla,  Naud.  it  includes  pitted  fibrous  ceUs.     Finally, 
shaggy  hairs  of  the  candelabra  type  provided  with  a  terminal  gland  are  found 
in  species  of  HenrieUea  and  HenrieUeUa, 

For  the  stnicture  of  the  ant-domatia  of  Majeta,  Myrmidone  and  Tococa,  see 
Gottschall,  loc.  dt,  pp.  27,  28. 

3.  Structure  of  the  Axis.    Formation  of  phelloid-cork  takes  place  also 
in  the  Mdastomaceae  (F.  E.  Weiss  and  Giinther,  U.  cc).    According  to  Van 
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Tieghem*  interxylary  phloem  is  found  also  in  the  wood  of  Jthe  root  in  MemccyUm 
ramifiorum. 

Liteiatare :  Went,  Haft-  tu  Nahrwnrzeln,  Ann.  Jardin  Boitenzorg,  xit,  1895,  p.  57.— Jonssoo, 
Anat.  Ban  d.  BL,  Acta  Univ.  Lund.,  zzzil,  2,  1896. — Pal^enz,  Anat.-Byst.  Untersnch.  d.  Bl.  der 
Melastom.  mit  Auasdilnss  der  Triben  der  MicroUdeen,  Tlboachbieen  mid  Miconfoen,  Boll.  Herbier 
Boissier,  vii,  1899,  App.  ▼ ;  Dus.,  Mnnich,  85  pp.,  3  Tab. — Gottschall,  Anat-qrsL  Untenoch.  d.  Bi. 
d.  Melastom.  ans  der  Tribni  der  Mioonieae,  M^m.  Herbier  Boinier,  1900,  n.  19;  Diss.,  Munich, 
175  PP*>  3  Tab.— Pitard,  PMcyde,  Th^,  Bordeaux,  1901,  p.  68.— Fabridus,  Lanbblatt*Anat., 
Bcih.  z.  bot.  Centralbl.,  xii,  190a,  pp.  328-29. — Giinther,  Anat.  d.  Myrtifloren,  Diss.,  Breslau,  1905, 
a6-27. — Holtermann,  Einflnss  des  Klimas  etc.,  1907,  pp.  134-135  {KendrickiOy  Afedimllay, — 
or  further  literature,  see  p.  11 71.] 
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LYTHRARIEAE  (pp..  369-373). 

1.  The  Review  of  the  Anatomical  Features  requires  the  following 
additions.  The  cork  is  for  the  most  part  differentiated  as  phelloid-cork.  There 
is  no  uniform  and  characteristic  type  of  stoma  in  the  Lythrarieae.  Gelatinized 
cells  are  occasionally  found  also  in  the  tissue  accompanjring  the  veins.  Oxalate 
of  Ume  is  excreted  also  in  the  form  of  sphaehtes  or  of  small  acicular  or  other- 
wise shaped  crystalline  bodies.  As  regards  the  hairy  covering  we  may  point 
out  that  small  external  glands  do  not  occur  in  this  Order,  that  short,  uni-  or 
bicellular  papillose  hairs  are  common,  and  that  slightly  branched  multiceQular 
clothing  hairs  are  present  in  Decodon  ;  the  tufted  hairs  found  in  Lagerstroemia 
are  accompanied  by  trichomes  exhibiting  sympodial  branching  or  resembling 
a  fir-tree.  To  the  previous  enumeration  of  special  features  given  at  the  end 
of  the  general  review  the  following  may  be  added : — ^the  occurrence  of  division- 
walls  in  the  epidermis  of  the  leaf ;  presence  of  hypoderm  in  the  leaf  (also  in 
species  of  Ginoria  and  Lagerstroemia) ;  formation  of  papillae  on  the  epidermis 
of  the  leaf  (also  in  species  of  Diplusodon  and  Lagerstroenna) ;  crystal-idioblasts 
with  clustered  or  solitary  cr)rstals  in  the  mesophyll ;  groups  of  cells  containing 
clustered  cr)rstals  in  the  mesophyll  (Pemphis) ;  occurrence  of  ordinary  soUtary 
crystals  (Lagerstroemia  lanceolata,  Wall.),  and  of  sphaerocrystalline  or  tufted 
masses  of  an  unknown  substance  (species  of  Decodon,  Diplusodon,  Heimia, 
Lagerstroemia,  Lythrum)  in  the  epidermis  of  the  leaf. 

2.  Structure  of  the  Leaf.  Eberlein's  recent  investigations,  on  wmch 
the  following  description  is  based,  deal  with  the  genera  Lythrum,  Woodfordia, 
Pleurophora,  Galpinia,  Pemphis,  Diplusodon,  Physocalymna,  Lafoensia,  Crenea, 
Nesaea,  Heimia,  Decodon,  Grislea,  Adenaria,  Ginoria,  Lagerstroemia,  and 
Lawsonia. 

The  statement  made  in  the  earlier  portion  of  this  work  that  there  is  no 
special  type  of  stoma  requires  modification  in  the  sense  that  stomata  of  a  special 
type  are  not  of  general  occurrence.  In  Lythrum  nummulariifolium,  Lois., 
however,  the  pairs  of  guard-cells  are  accompanied  by  three  neighbouring 
cells,  which  are  all  of  different  sizes ;  in  Pleurophora  and  Heimia  myrtifolia, 
Cham,  et  Schlecht.,  they  are  surrounded  by  three  ordinary  neighbouring  cells  ; 
in  Crenea  there  are  commonly  four  neighbouring  cells,  and  so  on ;  in  Lafoensia 
punicifolia,  DC.  and  Lagerstroemia  speciosa,  Pers.,  the  neighbouring  cells  are 
narrow,  while  in  Sonneratia,  according  to  Areschoug,  they  appear  arranged 
in  a  rosette.  The  stomata  are  either  absent  on  the  upper  side  of  the  leaf  or 
are  present  in  varying  numbers  ;  they  either  lie  on  a  level  with  the  epidermis 
or  are  slightly  raised  above  it,  or  are  depressed ;  occasionally  pairs  of  guard- 
cells  of  two  sizes  are  found  on  one  and  the  same  surface  of  the  leaf ;  in  some 
cases  (species  of  Diplusodon,  Heimia,  Lythrum,  Nesaea,  Pleurophora)  the 
stomata  are  placed  with  their  pores  directed  approximately  paraJlel  to  the 
principal  vein.    The  degree  of  thickening  presented  by  the  outer  wall  of  the 
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epidermis  and  the  varied  nature  of  the  cuticle,  which  is  occasionally  granular 
or  striated,  furnish  characters  for  specific  diagnosis ;  a  noteworthy  feature 
lies  in  the  occurrence  of  what  is  called  '  an  internal  granulation '  in  species 
of  Diplusodon,  Eberlein  demonstrated  gelatinization  of  the  epidermis  of  the 
leaf  in  certain  species  of  all  the  genera  investigated  by  him  with  the  exception 
of  Grislea  and  Woodfardia.  In  certain  species  of  Ginoria^  Lagerstroemia  and 
Pemphis  the  upper  epidermal  cells  undei^o  local  divisions  by  means  of  hori* 
zoatal  walls,  nypoderm  is  developed  on  the  upper  side  of  the  leaf  also  in 
Cinaria  Rokrii^  Kohne  (one-layered)  and  Lagerstroemia  lance<daia.  Wall. 
(i-2-lavered).  Typical  papillae  are  found  on  the  lower  surface  of  the  leaf  also 
in  Diphisodon  eptlobioides^  DC.  (papillae  here  short  and  pectinate,  and  serving 
as  centres  for  the  cuticular  striation),  as  well  as  in  Lagerstroemia  kypoleuca, 
Kurz,  L.  lanceolaia.  Wall,  and  £.  parviflara^  Roxb.  Ilie  mesophyll  varies 
from  bifacial  to  centric  in  structure.  Sclerenchyma  may  or  may  not  be  present 
in  the  veins.  In  species  of  Decodon^  Grislea^  Lagerstroemia  and  Physacalymna, 
even  the  smaller  veins  are  vertically  transcurrent.  In  the  larger  veins  the 
lower  ^oup  of  soft  bast  in  the  bicollateral  vasctdar  system  occasionally  exhibits 
reduction,  so  that  only  that  situated  on  the  upper  side  (the  inner  bast)  is 
strongly  developed.  Another  striking  feature  observed  in  certain  species  is 
the  occurrence  of  munerous  mechanical  elements  or  of  spiral  tracheae  with 
wide  lumina  in  the  wood  of  the  larger  veins.  Storage  and  termiaal  tracheids 
in  the  form  of  enlarged  pitted  cells  are  found  in  species  of  Crenea,  Dipiusodon, 
and  Lawsania.  Gelatinized  cells  occur  also  in  the  tissues  accompanying  the 
veins  in  species  of  Dipiusodon^  Lagerstroemia  (here  also  in  the  hypoderm) 
and  Nesaea. 

Oxalate  of  lime,  as  already  previously  stated,  is  generally  deposited  in 
the  form  of  clustered  crystals.  The  latter  vary  both  in  size  and  structure ; 
they  are  either  star-shaped  or  built  up  of  small  and  deUcate  needles ;  in  other 
cases  again  they  are  more  of  the  nature  of  sphaerites  or  consist  of  granular 
conglomerates  of  individual  crystals.  In  addition  to  these  forms  we  have 
typical  sphaerites  (especially  in  Pleurophora^  also  in  Grislea  and  Woodfordia)^ 
ordinary  solitary  crj^tals  of  the  rhombohedral  type,  or  presenting  some  other 
shape,  and  small  crystalline  bodies  assuming  the  shape  of  rods,  needles  or 
granules  ;  the  latter  are  found  both  in  the  mesophyll  and  in  the  integumental 
tissue  (in  species  of  Adenaria^  Decodon^  Diplusodon^  Heimia,  Lafoensia,  Law- 
sania,  Lythrum^  Nesaea,  Physocalymna,  Pleunyphara^  Woodfordia).  Other 
features  requiring  special  mention  are :  the  occurrence  of  small  groups  of 
ceUs  filled  with  small  clustered  crystals  in  the  mesophyll,  which  is  specially 
characteristic  of  Pemphis  (P.  acidida^  Forst.) ;  the  occurrence  in  the  mesophyll 
of  large  idioblasts,  containing  clustered  (species  of  Diplusodon,  Galpinia  and 
Nesaea)  or  large  soUtary  crystals  (Lafoensia  nummidariifolia^  St.  Hil.,  and 
certain  species  of  Lagerstroemia)^  these  idioblasts  in  some  cases  giving  nse  to 
transparent  dots  in  the  leaf  (in  Lagerstroemia^  Kohne's  '  foUa  glanduloso* 
punctata ') ;  lastly,  the  presence  of  relatively  large  soUtary  crystals  in  the 
epidermis  in  Lagerstroemia  lanceokUa^  Wall.,  these  crystals  being  enveloped 
by  a  cell-membrane  in  the  same  way  as  in  Rosanofif's  crystals.  Before  leaving 
the  discussion  of  the  modes  of  excretion  of  oxalate  of  lime,  we  may  refer  to  the 
sphaerocrystalline,  tufted  or  variously  shaped  masses  of  an  unknown  substance, 
which  Eberlein  observed  in  the  integumental  tissue  in  certain  species  of 
Decodon,  Dipiusodon,  Heimia,  Lagerstroemia  and  Lythrum  (in  Lythrum  both  in 
the  dried  and  in  the  living  leaf). 

Among  the  types  of  clothing  hairs  found  in  the  genera  recently  investi- 
gated, simple  unicellular  or  uniseriate  forms  are  a^ain  the  most  important. 
Short  q[nicellular  papillose  hairs,  which  are  occasionally  divided  into  two 
cells  by  a  transverse  wall,  are  very  common  (species  of  Adenaria,  Decodon, 
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Dipiusoiotiy  Grislea^  Ginoria^  Lagerstroemia^  Lytkrum^  Nesaea,  Pleuraphara^  Pkyso- 
calymna^  Woodfordia).  The  longer  hairs  occurring  m  this  Order  are  either 
unicellular  or  uniseriate ;  the  latter  may  have  thin  or  thick  division- walls,  and 
their  oHnponent  cells  are  occasionally  articulated  with  reference  to  one  another. 
The  surface  of  the  clothing  hairs  is  not  uncommonly  granular  or  verrucose. 
The  appearance  of  relatively  thin  transverse  and  longitudinal  walls  in  the 
lower  portion  of  the  bodj^  of  the  hair  in  Lagersttoemia  indica^  L.,  leads  to  the 
production  of  shaggy  hairs.  The  species  of  Lagerstroemia  belonging  to  the 
section  Trichopodium  have  branched  hairs.  In  L.  EnglenanOj  Kohne,  these 
hairs  are  of  sympodial  structure ;  their  main  stem  is  uniseriate  and  consbts 
of  a  varying  number  of  cells,  which,  with  the  exception  of  those  at  the  base, 
are  drawn  out  into  rays  emanating  in  various  directions  and  more  or  less  bent ; 
in  this  way  forked  or  antler-shaped  hairs  are  produced.  Among  these  trichomes 
we  may  mclude  certain  hairs  found  in  other  si)ecies  of  Lagersiroemia ;  the 
latter  are  either  tufted  or  abietiform  and  consist  of  a  uniseriate  stalk  and 
a  varjdng  number  of  tiers  of  cells,  which  are  drawn  out  into  rays.  Little 
branched  multicellular  clothing  hairs,  which  are  either  forked  or  antler-shaped, 
are  found  side  by  side  with  unbranched  trichomes  in  Decodon  veriiciUatus,  £11. 
In  some  cases  (Diplusodon^  Physocalymna)  the  surrounding  cells  are  prolonged 
on  to  the  clothing  hairs  after  the  manner  of  subsidiary  cells.  The  leaves  of  the 
species  of  Grislea  bear  black  glandular  dots  which  had  not  previously  been 
subjected  to  a  close  examination ;  according  to  Eberlein,  they  are  due  to 
shortly  stalked  external  glands  which  have  a  one-layered  wall  and  a  large 
intercellular  secretory  space  in  their  interior,  and  are  thus  quite  similar  to 
the  glands  found  in  the  genera  Adenaria  and  Woodfordia\  Small  extern^ 
glands  are  completely  wanting  in  this  Order.  Areschoug  mentions  the  occur- 
rence of  cork-warts  on  the  leaves  in  Sonneraiia  caseolaris,  £ngl.  and  5.  lanceo- 
lata,  Miq. 

3.  Structure  of  the  Axis.  Giinther  has  recently  examined  the  structure 
of  the  axis,  more  especially  with  reference  to  the  development  of  the  cork,  in 
the  following  genera :  Kotala,  Ammannia,  Peplis,  Adenaria,  Woodfordia, 
Cuphea,  Lytkrum,  Pleurophora,  Nesaea,  Heimia,  Decodon,  Crenea,  Ginoria, 
Pemphis,  Dipiusodon,  Lafoensia,  Physocalymna,  Lawsonia  and  Lagerstroemia, 
The  vascular  bundles  are  invariably  bicoUateral,  and  the  perforations  of  the 
vessels  are  always  simple.  The  groups  of  pericydic  fibres  are  occasionally 
united  to  form  a  ring  (species  of  Ammannia,  Dipiusodon,  Lafoensia).  In 
Lafoensia  VandeUiana,  Cham,  et  Schlecht.  the  transverse  section  shows  several 
mechanical  rings  composed  of  bast-fibres  intermingled  with  stone-cells.  In 
Lagerstroemia  and  Dipiusodon  the  cells  of  the  pith  are  strongly  sclerosed,  while 
in  Adenaria  floribunda,  H.  B.  K.  there  are  isolated  stone-cells  in  the  pith. 
According  to  Giinther,  the  concentric  arrangement  of  the  crystal-cells  (contain- 
ing solitary  or  clustered  crj^tals)  in  the  bast,  as  seen  in  a  transverse  section  of 
the  branch,  is  a  feature  deserving  special  notice. 

To  the  previous  account  (on  p.  372)  of  the  cork  we  may  add  the  following 
details.  The  cork  develops  in  '  deep  layers '  (probably  in  most  cases  in  the 
pericycle),  also  in  Crenea,  Cuphea,  Dipiusodon,  Ginoria  and  Heimia.  The 
cells  of  the  cork  are  for  the  most  part  tabular,  but  in  some  cases  they  are 
cubical ;  they  are  very  small  in  species  of  Ammannia,  Crenea,  Nesaea  and 
Peplis.  Giinther  distinguishes  the  following  four  types  of  differentiation  of 
the  cork.  Crenea  surinamensis,  Kohne  and  Peplis  Portula,  L.  have  a  single 
layer  of  cork,  which  may  be  regarded  as  an  endodermis,  while  on  its  outer 
side  there  is  a  massive  primary  aerenchyma.     Decodon  verticHlatus,  £11.  has 


*■  The  cause  of  the  *  folia  ntraque  pagina  nigro-pnnctnlata  *  found  in  Pemphis  madagascariensis, 
Kohne  still  remains  to  be  determined. 
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a  normal  many-layered  periderm,  on  the  outer  side  of  which  primary  aeren- 
chyma  is  again  strongly  developed.  Typical  cork  consisting  of  a  still  larger 
number  of  layers  is  found  in  Pemphis  acidula,  Forst.  and  Pleurophora  fungens^ 
Don.  In  the  remaining  members  of  the  Order,  investigated  by  Gunther,  the 
cork  contains  phelloid-cells  (see  also  J.  £.  Weiss,  loc.  cit.).  The  cells  given  off 
by  the  phellogen  on  its  outer  side  undergo  subsequent  division  by  means  of 
tangential  wans  so  that  each  gives  rise  to  three  cells  ;  of  these  only  the  middle 
one  develops  into  a  typical  cork-cell,  while  the  outer  and  inner  cells  retain 
their  cellulose-walls  (Lythrum)  or  become  lignified  {Cuphea,  Heimia)  or  sclerosed 
(in  the  remaining  genera).  In  the  fourth  type  small  intercellular  spaces  are 
generally  present  between  the  cells  of  the  periderm. 

Typical  (secondary)  aerenchyma  is  developed  also  in  the  floating  stems  of 
Nesaea  vertictUata  (Schrenk). 

4.  Structure  of  the  Root.  The  interxylary  phloem  in  the  wood  of  the  root 
of  Lythfum  Salicaria  is  not  given  ofE  by  the  camoium  on  its  inner  side,  but  arises 
by  a  process  of  secondary  diflerentiation  in  the  wood-parenchyma. — For  ^e 
structure  of  the  respiratory  roots  of  Sonneratia,  see  also  Westermaier,  loc.  dt. 
Among  the  results  of  bis  investigations  we  need  only  mention  that  there  are  no 
spicular  ceUs  in  those  parts  of  the  roots  which  are  embedded  in  the  mud  at  the 
bottom  of  the  water,  their  place  being  taken  by  special  elongated  cells  having 
thick  walls  and  acting  like  springs. 

Literatim :  Hohnel,  Gerberindea,  Berlin,  1880,  p.  137  et  sea.— Costantin,  Tiges  d.  pi.  aqnat,  Ann. 
sc.  nat.,  8^.  6,  t.  zix,  1884,  p.  387  et  seq.  and  pL  »▼. — [Scnrenk,  Float,  tissue  of  Nesaea^  Bull. 
Torrey  BoL  Club,  zvi,  1889,  pp.  315-33  and  pLxcv-vii;  abstr.  in  Bot  Centialbl.,  1890,  iii,  p.  laa] — 
J.  £.  Weiss,  KoikbUd.,  Doikschr.  bot.  Gesellsch.  R^;ensbiirg,  vi,  1890,  p.  6  et  seq.— Leisering, 
Interxylaiet  Leptom,  Diss.,  Berlin,  1890,  p.  30. — Kearny,  in  Contrib.  U.  S.  Nat.  Herb.,  v,  n.  5, 
1900,  p.  303  {Amtmmuid), — Westermaier,  Pneumatophoren,  Freiburg  i.  d.  Schw.,  1900,  53  pp., 
3  Tab. — ^Areschong,  Mangrovepfl.,  Bibl.  bot,  Heft  56,  1903,  pp.  67-9  and  Tab.  xi-xiii  {Sonneratia^ 
Pemphis), — Bargagli-Petmcd,  Legnami,  Malpiglua,  1903,  p.  355  {SomneratuC), — Kohne,  Lythraceae, 
in  Pflanzenreich,  Heft  17,  1903,  pp.  4,  5. — Eberlein,  Beitr.  z.  anat.  Charakt.  d.  Lythrar.,  Diss., 
Erlangen,  1904,  78  pp. — ^Areschong,  Trop.  vaxt.  bladbyggn.,  St.  Vet.  Akad.  Handl.,39,  n.  3.  1905, 
pp.  119,  1 30  and  Tab.  iii  and  xxii  {Laws&nid),  pp.  133-3  ^^^  '^^*  ^>i  ^^  {Lafoensia), — Giinther, 
Anat.  d.  Myrtifloren  mit  bes.  Benidcs.  d.  Lythrar.,  Diss.,  Breslau,  1905,  30  pp.,  esp.  pp.  5-30. — 
Piccioli,  Legnami,  Bull.  Siena,  1906,  p.  147. — Holtermann,  Einfluss  des  Kiimas,  etc.,  1907,  p.  93 
(J*emphu). — [For  further  literature,  see  p.  1 1 70]. 

ONAGRARIEAE  (pp.  373-376). 

In  the  summary  of  the  anatomical  features  of  the  Onagrarieae  given  at 
the  beginning  (p.  373)  of  the  former  description  the  statement  as  to  the  absence 
of  external  glands  must  be  cancelled.  The  simple  perforations  of  the  vessels 
are  accompanied  by  a  small  number  of  scalariform  perforations  in  ceilain 
members  of  the  Order.  The  cork  of  Trapa^  unlike  that  of  the  other  Onagra- 
rieae, develops  beneath  the  epidermis. 

An  account  of  the  structure  of  the  leaf,  stem,  and  root  in  this  Order  has 
been  published  also  by  Grosse,  whose  work  was  not  taken  into  consideration 
in  the  previous  description.  The  following  details  are  taken  from  his  paper 
as  well  as  from  the  other  new  literature.  The  closiu-e  of  the  stomata  in 
Trapa^  as  in  other  floating  plants,  takes  place  solely  by  means  of  the  cuticular 
ridges  on  the  guard-cells  (Haberlandt).  Raphides  are  found  also  in  Euchari- 
dium.  It  remains  doubtful  whether  the  small  prismatic  solitary  crystals, 
observed  by  NetoUtzky  in  the  apex  of  the  leaf  of  Isnardia  (LudwigM)  palustris^ 
L.,  are  of  constant  occurrence.  In  glycerine-preparations  of  the  leaves  of 
Oenothera  biennis,  L.,  NetoUtzky  met  with  yellowish  crystalline  deposits  of  an 
unknown  substance.  Side  by  side  with  the  raphide-sacs  one  occasionally* 
(e.g.  in'  EpUobium  hypericifolium,  Tausch)  finds  mucilage-sacs  containing  no 
raphides  or  occupied  only  by  a  small  number  of  short  needles.   The  imicellular 
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clothiiig  hairs  commonly  have  a  granular  or  verrucose  surface.  The  short 
club-shaped  unicellular  hairs  of  Oenothera  Ramanzovni,  Ledeb.  and  Clarkia 
fidcheUay  Pursh,  &c.,  as  well  as  the  rather  longer  unicellular  trichomes  of 
Oenothera  biennis^  L.,  in  which  the  apex  is  slightly  swollen,  have  thin  walls, 
are  filled  with  granular  contents  in  the  living  plant  and  probably  have  a  glandu- 
lar function  ;  short  club-shaped  trichomes  are  recorded  by  Netolitzky  also  in 
Circaea,  while  long  ones  are  stated  to  occur  in  EpUobium  (see  also  Theorin, 
loc.  cit.).  Structures  resembling  stipules  are  found  at  the  base  of  the  petiole 
in  Ludwi^ia  palustris^  Ell.,  and  in  the  species  of  Jussiaea  (Meehan),  but  they 
still  requure  careful  investigation.  In  Jussiaea  these  structures  are  somewhat 
flattened  and  ovate  and  have  a  green  colour  ;  they  do  not  contain  any  vascular 
bundles,  although  there  are  numerous  raphide-sacs,  and  they  dry  up  at  an 
early  stage.  The  '  secretoiy  receptacles '  described  by  Grosse  as  occurring 
in  the  axis  of  Trapa  are  probably  in  reality  a  local  pathological  formation  of 
cork.  According  to  Grosse,  carotin-crystals  are  present  in  the  tissue  of  the 
leaf  in  species  of  Jussiaea,  Godetia  and  Fuchsia,  Sclerenchjnna  is  developed  in 
the  veins  of  the  leaf  in  certain  species  of  Fuchsia,  but  is  otherwise  absent. 

Grosse  also  examined  the  structure  of  the  wood  in  the  herbaceous 
genera,  and  found  that  as  a  general  rule  they  show  features  identical 
with  those  which  I  demonstrated  in  the  woody  members  of  the  Order,  viz. 
narrow  medullary  rays,  vessels  with  simple  perforations,  and  wood-fibres 
bearing  simple  pits.  Grosse,  however,  mentions  the  occurrence  of  a  relatively 
small  number  of  scalariform  perforations  in  the  vessels,  in  species  of  Oenothera 
and  Godetia. 

In  many  members  of  the  Order  the  tissue  of  the  cork  includes  both 
suberized  and  unsuberized  (phelloid)  cells,  and  in  some  cases  (species  of  Fuchsia) 
there  is  a  regular  alternation  of  layers  of  cork-cells  and  phelloid-cells. 
These  phenomena  already  give  indication  of  the  tendency  to  develop  aeren- 
chyma,  a  tissue  which  H.  Schenck  has  observed  also  in  Epilobium  hirsutum,  L. 
According  to  H.  Schenck  the  aerenchjona  in  the  aerotropic  roots  of  Jussiaea 
is  developed  from  the  primary  cortex,  while  according  to  Grosse  it  is  subse- 
quently increased  by  the  development  of  an  aerench3ana  from  the  phellogen. 

Interxylary  ptiloem  has  recently  been  observed  by  J.  E.  Weiss  m  the 
stolons  of  Epilobium  angustifolium,  L.,  and  in  the  root  of  £.  hirsutum,  L., 
and  by  Grosse  in  the  root,  in  Epilobium  palusire,  L.,  further  species  of  Oenothera 
and  species  of  Gaura  and  Lopezia.  According  to  Leisering,  Chodat,  and  Fre- 
mont, the  interxylary  phloem  no  doubt  invariably  arises  from  the  wood- 
parenchyma  by  a  process  of  secondary  differentiation  (though  in  some  cases  it 
appears  verjr  soon  after  the  development  of  the  parench5mia  from  the  cambium), 
and  is  not  given  off  directly  by  the  cambium  on  its  inner  side,  as  was  formerly 
supposed. 

The  vascular  bundles  in  the  delicate  lateral  roots  of  Trai>a  show  a  very 
remarkable  structure  (Queva).  The  radial  vascular  system  exhibits  unipolar  dif- 
ferentiation, i.  e.  it  comprises  only  a  single  group  of  xylem  and  a  single  group  of 
phloem — a  tjrpe  of  structure  which  is  unique  among  the  Phanerop;ams.  Both  the 
wood-  and  bast-portions  are  very  much  reduced,  the  former  consisting  of  a  single 
trachea,  the  latter  of  3-10  soft-bast  elements. 

Literature :  Costantin,  Tiges  a^r.  et  soot.,  Ann.  sc.  nat,  s^r.  6,  t.  xri,  1883,  p.  68  et  seq. — 
[Meehan,  Pet.  glands  in  some  Onagrar.,  Proceed.  Acad.  Nat  Sc.  Philadelphia,  1886,  pp.  S4$^5o; 
abstr.  in  Jnst,  1886,  ii,  p.  705.]>-Haberlandt,  Spaltofin.  d.  Wasserpfl.,  Flora,  1887,  p.  10^— 
Lamounette,  Liber  interne,  Ann.  sc.  nat.,  sdr.  7,  t.  xi,  1890,  pp.  a6i,  a6a. — J.  £.  Weiss,  KoricbUd., 
Denkichr.  bot.  Geaellsch.  R^ensbnrg,  ▼!,  1890,  p.  ii  et  sea. — Grosse,  Beitr.  s.  Tergl.  Anat.  d. 
Onagrar.,  Diss.,  Eilangen,  1895,  67  pp. — [Parmentier,  in  M^m.  Soc.  d'^olation  Donbs,  1896, 
p.  537;  and  in  Le  Monde,  1896,  p.  29,  and  1897,  p.  i78.]^Ramaley,  Stem-anatomT  of  certain 
Onagrar.,  Bot.  Gazette,  xxii,  1896,  p.  239. — Schubert,  Parenchymscheiden,  Bot  Centialbl.,  1897,  iv, 
p.  i7.^Wollenweber,  Anat.  d.  SchwimmbL,  Diss.,  Freiburg  L  Br.,  1897,  pp.  3o~i.— Spanjer, 
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WaMcrtppantey  Bot.  Zeit,  1898,  i,  p.  45.— Leiiering,  Inteixylaref  Leptom,  Diss.,  Berlin,  1899, 
pp.  39-30. — Minden,  Wasserses.  Org.,  Bibl.  bot.,  Heft  46,  1809,  p.  44. — Keamy,  in  Contiibut. 
u.  S.  Nat.  Herb.,  ▼,  n.  5,  looo,  p.  297. — [Gnffroy,  Papilles  chez  fes  Epilobes,  Bull,  internat.  G^ogi. 


XJ.  b.  Nat.  Herb.,  ▼,  n.  5,  1000,  p.  a97.~[Giifiroy,      , 

Bot.,  1901,  p.  9.] — [L^veiu^  Monogr.  da  genre  OenatJksra  avec  la  collab.  pour  la  partie  anat.  de 
Geofiroy,  Le  Mans,  Fasc.  1,  1903,  13S  pp^  and  Fasc.  2,  i905.]^Qneya,  Radioellei  de  la  Mftcxe, 
Comptes  lendos,  Paris,  cxzxvi,  1903,  i.  Seiii.,pp.  8a6,  837;  see  also  BoU.  Soc  dliisL  nat.  Antnn, 
xri,  1903. — ^Theoiin,  Vazttricfaom.,  Arkiy  for  Bot.,  i,  15^3,  p.  160;  iii,  n.  5,  1904,  p.  11 ;  and  iv, 
n.  18,  1905,  pp.  19-30.— Col,  Faisceanz,  Ann.  sc  nat.,  »(r.  8,  t.  xx,  1904,  pp.  184-7  and  309-10. — 
Frddenfeldt,  Anat.  Band.  Wnrzel,  BibL  bot.  Heft  61,  1904,  pp.  64-6. — [Gerschon-Seliber, yM;r.naM 
nptns^  Diss.,  Halle,  1905,  54  pp. ;  also  in  Nova  Acta  Acad.  Leop.,  Ixxxiv ;  abstr.  in  Bot  CentralbL, 
cii,  p.  244.>--Giinther,  Anat.  der  Myrtifloren,  Diss.,  BresUn,  1905,  p.  37. — Netolitzky,  Dikotyle- 
dooenbL  (Rhaphiden),  1905,  pp.  39-53.— [For  additional  liteiatnre,  see  p.  11 71]. 


SAMYDACEAE  (pp.  376-378). 

1.  Review  of  the  Anatomical  Features.  The  stomata  either  have 
subsidiary  cells,  arranged  according  to  the  •Rubiaceons  or  Cruciferous  type, 
or  are  merely  surrounded  by  ordinary  neighbouring  cells.  Schizogenous 
secretory  cavities  are  found  also  in  Zudania ;  on  the  other  hand,  the  earlier 
record  of  their  occurrence  in  Lunania  pro  parte  must  be  canceUed.  As  regards 
the  hairy  covering  we  may  add  that  sunple  uniseriate  clothing  hairs  with 
thin  division-walls  are  of  occasional  occurrence,  while  unicellular  Malpighian 
hairs  are  found  also  in  Banara  guianensis,  Aubl.,  and  stellate  hairs  also  in 
B.  glauca,  Benth.  Additional  features  which  can  be  employed  in  specific 
diagnosis  are  as  follow :  the  occurrence  of  a  gelatinized  epidermis  in  the  leaf 
(only  in  the  monotypic  genus  Gerratdina) ;  the  presence  of  h3^derm  on 
the  upper  side  of  the  leaf  (species  of  Abatia,  Banara^  ByrsanthuSy  Cascaria^ 
Euceraeay  Homalium^  and  Zuelania) ;  idioblasts  occupied  by  small  clustered 
or  solitary  crystals  in  the  epidermis  of  the  leaf  (besides  occurring  in  species  of 
Homalium  and  Satnyda,  also  in  species  of  Bembicia^  Casearia^  Lunania^  Ophi<h 
boirys,  Osmdia^  Pyramtdocarpus  and  Zuelania) ;  the  occurrence  of  sclerenchy- 
matous  fibres  in  the  mesophyll  (species  of  Calantica^  Casearia,  Homalium^  and 
Zuelania) ;  and  lastly,  the  peculiar  silicified  structures  resembling  cystoliths 
found  in  the  mesophyll  of  Homalium  donquaiense^  Pierre. 

2.  Structure  of  the  Leaf.  Brandlein's  recent  investigations,  which 
deal  with  the  genera  enumerated  below  ^  have  furnished  the  following  facts. 
The  epidermal  cells  have  straight  or  undulated  lateral  margins.  The  structure 
of  the  cuticle  may  frequently  be  compared  with  the  markings  on  an  etched  glass 
plate,  so  that  in  these  cases  we  may  describe  it  as  '  etched ' ;  but  striation 
and  granulation  diso  occur.  The  outer  and  inner  walls  vary  in  thickness, 
the  latter  occasionally  presenting  a  swollen  appearance,  although  they  are 
gelatinized  only  in  Gerratdina  foliosa^  Oliv.  Marginal  pits  are  not  uncom- 
mon, and  the  same  statement  applies  to  the  occurrence  of  relatively  thin 
secondary  division-walls,  both  horizontal  and  vertical.  The  surface-view 
of  the  epidermis  is  particularly  striking  in  (a)  the  epidermis  of  the  leaf  of 
Banara  brasiliensis,  Benth.  (owing  to  the  penetration  of  the  thick  cuticle  into 
the  lateral  walls  in  the  form  of  strongly  developed  wedge-shaped  ridges), 
(b)  the  lower  epidermis  of  Banara  portoricensis^  Krug  et  Urb.  (here  the  stomata 
with  their  thm-walled  subsidiary  cells  appear  as  islands  in  the  remaining 
tissue,  which  has  thick  and  pitted  walls),  and  (c)  the  epidermis  of  Casearia 
densiflora^  Benth.  (the  lateral  walls  of  which  appear  thin  at  a  high  focus,  being 
provided  with  peculiar  lobes,  which  are  cimeate  and  have  a  narrow  base  and  an 


^  These  genera  are :  Tribe  i :  Casearieae :  Casearia,  ZueUmia,  OsmeHa,  Euaraea,  LunoHta^ 
Tetrathylacium^  Ophiobotrys,  Samyda ;  Tribe  a :  Banareae :  Banara,  Pyramtdocarpus ;  Tribe  3 : 
Abatieae:  Abatia,  Aphatrtma\  Tribe  4:  Homalieae:  Calaniica  (incl.  Bivinia),  Gerrardina, 
Disscmeria,  Homalium,  ByrsasUhus,  Btmdicia, 
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emarginate  apex ;  at  a  low  focus,  on  the  other  hand,  they  appear  straight, 
and  are  rather  thick  and  pitted).  The  occurrence  of  hypciderm  has  akeady 
been  mentioned  above ;  an  enumeration  of  the  species  in  which  it  is  foimd 
is  given  below  ^.  The  hypoderm  for  the  most  part  consists  of  a  single  layer  of 
ceUs,  aJthough  it  is  composed  of  three  or  four  layers  in  Homalium  totneniosum ; 
it  is  confined  to  the  upper  side  of  the  leaf.  In  Euceraea  nitida  the  cells  of  the 
hypoderm,  as  well  as  the  majority  of  the  cells  of  the  spongy  tissue,  are  provided 
with  hippocrepiform  thickenings  on  the  side  facing  the  middle  of  the  trans- 
verse section  of  the  leaf.  In  some  species  of  Casearia  and  Lunania  small 
numbers  of  stomata  occur  on  the  upper  side  of  the  leaf.  The  Cruciferous 
typ^  is  distinctly  differentiated  in  Osmdia,  and  the  Rubiaceous  type  in  Abatia 
(here  occasionally  ill-defined),  Banara^  Befpibicia,  ByrsatUhus,  Calantica^ 
Casearia,  Dissameria,  Euceraea,  Homalium,  Samyda  and  Zudania.  The 
structure  of  the  leaf  varies  from  bifacial  to  centric.  The  palisade-tissue  con- 
sists of  one  or  more  layers.  In  Abatia  there  is  invariably  a  single  layer  of 
paUsade-tissue,  which  exceeds  the  spongy  tissue  in  thickness.  An  indication 
of  arm-palisade-tissue  has  been  observed  m  the  third  palisade  layer  of  Casearia 
arguta,  H.  B.  K.,  while  the  cell-walls  in  the  lowest  palisade  layers  of  the  centric 
mesophyll  of  C.  corymbosa,  H.  B.  K.  show  peculiar  sinuations  appearing  as 
ridges  and  giving  rise  to  '  pseudo-pits.'  In  Homalium  racemosum,  Jacq.  the 
lowest  layer  of  the  mesophyll  presents  a  palisade-like  differentiation  and  is 
developed  in  the  form  of  conjugate  parenchyma  composed  of  short  cells.  The 
intercellular  spaces  of  the  spongy  tissue  vary  in  size,  and  the  walls  of  the  ceUs 
are  thickened  to  a  varied  extent.  In  many  species  of  Lunania  the  upper  layers 
of  the  spongy  tissue  are  rather  strongly  thidcened  and  filled  with  brown  con- 
tents, so  that  they  form  a  kind  of  middle  layer  in  the  leaf.  Peculiar  silicified 
protuberances  resembling  cystoliths  occur  in  Homalium  donquaiense,  where 
they  are  found  especially  in  the  palisade-tissue  and  correspond  with  one  another 
in  neighbouring  cells.  Tlie  vascular  system  of  the  veins  is  in  most  cases  provided 
with  a  thick  ring  of  sclerenchyma  (the  chief  exceptions  being  Abatia  and 
Apharema,  which  have  little  or  no  sclerenchyma) .  The  sclerenchyma  of  the  veins 
occasionally  exhibits  well-marked  stratification  of  the  wall  (species  of  Casearia 
and  Homalium)  or  consists  of  an  outer  envelope  and  a  detached  thickening  layer. 
In  the  species  enumerated  below  *  the  sclerenchjona  of  the  veins  branches  off 
into  the  mesophyll  to  a  varying  extent.  These  spicular  fibres  also  occasionally 
show  well-marked  stratification ;  in  some  cases  they  penetrate  as  far  as  the 
epidermis  and  may  even  continue  their  course  beneath  the  latter.  Brandlein 
observed  vertical  transcurrence  of  the  smaller  veins  (lateral  veins  of  the  third 
order),  which  in  some  cases  are  provided  with  perfect  plates  of  sclerenchsrma, 
in  species  of  Abatia,  Banara,  Byrsanthus,  Calantica,  Casearia,  Homalium  and 
Samyda. 

The  following  details  may  be  added  regarding  the  hairy  covering.  Uni- 
cellular clothing  hairs,  which  for  the  most  part  have  thick  walls  and  narrow 
lumina,  have  been  recorded  in  the  genera  Abatia,  Aphaerema,  Banara,  Bembicia, 


^  The  species  are :  Abatia  tomtnicsa,  Mart,  (locally) ;  Banara  guiafunsis^  Aubl.  (locally) ; 
Byrsanthus  sp.  (Demense,  Congo) ;  Casearia  BuUy  Gilg,  C.  comocladifolia.  Vent.,  C  corymbosa, 
H.  B.  K.,  C.  ghmerata,  Roxb.,  C\  graveolens,  Dalz.,  C.  ilicifolia.  Vent.,  C.  lucida,  Tul.,  C.  Meli- 
staurum^  Spreng.,  C.  mollis^  K.  Sch.  var.  glabra^  K.  Sch.,  C.  nitida^  Jacq.,  C.  rubiscens,  Dalz. 
(locally),  C  tomentosa,  Roxb.,  C.  Zenkerij  Gilg ;  Euceraea  nitida.  Mart. ;  Homalium  Barandae, 
Yid.,  H,  brevipcdunculatum,  Scott-£lL,  /f.  Deplanchei,  Warb.,  H.  macropterum,  Gilg,  H,  temen- 
tesum,  Benth.,  If.  vitiense,  Benth.,  If.  Zenkeri,  Gilg;  Zmlania  crenata,  Griseb.,  iaetieides, 
A.  Rich. 

'  Caiantica  cerastfolia,  Tnl. ;  Casearia  attenuata,  Rnsby,  C.  l(mgicuspidata,  Gilg,  C.  Seiloana, 
EichL  (short  fibres),  C.  syhrestris,  Sw. ;  Homalium  brivipeduncu/atum,  Scott-£ll.,  If,  micrantAum, 
O.  HofFm.,  If,  micrcpkv/lum,  O.  Hoffm.,  H.paniculatum,  Benth.,  If.  Parkeri,  Bale,  (short  fibres)^ 
H.  ureeoiatum,  Scott-Ell. ;  Zuelania  laetioides,  Rich,  (short  fibres). 
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CalafiHca^  Casearia^  Euceraea,  Homalium,  Osmelia,  Samyda,  Tdraikyladum 
and  Zudania,  while  uniseriate  hairs  which  are  septate  \>y  means  of  relatively 
thin  division-walls  occur  in  species  of  Casearia,  Samyda  and  Zudania.  The 
trichomes  of  Batktra  guianensis^  AubL  show  all  transitions  between  ordinary 
unicellular  hairs  and  Malpighiaa  hairs  with  equal  arms.  Diverse  types  of 
tufted  hairs  having  two  or  more  ray-cells  with  narrow  lumina  are  found  also 
in  Ahatia  botiviana^  Britt.,  A,  parviflara,  Ruiz  et  Pav.,  Banara  glaucUy  Benth., 
and  certain  Central  and  South  American  species  of  Casearia  belonging  to  the 
section  PUumba.  In  the  two  species  of  Ahatia  just  named  the  unicellular 
and  tufted  hairs  are  accompanied  by  other  types  of  tufted  hairs,  which  have 
a  longer,  multiseriate  shaggy  stalk ;  the  protrusion  of  a  certain  number  of  the 
superficial  cells  of  the  stalk  of  these  trichomes  into  rays  leads  to  the  production 
of  candelabra-hairs. 

There  is  no  oxalate  of  lime  in  the  leaf  in  Abatia^  Aphaerema^  Banara 
pyramidata,  Rusby  and  Casearia  aUenuata,  Rusby.  Small  crystal-idioblasts  are 
found  in  species  of  many  genera  ^ ;  they  occur  either  in  botii  upper  and  lower 
epidermis  or  only  in  the  one  or  the  other  and  are  either  isolated  or  arranged 
in  rows  or  ^oups ;  in  most  cases  each  of  them  contains  a  clustered  crystal, 
rarely  a  sohtary  crystal  (the  presence  of  solitary  crj^tals  is  indicated  in  the 
list  below  by  the  abbreviation  cr.).  The  crystals  are  occasionally  enclosed  in 
an  envelope  of  cellulose  after  the  manner  of  Rosanoff's  crystals,  or  they  may 
be  suspended  from  beams  of  cellulose.  Other  noteworthy  features  are :  the 
occurrence  of  complete  layers  of  cells  containing  clustered  crystals  in  the 
mesophyll  (species  of  Casearia  and  Homalium) ;  the  occurrence  of  relatively 
large  idioblasts  with  clustered  crystals  (species  of  Casearia)^  and  the  presence 
of  ceQs  exhibiting  one-sided  thickening  and  enclosing  solitary  crystals  ('  cris- 
tarque  '-cells),  in  association  with  the  sclerenchyma  in  the  veins  of  the  leaf 
(species  of  Casearia  and  Honudium), 

Secretory  cavities  have  been  demonstrated  in  Casearia  pro  parte,  Euceraea, 
Samyda  and  Zuelania.  Although  Bokorny  and  Warburg  record  secretory 
cavities  in  Lunania,  Brandlein  did  not  meet  with  these  or  any  other  t}rpes  of 
secretory  organs  in  any  of  the  seven  species  which  he  examined.  The  earlier 
statement  as  to  the  occurrence  of  secretory  cavities  in  Osmelia  (according  to 
Warburg)  also  requires  confirmation,  since  they  are  absent  in  Osmelia  Maingayi, 
King,  according  to  Brandlein.  According  to  Brandlein  (cf .  the  earlier  statements), 
all  the  species^ of  the  genus  Casearia  belonging  to  the  section  Piparea  (with  the 
exception  of  C.  eriophara^  Wr.),  as  well  as  C.  cuspidaia,  Gilg  and  C.  rubescens, 
Dalz.  (which  belong  to  the  section  PUumba),  are  characterized  by  the  absence 
of  secretory  cavities.  Brandlein  states  that  the  secretory  cavities  invariably 
have  a  distinct  epithehum.  Their  yellowish  and  strongly  refractive  contents 
are  soluble  in  alcohol,  so  that  they  are  of  the  nature  of  resin.  In  Casearia 
sylvestris,  Sw.  secretory  cells  occur  in  the  mesophyll  side  by  side  with  the 
secretory  cavities. 

^  Tiz. :  Bembicia  axillaris,  Oliv. ;  Casearia  diccUr,  Urb.,  C,  Buk,  Gilg,  C.  comodadifolia,  Vent, 
C.  c<nymbasa,  H.  B.  K.,  C.  dentata^  Eichl.  (cr.),  C.  estuUnta,  Roxb.,  C.  glomenUa,  Rozb.,  C. 
graveolenSf  Dale,  C.  gmanmsis,  Ruby,  C  Airta,  Sw.,  C.  UicifQiiay  Vent.,  C  LMiana,  Turcz.,  C, 
macrophyUa,  Vahl,  C.  Milistaurum,  Spreng..  C.  mollis,  K.  Sch.  yiw[,glabray  K.  Sch.,  C.  oblomgifoiiay 
Camb.,  C  obcvata,  Poepp.,  C,  ramijlorc,  VanI,  C.  rudescems,  Dalz.,  C,  tomemtcsa^  Roxb.,  C.  Vareca^ 
Roxb.,  C  Zenkeri,  Gilg;  Homalium  densiflorum,  Benth.  (or.,  side  by  side  with  clustered  crystals), 
H.foetidum,  Bentii.,  H,  fedicellatum^  Benth.,  H,  racemotum,  Jacq.,  H.  Racoubeat  Sw. ;  Lunania 
cuspidala,  Warh.,  L.  divaricaia^  Benth.,  Z.  dodecandra,  Wright,  Z.  iarvi^ora,  Sprace,  Z.  racomosa^ 
Hook.,  Z.  Sauvaliif  Griseh. ;  OpkiobUrys  Zenkeriy  Gilg ;  Osmelia  Maingii^fKmg ;  Pyramidocarpus 
Blackiij  Oliv.;  Samyda  gladrala,  Sw.,  S.  grandiflora,  Griseb.,  S,  rosea,  Sims.,  5".  semtlalafLH; 
Zuelania  cremaia,  Griseb.,  Z.  laeiiaides.  Rich. 

'  The  necies  are :  Casearia  Bri^hami,  Wats.,  C,  Commersouiana,  Camb.,  C,  deusi^ora,  Benth., 
C.  deutala,  £ichL,  C.  favUetms,  H.  B.  K.,  C.  laetioides,  Warb.,  C  laurifolia,  Benth.  (examined  by 
Harms)  C.  MaximiHani,  Eichl.  and  C,  Spruceana,  Benth. 
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3.  Structure  of  the  Axis.  Regarding  the  occurrence  of  a  composite 
and  continuous  ring  of  sclerenchyma,  which  also  includes  cells  with  U-shaped 
thickening,  in  the  pericyde  in  species  of  Casearia,  HotndUum  and  Samyda^ 
as  weU  as  of  an  interrupted  ring  in  the  pericycle  in  species  of  Banara  and 
Casearia^  see  also  Pitard,  loc.  cit. 

Litentwe :  Elfttmid,  IXdlpfl.,  Ber.  dentsch.  phaim.  Gctellsch.,  1897,  p.  iij^ — ^Pitard,  P^riqrcle, 
Thte,  Bordeaux,  i90i,pp.  67-92. — [Pitard,  Ast^p^ite,  Act.  Soc  Linn.  Bordeanx,  lyiii,  1903, 
p.  lii  et  seq.]— Briindlein,  Syst-anat  Untenach.  d.  Bl.  der  Samydaceen,  Benth.  et  Hook.,  Disa., 
Erlangen,  1907,  69  pp. 

TURNERACEAE  (pp.  381-383). 

Litoatnre :  Pitard,  PMcyde^  Thte,  Bordeaux,  1901,  p.  9a. 

PASSIFLORACEAE  (pp.  383-388). 

2.  Structure  of  the  Leaf.  Papillae  on  the  lower  side  of  the  leaf  are 
found  also  in  Passiflora  trifasciaia^  Lem.  (Knothe).  JumeUe  has  recently 
also  demonstrated  internal  secretory  receptacles  (see  p.  385)  in  the  axis  and 
leaf  of  the  newly  established  species,  Ophiocaulon  Finngavdense^  Dr.  de  Cast. 
He  describes  them  throughout  as  secretory  cells,  and  states  that  they  give 
rise  to  the  wax-like  or  more  properly  (as  he  points  out)  resinous  masses,  which 
are  repeatedly  mentioned  by  systematists  in  their  descriptions  as  covering  the 
different  parts  of  the  axis  in  the  species  of  Ophiocaulon. 

Extrafloral  nectaries  are,  according  to  Harms,  present  on  the  leaves  also 
in  PaschanthuSf  HoUrungia  and  Tetrastylis. 

Literatnre :  Anfiecht,  Extraflor.  Nekt.,  Diis.,  Ziirich,  1899,  p.  ao  et  seq.  {Passifiora  caerulta). — 
Pitard,  Pericycle,  Thhut,  Bordeaux,  1901 ,  pp.  39  and  77.— Knothe,  Unbenetzb.  BL,  Din.,  Heiddbeig, 
1903,  p.  14. — ^Jnmelle,  Paasiflore  k  r^sine,  Comptea  rendos,  Paris,  cxxxv}i,  19039  2  Sem.,  pp.  3o6-S. 
—Col,  Faiaoeanx,  Ann.  sc.  nat,  s^.  8,  t.  xx,  1904,  p.  109. — ^Paoli,  Eterofillia,  Nooto  Gtom.  bot 
Ital.,  xi,  1904,  p.  216. — [Harms,  in  Natiirl.  Pflanzenfam.,  Erg.-Heft  ii,  1907,  p.  334.] 

PAPAYACEAE  (pp.  388,  389). 

Literature :  A  translation  of  Schacht's  paper  will  be  found  in  Ann.  sc.  nat.,  s^r.  4,  t.  vtii,  1857, 
p.  164  et  seq.  and  pi.  vii,  viii. — ^Molisch,  Milchsaft  u.  Schleimsalt,  1901,  p.  60.— Areschoug,  Trop. 
vaxt.  bladbyggn.,  Sv.  Vet.  Akad.  Handl.,  39,  n.  2,  1905,  pp.  30-1  {Carted)* 

CUCURBITACEAE  (pp.  389-397). 

1.  Review  of  the  Anatomical  Features.  Glandular  hairs  with  rela- 
tively long  stalks  are  also  fomid  in  this  Order.  Extrafloral  nectaries  are  present 
on  the  leaves  in  certain  species.  The  bundles  of  intraxylary  phloem  become 
secondarily  changed  into  mversely  orientated  vascular  bundles  also  in  certain 
species  of  Coccinia,  Cucurbiia^  Kedrostis  and  McMhria.  In  the  older  parts 
of  the  axis  of  Adinostemma  biglandulosum^  A.  racemosum  and  Momordica 
Charantia  secondary  vascular  bundles  are  developed  from  a  secondary  meristem 
arising  in  the  endodermis. 

2.  The  Structure  of  the  Leaf  in  the  Japanese  species^  has  recently 
been  examined  in  detail  by  Yasuda.  The  epidermal  cells  in  these  species  are 
often  of  large  size  (the  largest  being  .07  mm.  in  diameter  in  Gymnostemma 

^  viz.  species  of  the  genera :  ActtM^stemma,  Benincasa,  CitrulluSt  Cuatmis,  Cucutbita^  Gymn^ 
sttmma,  Z^gptoHa,  Z«^,  Melothriay  Momordica^  Schizopepon,  TrichosanthiS,  The  species  in 
question  are  mentioned  in  the  text  above. 
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cissaides),  and  have  straight  or  undulated  lateral  margins.  In  Ttichosanthes 
cucumerdUes  the  epidermal  cells  on  the  upper  side  of  the  leaf  are  drawn  out 
into  blunt  conical  papillae.  The  stomata  are  either  present  on  both  sides 
(varying  in  number  on  the  upper  surface)  or  are  confined  to  the  lower  side  of 
the  leaf.  We  may  add  that  the  stomata  on  the  stem  are  commonly  situated 
at  the  apex  of  raised  pedestals,  formed  by  the  epidermal  cells  (Benincasa 
cenfera^  Cucurbiia  Pepo^  &c.).  For  the  occurrence  of  water-pores  in  the 
Cucurbitaceae,  see  Spanjer,  loc.  cit.  According  to  Yasuda,  the  nature  of 
the  vascular  system  of  the  midrib  may  be  advantageously  employed  for 
systematic  purposes.  He  mentions  the  foUowing  types :  A  single  vascular 
bundle  in  AcUnostemma  racemosum  and  Schizofepon  bryoniaefolius ;  two 
vascular  bundles,  viz.  a  large  one  with  a  small  strand  above  it,  in  Melothria 
japanica ;  one  lai^e  bundle  and  two  small  lateral  strands  in  Gymnostemtna  cis- 
sotdes ;  three  vascular  bundles,  viz.  a  large  one  and  two  small  bundles  situated 
vertically  above  the  former,  in  Benincasa  cerifera^  Cucumis  sativus  and  Lage- 
naria  vulgaris ;  four  bundles,  arranged  to  form  an  almost  right-angled  cross, 
the  lowest  bundle  being  the  largest,  in  Mamordica  Ckarantia^  species  of  Luffa 
and  Tfichosanlhes  ;  seven  vascular  bundles  forming  a  ring,  the  largest  bundle 
being  situated  below  while  the  remaining  strands  above  become  successively 
smaUer  and  show  a  symmetrical  arrangement,  in  Ci^uUus  vulgaris  and  Cucurbita 
Pepo.  Yasuda  met  with  oxalate  of  lime  only  in  the  older  stems ;  it  is  specially 
abundant  in  Mamordica  CharanHa^  where  it  occurs  in  the  form  of  solitary 
crystals  of  diverse  shape.  In  the  hairy  covering  Yasuda  distinguishes  uniseriate 
clothing  hairs,  which  are  pointed  or  blunt«  and  external  glands  with  stalks 
of  varying  length.  He  found  the  following  types  of  glands  :  shortly  stalked 
glandular  hairs  with  a  multicellular  ovate  head,  in  all  the  species ;  glands 
with  a  long  stalk  and  a  multicellular  ovate  head,  in  species  of  Benincasa^ 
CitruUus^  Cucumis^  Cucurbita^  Lagenaria,  Luffa,  Momordica,  and  Ttichosanthes  ; 
glands  with  a  lon^  stalk  and  a  head  showing  a  special  type  of  structure, 
the  head  being  unicellular  in  Ttichosanthes  cucumeroides,  bicellular  by  means 
of  a  transverse  wall  in  Cucurbita  Pepo,  and  lastly,  multicellular  with  the  two 
uppermost  cells  drawn  out  into  blunt  processes,  in  Benincasa  cerifera* 

In  connexion  with  the  subject  of  glandular  hairs  we  may  notice  that 
extrafloral  nectaries  occur  on  the  leaves  in  species  of  Abobra,  Adenopus, 
Alsomitra,  Bryonia,  Cephalandra,  Cucurbita,  FeuiUea,  Lagenaria,  Luffa, 
Momordica,  Sphaerosicyos,  Trianosperma  and  Trichosanthes ;  they  are  found 
either  on  the  entire  lower  surface  or  are  restricted  to  the  bases  of  the  leaves  ; 
in  some  cases  they  are  also  present  on  the  sepals  a^d  bracts,  the  latter  being 
sometimes  completd}^  transformed  into  nectaries  (see  Dutailly  and  Delpino, 
U.  cc).  These  nectaries  have  long  been  known  to  sj^tematists  and  biologists, 
but  have  not  yet  been  closely  examined.  In  the  same  way  the  '  folia  subtus 
glandulosa'  mentioned  by  Bentham  and  Hooker  in  species  of  Cephalandra 
and  Trianosperma  require  detailed  investigation ;  possibly  they  are  merely 
due  to  the  external  glands. 

Internal  secretory  receptacles  have  not  as  yet  been  recorded  in  this  Order. 
Hallier,  however,  informs  me,  that  he  has  seen  an  exudation  of  latex  from 
a  fruit  of  Trichosanthes,  which  had  been  cut  open  ;  so  that  Trichosanthes  may 
in  the  first  place  be  further  investigated  for  the  occurrence  of  secretory  organs. 

3.  Structure  of  the  Axis.  We  may  add  the  following  details  regarding 
the  occurrence  of  bicollateral  vascular  bundles  in  the  Cucurbitaceae.  Accord- 
ing to  Baranetzky  a  cambium,  which  produces  woody  tissue  externally,  appears 
at  the  outer  marcin  of  the  inner  soft  bast  in  Cucurbita  perennis  ( =C.  foetidissima, 
Kth.  ex  Syn.),  Bryonia  abyssinica  (=Coccinia  abyssinica,  Cogn.),  Rhynchocarpa 
dissecta  (=r  Kedrostis  africana,  Cogn.)  and  Zehneria suavis  (^Mdotkri<i  punctata, 
Cogn.).    The  vascular  bundles  Uius  produced  are  situated  at  the  periphery 
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of  the  pith,  and  exhibit  inverse  orientation  of  the  wood  and  bast ;  even  in 
the  thicker  stems,  however,  they  are  not  found  in  all  parts  of  the  transverse 
section.  We  may  further  note  that  the  intraxylary  phloem  in  some  cases 
(e.  ^.  in  Actinostemma  biglandulosum,  see  below)  only  appears  at  a  late  stage. 
This  leads  us  to  consider  the  anomaly  recorded  by  Fries  in  the  older  stems 
of  SiolnuUra  brasiliensis^  Baill.,  which  ultimately  results  in  the  appearance 
of  inversely  orientated  medullary  bundles  of  wood  and  bast,  devoid  of  vessels. 
Siolmaira  brasiliensis,  like  AlsomUra^  &c.,  has  ordinary  collateral  vascular 
bundles.  Secondarily,  however,  a  zone  of  cambium,  which  is  at  first  interrupted, 
but  subse(}uently  becomes  continuous,  is  developed  at  the  margin  of  the  pith  ; 
this  cambial  zone  first  produces  groups  of  phloem  internally  and  later  groups 
of  libriform  externally. 

Siohnaira,  like  the  other  members  of  the  Order,  shows  two  rings  of  vas- 
cular bundles  in  the  transverse  section  of  the  stem.  Of  these  the  bundles  of 
the  inner  ring  are  approximated  in  pairs,  while  those  of  the  outer  ring  are 
inserted  in  the  broad  primary  medullary  rays,  separating  the  paired  bundles 
of  the  inner  ring  from  one  another ;  the  outer  bundles  are  divided  into  two 
lamellae,  the  inner  ends  of  which  are  joined  together  so  that  they  appear  like 
the  arms  of  a  V,  which  is  open  towards  the  outside. 

According  to  Yasuda,  the  wood  contains  vessels  with  a  diameter  of 
•14—5  mm.,  and  formation  of  tyloses  is  of  common  occurrence. 

In  young  parts  of  the  axis  the  pericyde  contains  a  closed  ringof  scleren- 
chyma  composed  of  fibrous  cells,  but,  according  to  Yasuda  and  Pitard,  this 
ring  becomes  split  open  at  later  stages.  In  older  stems,  according  to  Yasuda, 
fibrous  sclerencnyma  is  occasionally  found  also  on  the  inner  side  of  the  vascular 
bundles.  Secondary  sclerenchyma,  composed  of  short  cells,  is  moreover 
conmionly  developed  on  the  inner  side  of  the  primary  sclerenchyma,  e.  g.  in 
species  ox  Actinostemma^  CUruUus^  Gymnostemma,  Luffa^  Melothrta^  Momordica, 
and  THchosatUhes,  In  the  species  of  Trichosanthes  the  secondary  sclerenchyma 
in  the  older  stem  forms  a  ring,  which  is,  however,  not  complete. 

The  outer  portion  of  the  primary  cortex  frequently  contains  well-dif- 
ferentiated collench3mia. 

Yasuda  observed  formation  of  cork  on  the  outer  side  of  the  sclerenchy- 
matous  ring  in  the  species  of  Trichosanthes. 

A  central  cavity  often  appears  in  the  body  of  the  jrith,  sometimes  (Benin^ 
casa  cerifera^  Cucurbita  Pepo,  Lagcnaria  vtdgaris)  even  in  youn^  stems. 

To  A.  Fischer's  synopsis  of  the  distribution  of  sieve-tubes  m  the  Cucurbi- 
taceae  we  may  add  that  according  to  Yasuda  entocydic  and  conmiissural 
sieve  tubes  occur  also  in  species  of  Actinostemma,  Gymnostemmay  Momordica, 
Schizopepon  and  Trichosanthes, 

The  following  details  may  be  added  regardinf  the  anomalous  stmcture  of 
the  axis  mentioned  above  as  occurring  in  species  01  Actinostemma  and  Momordica, 
The  structure  of  the  stem  of  Actinostemma  biglandulosum  may  first  be  considered 
(according  to  Wallace).  In  the  young  axes  there  are  two  rings  of  five  bundles  each, 
the  bundles  alternating  with  one  another.  The  inner  ring  consists  of  three  col- 
lateral bundles  with  wood  and  bast  and  two  phloem-bundles,  the  outer  ring  of  five 
collateral  bundles  of  wood  and  bast.  At  a  later  stage  the  bundles  of  both  rings 
become  bicollateral,  the  phloem-strands  having  in  the  meantime  developed  into 
collateral  vascular  bundles.  In  this  case  therefore  the  intraxylary  soft  bast  appears 
at  a  relativelv  late  stage.  At  the  base  of  older  stems  accessory  vascular  bundles 
are  developed  from  a  meristem  arising  in  the  endodermis,  i.e.  immediately  external 
to  the  ring  of  pericyclic  sclerenchvma.  These  vascular  bundles  show  a  radial 
arrangement  and  are  situated  on  the  outside  of  the  primary  bundles ;  they  ulti- 
mately become  bicollateral,  and  then  undergo  increase  in  the  normal  way  by  means 
of  a  cambium ;  to  the  naked  eye  they  appear  as  ribs. — Yasuda  records  the  develop- 
ment of  such  secondary  vascular  bundles,  which  are  visible  externally  as  ribs,  and 
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are  situated  on  the  outer  side  of  the  sclerenchyinatous  ring  also  in  old  stems  of 
AcHnostemma  racemosum  and  Momordica  Chatantia, 

Tondera  has  published  at  length  on  the  structure  of  the  tendrils;  he 
utilizes  the  fact  that  the  stalk  of  the  tendril  resembles  the  petiole  in  containing 
only  a  single  vascular  ring,  formed  by  the  leaf-trace  bundles  situated  in  the 
an|2:les  of  tiie  stem,  to  support  the  view  that  the  tendrils  are  metamorphosed 
leaves.    For  the  sensitive  pits  on  the  tendrils,  see  Haberlandt,  loc.  cit. 

Literature:  Dutailly,  l^cailles  ^andnlif..  Ball.  Soc.  bot.  Linn,  de  Paris,  n.  6,  1875. — [Arthar, 
Trichomes  of  Echinocystii  lobata^  Bot.  Gazette,  vi,  1881,  pp.  180-3,  ^  plj — Haberlandt,  £inkap- 
selang  d.  Protopl.,  Sitz.-Ber.  Wiener  Akad.,  xcriii,  Abt.  i,  1889,  pp.  190--8  and  Tab.— Lamonnette, 
Liber  interne,  Ann.  sc.  nat.,  s^r.  7,  t  zi,  1890,  pp.  240-53.— -TDrobnig,  WnrzelknoUen,  Diss., 
Rostock,  1893,  p.  29  et  seq.  {niadiantha,  Ecdai/ium).]—Togami,  Stomi,  Atti  1st.  bot.  Pavia, 
1^94-]— ^^t'Bn^*  Heilpfl.,  Ber.  deotsch.  pharm.  Gesellsch.,  1897,  p.  293  {Trioftaspfrma). — 
Spanjer,  Wasserapparate,  Bot.  Zeit.,  1898,  1,  p.  53. — Baranetzky,  Faisc.  bicollat.,  Ann.  sc.  nat., 
wtx.  8,  t  xii,  1900,  pp.  274-8  and  301-4. — Wallace,  Stem-stmctnre  oi  Actincsiemma  Hglandulosum, 


Ann.  of  Bot.,  xiv,  1900,  pp.  639-45  and  pi.  xxxiv. — Borzi,  Apparato  senso-mot.  dei  cirri  delle 
Cucurbit.,  Atti  R.  Accad.  Lincei,  Rendiconti,  x,  i.  SenL,  1901,  pp.  395-400. — Delpino,  Ore. 
caratterist.  di  ale.  Cncurbit,  Mem.  Accad.  Sc  Bologna,  Ser.  5,  ix,  1901-1902,  p.  383  et  seq.  and  Tab. 


i-ilL— Haberlandt,  Sinnesorg.,  1901,  pp.  126-32  and  Tab.  v. — Pitard,  Faisc.  liMr.  tert.  d.  tiges  des 
Cncurbit.,  Act  Soc.  Linn,  ^ideanx,  ivi,  1901,  pp.  dv-cviii;  and  P^ricycle,  These,  Bordeaux,  1901, 

SI.  46,  47.^Pollock,  Fibrovasc  bundles  in  the  root  and  hypocotyl  in  Echinocystis  Mfota^  Report 
ichigan  Acad.  Sc,  iii,  1901,  pp.  40-2.] — [Yasnda,  Comp.  anat.  of  the  Cucurbit  etc  (JapaneM), 
Bot.  Magaz.  Tokyo,  xv,  1901,  pp.  88-9 i.]--rBorzi,  Apparato  senso-mot  etc.,  Contribuz.  1st  bot. 
Palermo,  iii,  i,  1902,  pp.  1 19-76. J—Toodera,  Gefassbiindelsyst.  d.  Cucurbit.,  Sitz.-Ber.  Wiener  Akad., 
cxii,  Abt  1, 1903,  pp.  23-59  ^^  '^'^*  ^~^* — Yasuda,  Comp.  anat  of  the  Cucurbit  etc.,  Joum.  Coll. 
of  Sc  Imp.  Univ.  Tokyo,  xviii,  1903,  56  pp.  and  5  pi. — Col,  Faisoeanx,  Ann.  sc  nat.,  s^r.  8,  t  xx, 
1904,  pp.  205-6.— Faber,BikolL  Gefassb.  von  Cucurbita  Pepo,  Ber.  dentsch.  bot  Gesellsch.,  1004, 
pp.  296-303,  and  Tab.  xvi,  xvii.— [Nemic,  Starkescheide  d.  Cucurbit.,  BulL  int  Acad,  sc  Boheme, 
IX,  15^4,  12  pp.j—TBemet,  Obs.  anat  nouv.  sur  la  tige  des  Cucurbit.,  Bull.  Herb.  Boiss.,  3*  ser.,  v, 
190K,  p.  312  ;  and  Comptes  rendus  Soc  bot.  Geneve.]— -Fries,  Zwei  stldamerikan.  Lianen,  Botaniska 
Stn£er  tUlagn.  Kjellman,  Upsala,  1906,  pp.  89  and  especially  96  et  seq. 

BEGONIACEAE  (pp.  398-406). 

Literature:  Keller,  Lnftwurzeln,  Diss.,  Heidelberg,  1889,  pp.  17,  i8.~C.  de  CandoUe, 
Infloresc.  ^piphylles,  M^m.  Soc  de  phys.  et  d'hist.  nat.  Geneve,  1890,  vol.  suppl.,  sep.  copy, 
p.  20  et  seq. — ^Jonsson,  Anat.  Ban  d.  Bl.,  Acta  Univ.  Lund.,  xxxii,  2,  1896. — Minden,  Wassersez. 
Org.,  Bibl.  bot.  Heft  46,  1899,  p.  45. — Rechinger,  Trichome  d.  Gesneriaceen,  Osterr.  bot.  Zeitschr., 
1899,  Sep.  copy,  p.  2,  foot-note  2. — Haberlandt,  Lichtsinnesorg.,  1905,  p.  75. — Theorin,  Vaxttrichom., 
Arluv  for  Bot,  iv,  n.  18,  1905,  p.  8. 

DATISCEAE  (p.  406). 

Regarding  the  water-pores,  see  Spanjer,  loc.  cit. 

Literature:  Spanjer,  Wasserapparate,  Bot  Zeit.,  1898,  i,  p.  54. — ^Montemartini,  Stodio 
anat  soUa  Datisca  cannadina,  Annali  di  Bot.,  iii,  1905,  pp.  101-12  and  Tab.  xi,  xii. 

CACTEAE  (pp.  406-415). 

Regarding  the  differentiation  of  the  hypoderm,  see  also  Preston,  loc.  cit. 
He  records  a  hypoderm  of  6-7  layers  in  Echinocactus  Wislizeni^  Engdm.,  and 
one  of  12-14  layers  in  Cereus  giganteusy  Engelm. ;  he  also  mentions  the  occur- 
rence of  oxalate  of  lime  in  the  hypoderm  in  MammiUaria  Grahami,  Engelm., 
OpUfUia  arboreay  Engelm.,  0.  fidgida^  Engelm.  and  0.  phaeacantha^  Engelm. 
In  OpUfUia  fulgida  and  0.  lepU)catdis,  DC.  the  epidermis  contains  crystals 
which  in  the  case  of  0.  leptocaulis  are  fomid  in  special  idioblasts. 

The  peripheral  ground  tissue  is  frequently  differentiated  as  palisade«tissue, 
e.  g.  in  Cereus  giganteus. 

According  to  Preston's  statements  on  the  structure  of  the  wood  the 
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characteristic  elementary  organs,  described  under  the  name  of  tracheids, 
occasionally  occur  also  in  the  genus  Cereus  (C.  Fendleri,  Engelm.).  In  the 
species  just  named  narrow  zones  composed  of  spiral  vessels  alternate  in  trans- 
verse section  with  broader  zones  consisting  of  tracheids  with  a  flat  spiral  band. 
It  remains  doubtful  whether  these  tracheids  possess  a  lining  layer  of  proto- 
plasm and  a  nucleus  (cf .  p.  410)  during  the  whole  of  their  existence  or  whether 
such  contents  are  present  only  in  the  young  condition  (see  Darbishirey  loc.  cit.). 

To  the  remarks  made  on  p.  411  on  the  morphological  nature  of  the  thorns 
we  may  add  that  according  to  Rudolph  the  thorns  of  Opuntia  missouriensis 
are  neither  leaves,  nor  emergences,  but  merely  simple  trichomes. 

From  the  systematic-chemical  point  of  view  the  demonstration  of  saponin 
in  Cereus  gummosusy  Engelm.  is  interesting  (Heyl). 

Literature:  Keller,  Lnftwurzeln,  1889,  pp.  33-5. — ^liittmaim,  PflAnzenftacheln,  Verb.  bot.  Ver. 
Mark  Brandenburg,  1889,  p.  60. — Barber,  Corkr  czcreic.,  Ann.  of  Bot,  vi,  189a,  p.  166.— Lotbelier, 
Opines,  Thte,  Paris,  1893,  p.  41. — Ganong,  in  Bot  Gazette,  1895,  pp.  313-31.— Mattencd,  Placche 
ngberose,  Nnovo  Giom.  bot.  Ital.,  1897,  p.  334  et  seq. — K.  Scnnmann,  GeMjntbeschr.  d.  Cacteen, 
1899,  pp.  13-15. — Preston,  Root-system  of  certain  Cacteae,  Bot.  Gaxette,  1900,  pp.  34S-51. — 
Heyl,  Alkaloide  n.  Saponine  in  Cact,  Archiv  d.  Pfaarm.,  339,  1901,  p.  471. — Preston,  Struct, 
studies  on  Southwestern  Cact,  Bot  Gazette,  1901,  pp.  35-55  (spedes  of  Cereus ^  Echimcactus^ 
Mammittaria^  OfurUia), — [Bray,  Plants  of  the  Sotof  r^on,  Bull.  Torrey  Bot.  Club,  xxz,  1903, 
p.  631  et  seq.]— Rudolph,  Stachelbild.  bei  Cact.,  Oestenei(£.  bot.  Zcitschr.,  1003,  PP- 105-9  <^<1  '^^^'  ^ 
— Darbishire,  Mammiilaria  eUmgtUa,  Ann.  of  Bot.,  1904,  pp.  375-416  and  pi.  xxv,  xxvi. — Porschj 
Spaltoffnunfiistypus,  Jena,  1905,  pp.  119-33  and  Tab.  iv.— [Arcangeli,  Cereus  peruvianus,  Atti  del 
Cfongresso  dei  Natnzalisti  itiJ.,  Milano,  i9oi6,  p.  403  et  seq.  J 

FICOIDEAE  (pp.  415-419). 

According  to  Gulliver,  styloi<ls  occur  also  in  species  of  Mesembryanthemum. 

Literature:  Schubert,  Parenchymscheiden,  Bot.  Centralbl.,  1897,  iii,  p.  473. — Baccarini  e 
Scillamii,  GHnus  htoides,  Contribut.  1st.  bot.  Palermo,  ii,  1898,  pp.  83-139  and  Tab.  ix-xiv.— 
W.  Meyer,  Veigl.  Anat.  d.  Caryophyllac,  etc.  Diss.,  Gottingen,  1899  (TVi^Af win).— Brenner, 
Fettpfl.,  Flora,  1900,  pp.  398-403  {JlfesemdryaftiAemum).'^J66Xing,  in  Beih.  z.  Bot  Centralbl.,  xii, 
1903,  p.  141  (7>/<^^f«»i).— Kearny,  in  Contrib.  U.  S.  Nat.  Herb.,  v,  5,  1000,  p.  303  {Sesuvium).^ 
[Bergamasco,  Biol,  delle  Mesembr.,  Bull.  Orto  bot.  Napoli,  1^4,  jp.  105  et  se<^. ;  abttr.  in  Just, 

J904, ».  P-  71J5.]— [P»lg« 
397  {Glischrothamnus).\ 


1904, 1,  p.  715.]— [Pilger,  Neue  Gatt.  der  Aizoaceae,  in  Engler,  Bot  Jahrb.,  xl,  1908,  pp.  396^ 


4,  p.  i< 
r,  Bot. 


UMBELLIFERAE  (pp.  419-426). 

1.  To  the  list  of  anomalous  structures  enumerated  at  the  end  of  the 
Review  of  the  Anatomical  Features  we  may  add  the  fission  of  the  xylem- 
mass  in  the  axis  and  root  of  AzoreUa  Selago,  Hook.  fil.  The  very  rare  occur- 
rence of  glandular  hairs  may  also  be  mentioned  on  Siissenguth's  authority. 

2.  Structure  of  the  Leaf.  A  one-layered  hypoderm  is  developed 
above  the  lower  epidermis  in  Bupleurum  petraeum  (according  to  Briquet) 
and  B.  graminifoUum,  Vahl  (according  to  David).  The  upper  epidermis  is 
papillose  in  Bupleurum  falcatum^  L.  and  B,  motUanum  (David) ;  it  consists 
of  large  cells  in  Hermas  villosa  (Duboule).  The  mechanical  elements  in  the 
veins  of  the  leaf  are  coUenchjmiatous  or  sclerenchymatous. 

For  the  structure  of  the  septate  phyllode-like  leaves  of  Oxypolis  fUifarmis, 
Britt.,  see  Rennert ;  for  the  structure  of  the  leaves  of  AzoreUa,  see  Temetz, 
and  for  those  of  Hermas,  see  Duboule,  U.  cc. 

In  connexion  with  the  subject  of  oxalate  of  lime  (p.  421)  we  may  add 
that  according  to  Ad.  Meyer  and  Nestel  the  leaves  of  Aethusa  Cynapium,  L., 
Conium  mactdatum,  L.,  Seseli  Libanotis,  Koch  and  Trinia  glauca,  Reichb. 
contain  small,  sometimes  plumose  excretions,  which  occur  both  in  herbarium- 
and  alcohol-material.  Ad.  Meyer  considers  these  masses  to  be  hesperidin,  while 
Tschirch  looks  upon  them  as  consisting  of  a  new  substance  of  unknown  nature. 
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As  regards  the  hairy  covering  we  may  note  that  Bourdin  figures  simple 
uniseriate  clothing  hairs  in  OenatUhe  globosa^  L.,  while  Duboule  records  three- 
celled  clothing  h^rs  with  a  basal  ceU,  a  short  stalk-cell  and  a  long  terminal 
cell  in  Hermas  gigantea,  Siissenguth  states  that  he  has  observed  small  glandu- 
lar hairs  with  a  head  composed  of  2-4  ceUs  on  the  lower  side  of  the  leaf  of 
PimpineUa  Saxifraga. 

3.  Structure  of  the  Axis.  Among  the  species  having  medullary  vas- 
cular bundles  (cf.  p.  424)  we  may  include  Magydaris  panacifolia^  Lge.  (according 
to  Kiimmerle ;  this  species  has  numerous  bundles,  which  are  either  collateral 
or  concentric  with  central  phloem),  as  well  as  Apium  graveolens,  L.  and 
Hacquetia  EpipactiSy  DC.  (according  to  Nestel). 

According  to  Temetz,  AzoreUa  Selago^  as  already  mentioned  above,  exhibits 
fission  of  the  xylem-mUss  in  the  older  parts  of  the  stem  and  in  the  roots*  This 
anomaly  is  closely  related  to  the  anomalous  structure  of  the  root  previously 
known  to  occur  in  certain  species  of  OenatUhe,  &c.,  and  already  described  in 
section  4,  p.  425  ('  secondarv  transformation  of  the  fibrovascular  system  into 
concentric  vasciSdar  bundles  ),  although  it  has  quite  a  distinct  aspect  in  trans- 
verse section,  especially  in  the  older  parts  of  the  plant.  The  common  features 
of  both  types  of  anomaly  are  the  cleavage  of  the  original  fibrovascular  system 
and  the  appearance  of  secondary  meristems,  producing  wood  and  bast. 

According  to  Temetz,  the  fission  of  the  xylem-mass  in  the  axis  of  Azorella 
Selago  takes  place  as  follows.  In  the  young  axis  the  vascular  bundles  are  loosely 
arranged  in  the  normal  way  to  form  a  ring.  In  the  course  of  growth  in  thickness 
and  the  simultaneous  development  of  corl^  a  process  of  disorganization  is  started 
in  the  parenchymatous  ground-tissue  and  in  the  outer  portions  of  the  secondary 
cortex,  Doth  of  which  become  partly  transformed  into  a  kind  of  complementary 
tissue ;  at  the  same  time  clefts  are  formed,  which  have  an  approximately  radial 
course  and  also  penetrate  between  the  groups  of  wood  in  the  direction  of  the  pith. 
When  the  axis  has  attained  a  thickness  of  5-6  mm.,  meristematic  tissue  com- 
mences to  develop  in  the  region  of  the  xylem-mass,  viz.  alon^  the  radial  clefts 
and  on  the  inner  side  of  the  xylem-segments ;  this  meristematic  tissue  gives  rise 
to  a  parenchyma,  which  undergoes  dilatation.  The  appearance  of  secondary  meri- 
stems forming  wood  and  bast  in  this  parenchyma  and  their  junction  with  the 
normal  cambium  of  the  vascular  bundles  then  leads  to  the  development  of  a  kind 
of  polysteiy ;  in  consequence  of  further  cleavage,  however,  this  structure  soon 
becomes  disturbed  and  gives  way  to  a  maze  of  separate  segments  of  wood  and 
bast  irregularly  interwoven  with  one  another. — ^We  may  also  note  that  the  xylem- 
mass  of  Azorella  contains  only  '  annular  and  spiral  vessels '  and  no  reticulate  or 
pitted  vessels ;  apart  from  these  vessels  it  consists  solely  of  unlignified  parenchyma. 

4.  Structurs  of  the  Root.  In  Magydaris  panacifolia  the  older  roots  have 
a  structure  similar  to  that  found  in  OetMfUhe  crocaia,  the  transverse  section  show- 
ing two  rings  of  concentric  vascular  bundles  with  central  xylem.  The  mode  of 
development  of  this  structure  is  the  same  as  in  Oenanihe, 

literature :  Ad.  Meyer,  Anat.  Charaktere  offix.  Bl.  n.  Kriinter,  Abh.  naturf.  GeseUsch.  HaUe, 
T7,  i88a,  lep.  copy,  pp.  7-10.— Coftantin,  Tiges  a^r.  et  sont,  Ann.  sc  nat.,  s^r.  6,  t  xvi,  1883, 
p.  73  et  Mq.— Costantin,  Tiges  d.  pi.  aqnat.,  Ann.  sc.  nat.,  s^.  6,  t  xix,  1884, j>.  a87_et  se^.  and  pi. 


xvi.— Jadin,  Ofg.  s^cr^t,  ThSse,  Montpdlier,  1888,  p.  36  et  seq.— K.  Mulkr,  Frde  Gefassb.  in  den 
Blattstielen,  Sitz.-Ber.  natnrf.  Frennde  Berlin,  1890,  p.  131.— Lothelier,  Epines,  Thte,  Paris,  i8< 
p.  35  {Eryngium), — [Pohl,Pharmakognosie  d.  UmbeIIif.-Wiiizeln,  Lotos,  xiv,  1894,  pp.89-p8, 3  Tai 


Blattstielen,  Sitz.-Ber.  natnrf.  Frennde  Berlin,  1890,  p.  131.— Lothelier,  Epines,  Thte,  Paris,  1893, 
p.  35  (i^o^^'vm).— [Pohl,Pharmakognosie d. Umbellif.-Wnizeln, Lotos, xiv,  i8<h,  pp.89-p8, 3  Tab.; 
abatr.  in  Jnst,  1894,  i,  p.  484.]~Bonrdin,  Ombelliibes,  etc.,  Anat  comp.  de  la  fedUe,  Thise, 


Montpellier,  1897,  pp.  5i-87.-H[Briqnet,  Monogr.  des  Bnplenres  des  Alpes  maritimes,  Bftie  et 
Geneve,  1897, 131  ppr|— Briquet,  Th^orie  phyUodiqne,  etc,  Ball.  Herbier  Boissier,  v,  1897,  p.  335 
et  seq. — Schubert,  farenchymgcheidcn,  Bot.  Centralbl.,  1897,  iv,  p.  17. — Dnbonle,  Anat.  comp.  de  la 
feailUe  dans  le  genre  Hermas,  Arch.  sc.  phvs.  et  nat.  Gen^,  si^r.  4,  t.  im,  1 899,  pp.  446-80  and  pi.  iv ; 
also  in  BuU.  Labor,  de  bot.  g^n.  de  Geneve,  ii,  1899,  PP*  37-73.— Minden,  Wassersez.  Organe,  Bibl. 
bot..  Heft  46,  1899,  p.  33  (^«rMAi).*-Schleichert,  Xerophyten  bei  Tena,  Natnrwiss.  Wochenschr., 
1900,  p.  449  {Bupleurum),^T\komBMj  Fenilles  sont,  Thte,  Paris,  1900.— David,  itnde  anat. 
dn  jranre  BupUurum,  Th^,  Paris,  is^i,  95  pp. — ^[Goris,  Wnrzel  von  Asafoetida^  Jonm.  de  Pharm. 
et  Chimie,  1901,  n.  13  ;  abstr.  in  Jnst,  1901,  ii,  p.  37.]— [Holm,  Erigenia  bulbasa,  Americ.  Jonm. 
of  Sc,  xi,  1901,  p.  63.]— Pitard,  P^ricyde,  These,  Bordeaux,  1901,  p.  39.— KnoChe,  Unbenetzb. 
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Bl.,  Diss.,  Heidelberg,  1902,  p.  ai.— Kummerle,  Bdtr.  z.  Kenntnis  d.  Anat.  d.  UmbeUif.  {Magydaris\ 
Novenytani  Kozlemeoyek,  i<^a,  Hungarian,  sep.  copy,  18  pp. — [Petersen,  Bladnerr.  hos  arter  af 
slagten  Bupleurum,  Bot  Tidsskrift,  xxvi,  190a,  pp.  343-76.]--Temetz,  Morphol.  u.  Anat.  d. 
Azorellu  Selago,  Hook,  f.,  Bot  Zeit.,  190a,  pp.  i-ao  and  Tab.  i.— Modimkowski,  Veicl.  Untersach. 
d.  dem  Comum  macukUum  abnlichen  Umbellif.,  Zeitscfar.  allg.  ostexreich.  Apothdcerver.,  1903, 
n.  45-50,  sep.  copy,  ao  pp.--[Rennert,  Phyllodes  of  OxypolisjUi/ormu,  BulL  Torrey  Bot.Clnb,  xxx, 
1903,  pp.  403-11 ;  abstr.  in  Bot  CentralbL,  xcv,  p.  347.]— Theorin,  Vaxttrichom.,  Arkiv  for  Bot, 
>i  I903>  P-  160.— Col,  Faisceanx,  Ann.  sc.  nat,  s^r.  8,  t  xx,  1904,  pp.  1 73-9.— Freidenfeldt,  Anat 
Ban  d.  Wnrzel,  BibL  bot,  Heft  61,  1904,  p.  66.— Siissenguth,  Behaarongsverh.  d.  WUrzbniger 
Mnschdkalkpfl.,  Diss.,  Wiirzbnrg,  1904,  pp.  33-5.— Nestel,  Stengel-  n.  Blattanat.  d.  Umbellif.,  Diss., 
Ziirich,  1905,  ia6  pp.,  i  Tab.— Weberbaner,  Vegetat.  d.  Hochanden  Perns,  in  Engler,  Bot  Jahrb., 
xxxvii,  1905,  p.  60  et  seq. — [For  further  literature,  see  p.  1172.] 

ARALIACEAE  (pp.  426-432). 

1.  Review  of  the  Anatomical  Features.  The  recent  investigations 
on  the  structure  of  the  leaf  and  axis  undertaken  by  Giissow^  and  Viguier* 
render  a  number  of  additions  necessary.  The  superacial  development  of  the 
cork  in  the  stem  and  the  frequent  presence  of  collenchymatous  tissue  in  the 
primary  cortex  aie  features  characteristic  of  the  Order.  Oxalate  of  lime  is 
excreted  not  only  in  the  form  of  ordinary  solitary  and  clustered  crystals,  but 
occasionally  also  in  the  form  of  prismatic  crystals  of  varying  size  (epidermis 
of  the  leaf  of  Astrotricha)  and  of  typical  crystal-sand  (ApiopOalum^  Boerlagio- 
dendron,  Motherwellia,  Tetraplasandra),  According  to  (jiissow,  secretory 
cavities  are  found  in  the  mesophyll  also  in  species  of  Cussonia^  Eremopanaxp 
Hetetopanax^  Kissodendron  and  Pseudosciadium.  As  rejgards  the  hairy  covering 
we  may  add  that  unicellular  clothing  hairs  and  typical  external  glands  are 
wanting,  that  shaggy  hairs  occur  also  in  species  of  Kalopanax  and  Stilbocarpa, 
and  that  small  scale-like  trichomes  are  found  in  Oreopanax  xcdapensis^  Decne. 
et  Planch.  According  to  Giissow  (although  not  in  agreement  with  Viguier), 
medullary  vascular  bundles,  showing  varied  orientation  of  wood  and  bast, 
are  present  not  only  in  species  of  Aralia  and  Arthrophyllum^  but  also  in  species 
of  numerous  other  genera.  Certain  species  (especiallj^  those  of  Oreopanax), 
moreover,  are  distinguished  by  the  possession  of  cortical  vascular  bundles; 
for  detaJQs  on  this  point,  see  imder  the  structure  of  the  axis. 

According  to  Viguier,  the  genus  Aralidium,  in  which  both  Gussow  and 'Siguier 
found  no  resm-canals,  must  be  excluded  from  this  Order.  Special  anatomical 
features  recorded  in  this  genus  are :  small  cortical  vascular  bundles  exhibiting 
normal  orientation  ;  isolated  groups  of  bast-fibres  in  the  pericycle  ;  broad  meduUaxy 
rays  in  the  wood,  and  bundles  of  medullary  fibres. 

2.  The  Structure  of  the  Leaf  is  again  bifacial  in  most  of  the  species 
investigated  by  Gussow,  but  in  some  cases  it  merges  into  homogeneous-centric 
structure ;  isolateral  structure  with  palisade-tissue  situated  on  both  sides  of 
the  leaf  has  not  been  recorded  in  any  member  of  the  Order.  Arm-palisade 
tissue  occurs  also  in  Acanthopanax  sessiliflorus.  Seem,  and  Pseudopanax 
laetevirensy  Benth.  et  Hook.     The  intercellular  spaces  of  the  spongy  tissue 


^  Gussow's  investigations  extend  to  the  following  genera,  which  are  enumerated  in  the  serial  order 
of  Harms'  svstem:  I.  Schefflereae:  TupidantkuSf  PUrandra^  Tetraplasandra^  Reynoidsia,  PUro* 
iropia^  BoerlaguHUndr&n^  Trevesia,  Fatsia,  Tetrapanaxt  Merytay  Schefflera^  Oreopanax^  GiliUrtia^^ 
Hedera,  Brassaiopsis^  Gastonia^  Polyscitts,  Kissodendron^  Pseudopanax t  Macropanax^  Nothopanax, 
Cheirodendrcnf  Astrotricha^  Acanthopanax  JCalopanax,  Didymopanax,  Heteropanax^  Cussonia, 
Arthrophy/tum,  Eremopanax.  II.  Aralieae :  Pentapanax,  Motherwelliay  Aralia^  Stilbocarpa,  Panax^ 
Aralidium,  Horsfieidia  {^Harmsiopanax),  MyodocarpuSj  Delarbreay  Porospermum,  lU.  Mackin- 
layeae :  Mackimayay  Apiopetalumy  Pseudosciadium, 

'  Vigaier*s  work  is  essentially  concerned  only  with  the  differentiation  of  the  vascnlar  system  and 
the  distribntion  of  the  resin-canals  in  the  axis  and  petiole ;  his  investigations  were,  however,  idso 
undertaken  on  material  representing  very  numerous  genera. 
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are  usually  small,  although  in  some  cases  of  large  size.  Stomata  are  rarely 
found  on  the  upper  side  of  the  leaf  and  then  only  occur  in  small  numbers 
{Aralia  humilis,  Cav.,  Gastonia  cutispongia^  Lam.,  Tetrapanax  papyrifefy 
K.  Koch).  In  certain  species  of  MacropanaXy  Schefflera  and  TupidanthtiSy 
the  stomata  are  exceptionally  numerous,  so  that  the  lower  epidermis  is  formed 
entirely  by  the  stomata  with  their  subsidiary  cells.  The  pairs  of  gjuard-cells 
either  fie  on  a  level  with  the  epidermis  or  may  be  somewhat  raised  or  a  Uttle  sunk. 
Stomata  having  subsidiary  cells  arranged  according  to  the  Rubiaceous  type 
were  observed  by  Giissow  also  in  species  of  AraliUy  Astrotrichay  Cheirodendrony. 
EchinopanaXy  EremopanaXy  Fatsiay  Gastoniay  Mackitdayay  NothopanaXy  Oli- 
goscias  and  Psorospermum.  The  old  and  new  investigations  (see  below)  have 
shown  that  the  occurrence  of  hypoderm  on  the  upper  side  of  the  leaf  is  a  Very 
widely  distributed  feature  in  the  Araliaceae.  On  the  other  hand,  papillose 
differentiation  of  the  epidermis  is  not  frequently  found ;  to  the  previous  records 
we  may  add  the  slightly  papillose  protrusions  found  on  the  upper  side  in 
Reynoldsia  sandwicensiSy  A.  Gray,  on  the  lower  side  in  Polyscias  sambucifoliay 
Harms,  and  on  both  sides  in  P.  farinosay  Harms,  as  well  as  the  papillae 
present  on  the  lower  side  of  the  leaf  of  PetUapanax  parasiHcuSy  Seem. ;  the 
latter  resemble  those  of  Aralia  canescens,  Giissow  also  failed  to  meet  with 
gelatinization  of  the  epidermis  of  the  leaf  in  any  member  of  the  Order. 

Gussow  mentions  the  occurrence  of  tangential  division-walls  in  the  epidermis 
in  Nothopanax  diversifolius.  Harms,  and  of  a  one-layered  hypoderm,  which  is  only 
developed  locally,  in  certain  species  of  ArthrophyUumy  Oreapanax  and  Polyscias, 
He  further  records :  a  one-layered  hypoderm,  m  Arthrophyllutn  Blumeanumy  ZoU. 
et  Moric,  A.  diversifoliuniy  Bl.  (sphami.  *  auinquefolium  '),  Cheirodendron  Gaudi- 
chaudiiy  Seem.,  Cttssonia  spicata,  Thunb.,  o.  umbelliferay  Sond.,  Delarbrea  collinay 
Vieill.,  Didymopanax  vinosus,  March.,  Gastonia  duflicaUiy  Pet.-Thouars,  Giliberiia 
lauri folia,  March.,  Meryia  microcarpa,  Baill.,  Myodocarpus  pinnatus,  Brongn. 
et  Giis.,  Nothopanax  arboreus.  Seem.,  Reynoldsia  sandwicensis,  A.  Gray,  Schefflera 
tomentosa.  Harms,  Tetrapanax  papyrifer,  Koch;  a  1-2-layered  hypoderm,  in 
Cheirodendron  platyphyllum.  Seem.,  Eremopanax  otopyrenus,  Baill.,  Oreopanax 
Rusbyi,  Britt.,  Schefflera  Volkensii,  Harms ;  a  2-layered  hypoderm,  in  *  Aralia 
irifoliatay*  Didymopanax  Morototoni,  Decne.  et  Planch.,  Pterotropia  kavaiensis, 
HiUebr.,  Tetraplasandra  meiandra,  Hillebr. ;  a  2-3-layered  hvpoderm,  in  Tupidan- 
thus  calyptratus.  Hook.  f.  et  Th. ;  a  3 -layered  hypoderm,  in  Apiopetalum  velutinuniy 
Baill.  (cells  7-8  times  the  size  of  the  epidermal  cells) ;  a  4-5-layered  hypoderm  in 
Gastonia  cutispongia.  Lam. 

ViKuier  mentions  the  occurrence  of  hypoderm  also  in  the  following  species, 
which  have  not  been  named  in  the  precedmg  paragraph :  Apiopetalum  glabratum 
(3-4-layered),  Cussonia  vantsilanay  Eremopanax  Balansae  (2-layered),  Fatsia 
japonica  (locally),  Mackinlaya  macrosciadea  (3-layered),  Mesopanax  capitaium, 
Myodocarpus  crassifolius,  M,  floribundus,  Nothopanax  simplex  (locally),  Oreopanax 
Sanderi  (i-layered),  O.  xalapense  (2-3 -layered),  Pseudapanax  Lessonii,  Pterotropia 
dipyrena,  Schefflera  Humblotiana  (situated  on  both  sides,  and  composed  of  one 
or  two  layers  of  lignified  cells),  Sdadopanax  Grevei,  Tieghemopanax  Weinmanniae  ; 
Holtermann  also  records  hypoderm  m  Heptapleurum  emarginatum  (2-3-layered, 
as  in  H.  stellatum). 

Oxalate  of  lime  is  found  not  only  in  the  form  of  clustered  and  ordinary 
solitary  crystals,  but  also  as  crystal-sand  and  prismatic  crystals.  Cells  con- 
taining crystal-sand  have  been  observed  in  the  mesophyU  in  Apiopetalum 
velutinumy  Baill.,  Boerla^dendron  Warburgiiy  Harms,  Motherwellia  haplo- 
sciadeuy  F.  v.  Miill.  and  Tetraplasandra  meiandray  Hillebr. ;  the  crystal-sand 
is  composed  of  fine  grains,  and  includes  clustered  crystals  in  the  species  of 
Boerlagiodendron  and  Tetraplasandra  just  named.  The  clustered  crystals 
found  in  the  pith  are  occasionally^  grumose,  while  those  in  the  mesophyU  in 
some  cases  attain  a  considerable  si2e.    Ordinary  sohtary  crystals  are  of  much 
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more  frequent  occurrence  than  was  formerly  supposed.  The  epidermis  of  the 
leaf  contains  clustered  oystals  also  in  Acanth&panax  sessUifhrus,  Seem,  and 
Pseudosciadium  Balansae^  Baill.,  the  above-mentioned  prismatic  crystals  in 
species  of  Astrotricha^  and  ordinary  solitary  crystals  in  Eremopanax  otopyrenus^ 
Baill.y  as  well  as  in  Acanthopanax  ricinifMus^  S.  et  Z.,  ArthrophyUum  diversi- 
folium,  Bl.  and  Kalopanax  ndnifoUus^  S.  et  Z.  (in  the  last-named  species  in  the 
epiderm  is  covering  the  veins  of  the  leaf).  Clustered  crystals,  lastly,  are  found 
also  in  the  hypoderm  in  ApiopeUdum  veltdinum,  Chtirodendran  piatypkyllum, 
Polyscias  farinosa  and  Tupidanthus  calyptraius. 

We  have  next  to  consider  the  secretory  canals  found  in  the  veins  of  the 
leaf  (see  p.  428).  According  to  Giissow,  they  are  confined  to  the  midrib  also 
in  Acanthopanax  peniaphyllus,  March.,  ArdUa  dasyphylla,  Miq.,  A.  humilis, 
Cav.,  Cussonia  spicata,  Thunb.,  and  Peniapanax  angdidfolitis,  Griseb.,  while 
they  appear  to  be  absent  in  the  leaves  of  Polyscias  farinosa.  Harms,  P,  sambuci- 
folia.  Harms,  Pseudopanax  laeievirens,  Benth.  et  Hook.,  and  P.  valdiviensis, 
Benth.  et  Hook.  According  to  Giissow,  secretory  cavities^  resembling  those 
of  GUibertia,  but  of  small  size,  are  found  in  the  mesophyll  in  Cussonia  umbMi- 
fera,  Sond.,  Eremopanax  otopyrenus,  Baill.,  Heteropanax  fragrans.  Seem., 
Kissodendron  ausiralianum.  Seem,  and  Pseudosciadium  Balansae,  Baill. ;  they 
do  not  give  rise  to  transparent  dots^.  GUibertia  protea.  Harms  (see  p.  429), 
which  (fififers  from  the  other  species  of  the  genus  in  not  having  secretory 
cavities,  is  placed  by  Viguier  in  the  new  genus  Mesopanax,  which  also  includes 
certain  species  of  Oreopanax, 

The  most  important  feature  of  the  hairy  covering  is  the  absence  of  uni- 
cellular hairs  and  of  typical  external  glands.  Giissow  records  shaggy  hairs 
(the  terminal  cells  of  which  are,  however,  not  glandular)  in  Acarmopanax 
SessilifoliuSy  Seem.,  Aralia  nudicaulis,  L.,  Kalopanax  ricinifolius,  S.  et  Z. 
and  StUbocarpa  polaris,  Decne.  et  Planch.  Two-armed  hairs,  like  those  of 
Didymopanax  longepetiolatuSj  are  found  also  in  D.  Moroiotoni,  Decne.  et  Planch, 
and  D.  vinosus,  March.  According  to  Giissow,  tufted  and  stellate  hairs  are 
widely  distributed.  Scale-like  trichomes,  having  the  same  structure  as  the 
peltate  hairs  of  Hedera  Helix,  but  small  and  orange-coloured,  occur  in  Oreo- 
panax xalapensis,  Decne.  et  Planch.,  while  uniseriate  clothing  hairs,  which 
have  thin  walls  and  are  occasionally  branched,  are  found  in  Kalopanax  ridni- 
folius,  S.  et  Z.  Viguier 's  statements  about  the  trichomes  are  too  vague  to 
demand  further  consideration. 

The  petiole  (cf .  p.  430)  has  recently  been  subjected  to  a  very  thorough 
investigation  by  Viguier.  The  normal  vascular  bundles  of  the  petiole  are 
generally  arranged  in  a  ring,  rarely  in  the  form  of  a  horseshoe  (as  in  Pseudo- 
panax pro  parte,  or  Apiopetalum).  They  are  either  quite  distinct  from  one 
another  or  are  united  by  an  inner  or  outer  ring  of  sclerenchymatous  fibres ; 
in  some  cases  (as  in  Tupidanthus)  they  are  embedded  in  a  special  ring  of 
lignified  parenchymatous  tissue.  The  number  of  bundles  is  for  the  most  part 
relatively  large,  but  in  Astrotricha  ledifolia  there  are  only  three  vascular 
bundles,  which  almost  touch  one  another.  In  Oreopanax  §  Digitatae,  and 
Macropanax  the  vascular  bundles  of  the  normal  ring  are  alternately  large  and 
small.  Other  anatomical  features  of  the  petiole,  which,  besides  those  already 
named,  are  employed  by  Viguier  for  purposes  of  classification,  are  as  follows  : 
the  occurrence  of  subepidermal  coUenchymatous  tissue ;  cambial  activity  in 
the  vascular  bundles  of  the  normal  ring  (particularly  marked  in  Delarbrea 
spectabilis) ;  the  distribution  and  size  of  the  resin-canals ;  the  occurrence 
of  a  central  lacuna;    and  lastly,  the  development,  structure,  number,  and 


Vigaier  (loc  cit.)  does  not  meDtion  these  features. 
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arrangement  of  the  medullary  vascular  bundles.  As.  regards  the  latter  we  may 
note  that  in  some  cases  there  is  only  a  small  central  Dundle (e.g.  in  Anomo- 
Panax  and  Pseudosciadium) ;  in  other  cases  there  is  a  ring  of  medullary 
bundles  showing  inverse  orientation  of  the  wood  and  bast  (e.  g.  in  Aralia, 
Arikrophyllum,^  Kissodendron,  and  Peniapanax),  or  a  normally  orientated 
ring  of  medullary  bundles  with  the  xylem-groujps  pointing  inwards  (e.  g.  in 
Cussonia  and  GantbUa)  or  medullary  bundles  showmg  an  irregular  arrangement 
of  the  wood  and  bast,  and  so  on. 

Viguier  records  medullary  vascular  bundles  in  the  petiole  in  the  following 
genera:  Anomopanax  (i  vascular  bundle),  Apiopetalum  (some  of  the  bimdles 
mversely  orientated,  others  irregularly  arranged),  Atalia  exd.  A,  ferox  (rachis 
contaimng  a  single  ring  of  inversely  orientated  bundles),  Arthraphyllum  (single 
ring  of  inversely  orientated  bundles),  Boerlagiodendron^  Brassaiapsis  (single  ring 
of  irregularly  arranged  bundles),  Cuphocarpus  (numerous  irregularly  arranged 
bundles),  Cussonia  (single  ring  of  normally  orientated  bundles),  Dtdymopanax 
(a  few,  more  or  less  coalescent  bundles),  Dixy^oiheca  (outer  bundles  inversely,  inner 
bundles  normally  orientated,  or  two  rings  of  mversely  orientated  bundles),  Eremo- 
Panax  (numerous  scattered  bundles  in  the  petiole),  Gambha  (single  ring  of  normally 
orientated  bundles),  Gastonia  (numerous  bundles  exhibiting  varied  orientation ; 
some  of  them  concentric  with  central  phloem),  GiliberHa  pro  parte  (a  few  small 
inversely  orientated  bundles),  Heterapanax  (rachis  with  a  single  ring  of  inversely 
orientated  bundles,  which  are  intercalated  between  the  bundles  of  the  normal  ring), 
Kissodendron  (single  ring  of  inversely  orientated  bundles),  Mackinlaya  (irregulany 
and  inversely  orientated  bundles),  Meryta  (numerous  irre^larly  arranged  bundles), 
Mesopanax  (a  few  irregularly  arranged  bundles  or  a  single  rmg  of  inversd^r  orientated 
bundles),  Myodocarpus  (numerous  irre^^ularly  arranged  bundles,  occasionally  not 
prominently  developed),  Octotheca  (hke  Dizygotheca),  Oreapanax  (  Digitatae 
(single  ring  of  inversdy  orientated  bundles),  Pentapanax  (single  ring  of  inversely 
orientated  bundles),  Plerandra  (normally  orientat^  bundles),  Polyscias  (few  or 
many  irregularlv  arranged  bundles),  Pseudopanax  pro  parte  (three  small  normally 
orientated  bundles),  Pseudosciadium  (one  bundle),  Pterotropia  (one  or  two  large 
bundles),  Schefflera  (one  or  two  rings  of  inversely  orientated  bundles),  Sciadopanax 
(a  few  small  bundles),  Strobilopanax  (like  Meryta),  Tetrapanax  (somewhat  irregu- 
larly arranged  bundles),  Tetraplasandra  (many  irregularly  arranged  bundles), 
Tieghemopanax  (numerous  irregularly  arranged  bundles),  Trevesia  (some  of  the 
bundles  mversely  orientated),  Tuptdanthus  (some  of  the  bundles  with  varied 
orientation,  others  inversely  orientated).  On  the  other  hand,  Viguier  states  that 
medullary  vascular  bundles  are  absent  in :  Acanthopanax,  Atalia  ferox.  Astro- 
tricKa,  Bonnierella,  Cephalaralia,  Cheirodendron,  Delarbrea,  Echinopanax,  Fatsia, 
Gilibertia  pro  parte,  Hedera,  Macropanax,  Nothopanax,  Oreopanax  .  {  Lobatae, 
Panax,  Pseudopanax  pro  parte,  StUbocarpa. 

According  to  Viguier,  meduUarv  resin-canals  are  found  in  the  petiole  in : 
Acanthopanax,  Anomopanax,  ArihropkyUum,  Cheirodendron,  Cuphocarpus,  Cussonia, 
Delarbrea,  Didymopanax  pro  parte,  Disygofheca,  Eremopanax,  Gastonia,  Hetero* 
panax  (rachis),  Kissodendron,  Mackinlaya,  Macropanax,  Meryta,  Myodocarpus, 
Oreopanax  pro  parte,  Pentapanax,  Plerandra,  Polyscias,  Pseudosciadium,  Ptero- 
tropta,  Schefflera  pro  parte,  Sciadopanax,  Tetrapanax,  Tetraplasandra,  Tieghemo- 
panax,  Trevesia  pro  parte,  Tupidanthus.  Regarding  the  arrangement  and  size  of 
the  resin-canals,  see  loc  dt. 

The  ireen  spots  occurring  on  the  petioles  and  on  the  veins  of  the  leaf  in  many 
spedes  of  Meryta  are  due  to  a  local  interruption  of  the  subepidermal  layer  of 
collenchyma,  which  at  these  points  is  replaced  by  cells  with  green  contents.  The 
swellings  found  on  the  prindpal  vdns  and  on  the  larger  secondary  vdns  in  Meryta 
and  in  Strobilopanax  are  mainly  caused  by  a  strong  development  of  the  inner 
ground  tissue,  which  is  differentiated  as  aqueous  tissue  at  these  points. 

3.  Structure  of  the  Axis.  Nimierous  details  regarding  the  distribution 
of  the  resin-canals  in  the  various  tissues  of  the  axis  are  to  be  found  espedally 
in  Viguier'?  work.  According  to  him  the  most  important  systematic  point 
lies  in  the  presence  or  absence  of  resin-canals  in  the  outer  collenchymatous 
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portion  of  the  primary  cortex  and  in  the  pith^.  Vignier  observed  radially 
elongated  secretory  cavities  ('  poches  sto'etrices ')  in  the  broad  medullary 
rays  of  the  wood  only  in  ArOnrophyUum  {A,  diversifolium) ;  this  observation 
requires  confirmation,  as  it  is  not  impossible  that  the  structures  in  question  are 
merdy  resin-canals,  running  from  the  cortex  towards  the  pith. 

According  to  Gtissow,  medullary  vascular  bundles  are  more  widely  dis- 
tributed in  the  axis  of  the  Araliaceae  than  was  previously  supposed.  This 
author  was  also  the  first  to  demonstrate  cortical  vascular  bundles  in  certain 
members  of  the  Order.  The  following  synopsis  summarizes  the  results  of  his 
investigations  on  the  distribution  of  the  vascular  bundles  as  seen  in  the  trans- 
verse section  of  the  stem. 

I.  Only  a  single  ring  of  normally  orientated  vascular  bundles  (i.e.  with  the 
bast  directed  outwards  and  the  wood  pointing  in¥rards)  is  foimd  in  certain  species 
(which  are  named  on  pp.  29,  30  of  the  paper  cited  below)  of :  Acanthopanax,  Aralia^ 
Astrotricha^  Cheirodenaron,  Didymopanax,  Faisia,  Gilibertia^  Hedera,  Horsfieldia^ 
Kalapanax,  Macropanax,  Mackinlaya,  MoiherweUiay  NothopanaXt  Oligoscias,  Panax, 
PolysciaSf  Porospetmum,  Pseudopanax,  Pseudosciadiunif  Schefflera  and  Teira* 
plasandra. 

II.  In  addition  to  the  normally  orientated  ring  of  vascular  bundles  there  is  a 
medullary  ring  lowing  inverse  orientation  (with  bast  on  the  inner  and  wood  on  the 
outer  side)  in:  At  alia  chinensis,  L.  (in  this  species  there  are  also  numerous  small 
vascular  bundles  showing  irregular  arrangement  of  the  wood  and  bast  between  the 
two  rings),  A.  dasyphylla,  Miq.,  Arthrophyllum  pinnatum,  Clarke  and  Eremopanax 
otopyrenus,  Baill. 

III.  In  addition  to  the  normal  ring  of  bundles  there  is  a  medullary  ring,  which 
is  likewise  normally  orientated,  in :  Arthrophyllutn  diversifolium^  Bl.  and  Cussonia 
spicata,  Thunb. 

IV.  Besides  the  normal  ring  and  a  ring  of  medullary  bundles  at  the  periphery 
of  the  pith  (which  is  normally  orientated  ?,  see  Gussow,  loc.  cit.,  p.  30),  scattered 
vascular  bundles  with  irregular  orientation  of  the  wood  and  bast  are  found  in  the 
pith  in :  Aralia  cordata,  Thunb.,  A.  humilis,  Cav.,  Didymopanax  Morototom,  Decne. 
et  Planch.,  Z>.  vinosus^  March.,  Kissodendron  australianum.  Seem.,  Ptirotropia 
kavaiensiSf  Hillebr. 

V.  In  addition  to  the  normal  ring  of  vascular  bundles  the  pith  contains  scattered 
bundles  with  irregular  orientation  of  the  wood  and  bast  in :  Gastonia  cuHspongia, 
Lam.,  Meryta  microcarpa,  Baill.,  Plerandra  Siahliana,  Warb.,  Polyscias  farinosa. 
Harms,  Trevesia  palmata,  Vis. 

VI.  Besides  the  normal  ring  of  bundles  there  are  cortical  vascular  bundles 
in :  Apiopeialum  velutinum,  BaiU.,  Brassaiopsis  Hainla,  Seem.,  Ciissonia  umbelli- 
fera,  Sona.»  Delarbrea  coUina,  VieilL,  Heteropanax  fragrans.  Seem.,  Myodocarpus 
pinnaitts,  Brongn.  et  Gris.,  Oreopanax  xalapensis,  Decne.  et  Planch.,  O.  Rusbyi, 
britt.,  Peniapanax  angelicifoliusj  Griseb.,  Stilbocarba  polaris,  Decne.  et  Planch.  (?). 

VII.  In  addition  to  the  normal  ring  of  bundles  both  medullary  and  cortical 
vascular  bundles  are  found  in :  Aralia  racemosa,  L.,  Boerlagiodendron  Warburgii, 
Harms,  Brassaiopsis  speciosa,  Decne.  et  Planch.,  TupidarUhus  calypiratus.  Hook, 
f .  et  Th. 

Viguier,  on  the  other  hand,  who  likewise  examined  the  structure  of 
the  axis  in  abundant  material  comprising  numerous  genera  and  species 
and  to  whom  Giissow's  work  was  unfortunately  imknown,  demonstrated 
meduUary  vascular  bundles  (constituting  a  single  ring  with  inverse  orienta- 
tion) only  in  the  vegetative  axes  of  certain  species  of  Aralia,  which  he 
groups    together    as   Euaralia   {A.    cachemirica,   A.    chinensis,    A.    cord^Ua, 

'  Vizier  demcMistTated  medullary  resin-cftnals,  which  exhibit  diverse  unngement  (viz.  scattered 
in  the  pith  or  occupying  a  peripheral  position  and  in  the  latter  case  sometimes  in  contact 
with  the  protoxylem  of  the  ring  of  bandies)  and  vary  in  number  and  size,  in  species  of  the  following 
genera:  Acanihopanax,  Anomopanax,  Apiopeialum^  Aralia^  Arthrophyllum^  BonmertUoy 
Cheirodendfon^  Cuphocarpus,  Cussonia,  Dtdymopanax,  EremopanaJc,  Cilibertia,  Narmsiopsis, 
Htdtra,  Kissodendron,  Mairopanax^  Mackinlaya,  Meryta,  Myodocarpus^  Oreopanax^  Peniapanax, 
Plolyscias,  Pseudosciadium,  Schefflera^  Tieghemopanax,  Tupidanthus, 
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A.  dasyphylla^  A,  hispida^  A.  hypoleuca,  A.  moniana,  A.  nudkauUs,  A.  spinasa 
and  A.  urticaefolia^  but  not  in  A,  ferox),  as  well  as  in  the  axis  of  inflorescence 
of  DitfytnopMUix  Maroiotoni,  Kissodendran  OMstralianum  and  Pclysdas  nodosa  ; 
it  remains  an  open  question  whether  medullary  bundles  occur  also  in  the 
vegetative  axes  of  the  three  species  last  named.  Viguier  records  cortical 
vascular  bundles  (leaf-trace  bundles  belonging  to  leaves  situated  higher  on  the 
axis)  only  in  Oreopanax.  Gussow's  statements  therefore  still  require  con- 
firmation ^ 

The  bundles  of  the  normal  vascular  ring  are  no  doubt  always  simple  and 
collateral'.  According  to  Viguier,  more  or  less  strongly  developed  groups  of 
pericyclic  bast-fibres  are  found  on  the  outer  side  of  the  bundles  in  most  of  the 
s|>ecies,  but  in  some  cases  (e.  g.  in  Faisia  japonica  and  species  of  Echinopanax^ 
GUiherHa^  Notkopanax  and  Panax)  there  is  no  sclerenchjrma  in  the  pericyde. 
The  perimedullary  tissue  on  the  inner  side  of  the  vascular  bundles  is  occa- 
sionally lignified  or  includes  arcs  of  fibres  similar  to  those  found  in  the  pericycle 
(e.  g.  in  Acanihopanax  divaricaius). 

According  to  Giissow®,  the  first  cork  invariably  develops  superficially,  for  the 
most  part  in  the  first  layer  of  primary  cortical  cdls,  more  rarely  in  the  epidermis 
(Apuypetalum  veluiinum,  Baill.,  Delarbrea  coUina,  Vieill.,  Macropanax  undu- 
laius^  Seem.,  Polyscias  xanthoxyUndes^  Harms).  The  ceUs  of  the  cork  often 
have  thin  walls ;  in  Aralia  humilis,  Cav.  some  of  them  exhibit  a  palisade-like 
elongation  ;  in  other  cases  the  cork-cells  are  thickened  on  the  tangential  walls 
(species  of  Cussonia,  GiliberHa^  Oreopanax,  Schefflera)  or  on  all  sides  (Pseudo- 
panax  ladevirens,  Benth.  et  Hook.) ;  thick-walled  sclereids  are  found  in  the 
cork  in  Oreopanax  xalapensis,  Decne.  et  Planch,  and  Polyscias  xanthoxy- 
loides.  Harms.  Certain  species  have  a  more  or  less  closed  ring  of  stone-ceUs 
belonging  to  the  phelloderm.  Stone-ceUs  likewise  occasionally  occur  in  the 
primary  cortex,  but  the  characteristic  mechanical  tissue  of  the  latter  is 
coUenchyma,  which  is  rarely  absent  and  for  the  most  part  forms  a  com- 
pletely dosed  ring,  5-6  layers  of  cells  in  thickness,  in  the  outer  portion  of  the 
primary  cortex. 

The  following  additional  details  regarding  the  structure  of  the  wood^ 
are  based  on  Gussow's  statements  *.  The  medullary  rays  vary  from  one  to  seven 
cells  in  breadth.  Spiral  thickening  of  the  walls  of  the  vessels  has  b^n  demon- 
strated in  Aralia  humilis,  CaLV.y  Astroiricha  floccosa^  DC,  A.  ledifolia,  DC.  and 
Notkopanax  diversifolius.  Harms ;  the  perforations  in  the  vessels  show  a  transi- 
tion to  the  scalariform  type  also  in  species  of  Horsfieldia^  Ttevesia  and  Tiipi- 
danihus.  The  wood-parenchyma  is  mostly  restricted  to  the  neighbourhood 
of  the  vessels,  although  it  is  occasionally  developed  in  greater  abundance, 
e.g.  especially  in  Notkopanax  diversifolius.  Tracheids  are  absent.  Giissow 
invariably  found  simple  pits  on  the  wood-prosenchyma.  The  same  authoiity 
observed  septation  of  the  wood-prosenchyma  together  with  storage  of  starch, 


'  Giissow  gives  no  details  as  to  the  exact  nature  of  the  material  employed  in  his  investigations 
«f  the  stem.  From  what  has  been  mentioned  above  it  is  in  no  way  improbable,  that  Giissow's  state- 
ments in  part  at  least  refer  to  the  axis  of  inflorescence  and  not  to  the  vegetative  axis ;  nor  is  it  quite 
impossible,  that  Giissow  occasionally  investigated  petioles  in  place  of  axes. 

'  According  to  Giissow,  bicoUateral  bundles  are  not  uncommon  in  the  Araliaceae,  even  in  the 
normal  vascular  ring.  Among  the  species  enumerated  by  Giissow  (loc.  dt.,  pp.  34,  35)  in  this  rela- 
ti<m  Panax  quin^urfdius^  L.  {Aralia  quinquefolius)  was  the  only  one  at  my  disposal.  In  this 
species  the  outer  soft  bast  extends  round  the  body  of  the  wood  in  the  shape  of  a  horseshoe,  but  die 
iHUidles  are  not  typically  bicoUateral. 

.      '  Regarding  the  material  on  which  Giissow*s  investigation  of  the  axis  was  undertaken,  see  foot- 
note I,  alx>ve. 

*  Viguier  records  a  '  bois  homoxyl^ '  devoid  of  seoondtty  vessels  in  Nothopoiutx  anomalus  and 
N.  microphyllus ;  thick  axes  were,  however,  not  examined ! 
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ako  in  species  of  A  rtim>pkyUtsm,  Didymoptmax^  Eremopmnax^  daionia^  Gilibertim^ 
KjdopMOX^  Macrapamu^  Noikopanax^  OUgoscias^  Oreopimmx^  Pseuiopanax, 
Sckeglera^  Tupidanikus^  &c. 

The  pith  consists  of  cells  with  thin  or  thickffnfid  walls ;  staich  is  ooca- 
skmally  stored  in  the  peripheral  cells. 


Litewtic :  M dfaiWy  Mccbsa.  Schfiricp  dcf  Sdactbdu^  Ber.  dcrtwJi,  bot*  GcmUicIi^  1884* 
GcnenWciitaHBlaosilicft,  p.  zscn^^-C  de  Cndolle,  IbAgrk.  MphjIIcs,  M^m.  Soc  de  pbjs.  ct 
d*hkL  BflC  Gcaivc,  1890,  voL  f^ipL,  MSk  copj,  p.  5  ct  »q.-~BtilKr,  Cori^  csock^  Abd.  of  Bot^ 
Ti,  itejy  pu  166.— Went,  Haft-  a.  Nahnrmcia,  Am.  Jaidm  IMlnMun^,  zii,  i8j^,  ppt  55-^-— 
[Zncb,  Acald,  Cootriboz.  UliL  bot.  F!dcnM>»  iL  1897,  p.  i  eft  mi|.}— Bunctzkyy  Fiisc.  biooIL, 
AiiB.ic.aaLy  ifr.  8,  t.  zii,  1900^  pp.  304-7. — Gbhov,  Beitr.  z.  irogL  AnaL  d.  Anliac,  Dis.,  Btoedan, 


1000,  68  ppu,  I  Tak—PcCenoi,  VedaBatoini,  1901,  p.  70. — Claaditz,  BlaftaiMii,  caaar.  Gcw.,  Dot., 
Ihael,  1901,  pp.  35-6  (/^A&r»)w— [OiiTder,  Ccotial  cylinder  of  AraL  and  liKafraf,  BoL  GaaeU 
1904,  pp.  101-85.]— Col,  Faaneaazy  Ann.  ac.  uaL,  A,  8,  t.  zz,  1904,  opecially  pp.  >79-8i.- 


Aieidioag,  Trop.  vizt.  bUdbrmi.,  St.  Vet.  Akad.  HandL,  39»  b-  >»  1905,  pp.  150,  151  {Arikr9' 
-        "    '  gjj^e-  .  ......  ...... 


^fyffum), — ^PiocMi,  Legnaml,  Ball.  Sioia,  1906,  p.  133. — yigaaer,  Rech.  anat  nr  jadaanScatioodes 
AiBUac,  Ana.  ic  nat.,  *^v^  ^  i^i  <9^»  PP-  1-^07. — ^HoltenB         —  -       - 
p.  135  {H^aplemrmm). — [Tor  farther  liteiatBie,  lee  p.  1169.] 


CORNACEAE  (pp.  432-439). 

1.  Review  of  the  Anatomical  Features.  On  the  basis  of  Wangerin's 
work  we  may  add  that  simple  perforations  occur  in  the  vessels  in  Kalipkora  also, 
crystal-sand  also  in  Kalipkora  and  MdancyphyUa^  and  stellate  haiis  with  a 
varying  number  of  rays  (a  type  of  hair  new  to  the  Comaceae)  in  Alangium 
cosUUum,  Wangerin. 

2.  Structube  of  the  Leaf.  The  earlier  inexact  statements  on  the 
occurrence  of  papillose  epidermal  cells  (on  p.  433)  may  be  replaced  by  the 
following  detaus  quoted  from  Kohne's  and  Sortorius'  observations. 

Papillose  development  of  the  upper  epidermis  is  found  in :  Garrya  ellipiica^ 
DongL,  G.  flavescens,  Wats.,  G.  laurifoliaj  Benth.,  G.  Lindheimeri^  Torr.,  G.  ovata^ 
Benth.,  G.  Wrightii,  Ton.  (the  species  last  named  has  solid  peg-shaped  papillae), 
MarUa  beganiaefolia^  Roxb.,  M.  macrophyUa,  S.  et  Z.,  Af.  pUUanifolia^  S.  et  Z.  and 
Comus  canadensis^  L.  In  Garrya  the  outer  walls  of  the  lower  epidermal  ceUs, 
like  those  of  the  upper  epidermis,  are  more  or  less  distinctly  papillose,  and  this  is 
even  the  case  in  species  which  show  no  tendency  to  form  papdlae  on  the  upper 
side.  The  lower  epidermal  cells  are  slightly  papillose  also  in  Aucuba  fapantca^ 
Thunb.,  A.  himalatca.  Hook.  1,  Nyssa  capitata,  Walt.,  N.  uniflora,  Wang.,  Torri- 
cellia  tiliaefoHa^  DC.,  Comus  allemifolia^  L.  f.,  C  florida,  L.  and  C.  stolonifera^ 
Michx.  In  other  species  of  Comus  the  lower  side  of  the  leaf  bears  distinct 
papillae,  which  are  generally  provided  with  a  corona  and  stand  in  connexion  with 
one  another  by  means  of  reticulately  arranged  cuticular  ridges ;  these  species 
are :  C  alba,  L..,  C.  asferifolia,  Michx.,  C.  hrachypoda,  C.  A.  Mey.,  C  califomica, 
C.  A.  Mey.,  C  candidtssimaf  Mill.,  C.  capitata,  wall.,  C.  circinata,  L'H^rit.,  C. 
disciflora,  DC,  C.  Hessei,  Kdhne,  C.  ignorata,  Koch,  C  macrophylla,  WalL,  C. 
oblongaf  WalL,  C.  paniculaia,  L'H6rit.,  C.  pubescens,  Nutt.,  C  Purpusi,  Kohne, 
C.  sibirica,  Loddig.,  and  C.  tatarica^  Mill. 

In  MasUxia  Cambodiana,  Pierre  the  petiole  is  supplied  by  three  vascular 
bundles  which  ultimately  form  a  central  cylinder  (Pierre). 

3.  Structure  of  the  Axis.  According  to  Wangerin,  the  cork  also  arises 
in  the  subepidermal  layer  of  cells  in  KaUphora  and  MdanophyUa.  The 
same  author  states  that  the  vessels  of  the  secondary  wood  have  simple 
perforations  in  Kalipkora^  and  scalariform  x>erforations  in  Mdanophylla^  as 
well  as  in  Alangium  (MarUa)  Mezianum,  Wangerin  and  A.  costatum^  Wangerin. 

According  to  Pierre,  Mastixia  Cambodiana^  Pierre,  like  the  other  species 
of  Mastixia^  is  distinguished  by  having  medullary  secretory  canals  and  by  the 
stratification  of  the  phloem  into  hard  and  soft  bast. 
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Literature:  Pierre,  Flore  forest,  de  Im  Cochinchine,  xvii,  i892.~[Tognini,  Stomi,  Atti  1st.  bot 
Pavia,  1894.]— Kdhne,  VwgSXL  u.  obers.  Spaltofih.,  Mitteil.  dentich.  dendrolog.  GeselUch.,  1899, 
p.  59. — ^Pctenen,  Vedanatomi,  1901,  p.  68. — Bonygaei,  P^ole,  Theie,  Paris,  1902, p^  15. — Ganchery, 
Hjmtit^,  Asoc  fimnf.  Coo^ris  Ajaccio^  1901,  ii,  ed.  190a,  pp.  403-8  {fiarrya  eliipHca  x  Fadyena). 
— Geibard,  Blattanat  yon  Gew.  d.  Knysoawaldes,  Diss.,  BaseU  190a,  pp.  ai-a  (Curtina).--^ 
Theofin,  Vazttrichom.,  Arkiv  for  Bot,  i,  1903,  p.  159. — Silswngiith,  BehaaxiiDgvreili.d..WarzlHitger 
Mnschelkalkpfl.,  Diss.,  Wiinbiiig,  1904,  p.  35. — ^Picdoli,  Legnami,  BalL  Siena,  1906,  p.  i6a. — 
Wangerin,  Umgrenz.  n.  Gliedenmg  d.  Fam.  d.  Comae.,  Din.,  Halle,  1906,  9a  pp.,  especially 
pp.  50,  65,  73,  79  and  8a ;  sep.  copy  from  Engler,  Bot  Jahrb.,  zzxviii. 


CAPRIFOLIACEAE  (pp.  439-444). 

1.  Review  of  the  Anatomical  Features.  The  mention  of  Adoxa 
among  the  exceptions  to  the  '  occurrence  of  glandular  hairs  *  must  be  cancelled. 

2.  Structure  of  the  Leaf.  The  mesophyll  also  includes  arm-pali- 
sade parench3mia  in  Adoxa  Moschatellina  (here  composed  of  low  cells.  Lager- 
berg)  and  Viburnum  fauciflorum  (Schwartz-Clements).  Papillose  differentia- 
tioEQ  of  the  epidermis  is  found  on  both  sides  of  the  leaf  in  Lonicera  syringantha^ 
Maxim,  and  L.  tomenietta.  Hook.  f.  et  Th.,  on  the  upper  side  only  in  L.  arborea 
Boiss.  and  L.  Standishi,  Carr.,  and  on  the  lower  side  only  in  L.  flaribunda^ 
Bdss.  et  Buhse,  L,  rupicola.  Hook.  f.  et  Th.  and  L.  Zabdi^  Rheder  ;  in  Syw- 
phoricarpus  Heyeriy  Dipp.  and  5.  occidenialis.  Hook.,  thick  conical  papillae 
occur  in  the  neighbourhood  of  the  stomata,  while  in  S.  orbiculatus^  Moench, 
there  are  weakly  developed  papillae  on  the  lower  side  of  the  leaf  (K5hne). 
The  stomata, — and  more  emphasis  can  be  laid  on  this  point  than  formerly, — are 
in  no  case  exclusively  provided  with  subsidiary  cells  of  the  Rubiaceous  type. 

The  club-shaped  external  glands  found  on  the  leaves  of  Adoxa  are  pro- 
vided with  a  short  stalk  consisting  of  2  or  3  ceUs  and  a  bicellular  head  divided 
by  a  vertical  wall  (Lagerberg).  Novak  had  previously  met  with  external 
glands,  with  more  numerous  cells,  at  the  base  of  the  petals. 

3.  Structurb  of  the  Axis.  The  vascular  system  in  the  rhizome  oi  Adoxa 
MoschaieUina  consists  of  two  coUateral  arc-shaped  vascular  bundles,  which  are 
enveloped  by  a  narrow  parenchimatous  pericjrde,  an  endodermis  provided  with 
Caspary's  dots  and  a  cortex  rich  in  starch.  It  is  noteworthy  that  even  the  pitted 
tiadieae  are  devoid  of  perforations,  so  that  they  are  merely  elongated  tracheids. 

Literature:  Costantin,  Tiges  a^.  et  sout,  Ann.  sc.  nat,  ser.  6,  t.  xvi,  1883,  p.  7a  et  seq. 
— ^Kaoner,  Marie,  Diss.,  Breslan,  1884,  pp.  15-16. — Nandce,  Dikotyle  Holzpfi.,  Diss.,  Kdnigsberg, 
1886,  p.  3i.>-Aafrecht,  Extraflorale  Nektar.,  Diss.,  Ziirich,  189a,  p.  as  et  seq.  {Viburnum  Opulus), 
— Hartwich,  Falsche  Senegawnrzel,  Archiv  d.  Pharm.,  a33,  1895,  pp.  iai-3  and  Tab.— [Sayre, 
Viburnum^  Americ.  Jonni.  Pharm.,  1895,  p.  465.] — [Moller,  AtticQwnrzel,  Phann.  Post,  1895, 
p.  113  et  seq.]— [Dermiston,  Comp.  struct,  of  the  barks  of  cert.  Americ.  Viburnums,  Pharm. 
Archives,  i,  1898.J— Kohne,  Papill.  a.  obers.  Spaltoffn.,  Mitteil.  deutsch.  dendrolog.  Gesellsch., 
1899,  p.  60. — ^Timmann,  Sekretdriisen,  Diss.,  Bern,  1900,  pp.  43,  44. — Petersen,  Vedanatomi,  1901, 
pp.  87-93.— Clandits,  Blattanat  kanar.  Gew.,  Diss.,  Basel,  190a,  pp.  36,  37  {V^mmum). — Knothe, 
Unbenetzb.  Bl.,  Diss.,  Heidelberg,  190a,  p.  9.— [Novak,  Adoxa  MoschatelHna,  in  Theodora 
Novaka  stati  nylerani,  Prag,  190a,  pp.  148-60  (Bohemian ;  abstr.  in  Bot.  CentralbL,  xc,  p.  SA^y\ 
— ^Thovvenin,  Glandes  p^t  da  Viburnum  Opulus,  Revne  g^n.  de  bot.,  xv,  1903,  pp.  97-103. — Col, 
Faisceanx,  Ann.  sc.  nat.,  s^r.  8,  t.  xz,  1904,  pp.  ia9  and  133.— Lagerberg,  Adoxa  MoschaieUina^ 
Arkiv  ftr  Bot,  iii,  1904,  sep.  copy,  a8  pp.  (Swedish).— Paoli,  EterofiUia,  Nuovo  Giom.  bot  Ital., 
xi,  1904,0.  aa6.— Siissengnth,  Behaanmgsverh.  d.  Wiirzb.  Mnschelkalkpfl.,  Diss.,  Wiirzborg,  1904, 
p.  35.— Theorin,  Vaxttrichom.,  Arkiv  for  Bot,  iii,  n.  5,  1904,  p.  6.— Gnttenberg,  Lichtsinnesorg., 
.  dentsch.  bot  Gesellsch.,  1905,  p.  a65  et  seq.  and  Tab.  x,  xi — Haberlandt,  Lichtsinnesorg.,  1905, 
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RUBIACEAE  (pp.  444-454)- 


2.  Structure  OF  THE  Leaf  ^  Centric  structure  with  two  layers  of  palisade- 
cells  on  both  sides  of  the  leaf  occurs  for  instance  in  Asperula  cynanchica 
(Netolitzky),  while  in  Borreria  verticiUata  the  mesophyll  is  homogeneous 
(Saint-Just).  Numerous  papillae  are  found  on  the  upper  epidermis  above 
the  larger  veins  in  Galium  crudaium.  Scop,  and  G.  pedemonianum.  All.  (Neto- 
litzky) ;  hypoderm  is  developed  on  the  upper  side  of  the  leaf  in  Crateri- 
spcrmum  mtcrodan  (Fabricius),  as  well  as  in  Cinchona  caloptera,  Miq.,  Hydno- 
phylum  formicarumy  Jack,  Myrmecodia  echinata.  Gaud.,  and  Scyphiphara 
caryaphyllacea,  Gaertn.  (Areschoug)  and  in  Lcucocodan  reticuUUum  <Holter- 
mann).  Sderenchymatous  fibres  running  freely  in  the  mesophyll  are  mentioned 
by  Fabricius  as  occurring  in  a  plant  described  as  '  Pyrostria  sp.  n.'  and  one 
incorrectly  determined  as  Gardenia  Annae\  while  Frohner  records  them  in 
Coffea  brachyphylla,  Radlk.  and  C.  Zanguebariae^  Lour.  For  the  structure  of 
the  rolled  leaves  of  Antkospermum  and  Nenax^  see  Knoblauch,  loc.  cit. 

To  the  section  on  the  hairy  covering  (p.  447)  we  may  first  add  that  the 
bent  unicellular  hairs,  found  in  the  Stellatae,  are  not  always  typical  hooked 
hairs,  i.  e.  curved  like  the  horn  of  a  chamois,  but  are  sometimes  merely  hambse 
or  sickle-shaped  (Netolitzky).  Glandular  shaggy  haiis  of  somewhat  simpler 
structure  than  those  depicted  in  Fig.  loi  a  have  been  observed  by  Mardner 
in  Galium  antarcHcum^  Hook,  f .,  where  they  lie  at  the  base  of  the  four  leaves 
of  the  whorl,  and  by  Holtermann  in  HedyoUs  verHcillaris,  where  they  are  found 
at  the  bases  of  the  leaves,  which  are  here  united  to  form  a  small  ochrea ;  these 
glands  therefore  occur  also  on  the  lamina  of  the  leaf.  Regarding  the  glandular 
shaggy  hairs,  see  also  Mastrostefano  and  Mirabella,  11.  cc. 

Elongated  secretory  sacs  having  wide  lumina,  filled  with  bright  brown 
contents,  are  found  also  in  the  veins  of  the  leaf  in  Pyrostria  (Fabndus),  and 
secretory  sacs,  like  those  present  in  the  cortex  of  Cinchona,  occur  also  in  the 
cortex  of  Corynanthe  Johimbe,  K.  Sch.  (Gilg) ;  g)idermal  secretory  sacs  are  found 
at  the  apex  of  the  leaf  in  Galium  hirsuium^  Kuiz  et  Pav.  (Weberbauer) ;  the 
well-known  elongated  secretory  sacs  of  the  Cinchonas  are  present  also  in  the 
pith  (Meyer).  Saint-Just's  statement  as  to  the  occurrence  of  *  canaux  s6cr6- 
teius '  in  Manettia  luteo-rubra  is  certainly  incorrect ;  the  same  author  records 
secretory  cells  in  species  of  Borreria,  Coprosma,  Ernodea,  Hoffmannia,  Morinda, 
Palicourea,  Spermacoce  and  Vangueria,  but  his  statements  on  this  subject  are 
inexact  and  hence  scarcely  reliable,  so  that  we  can  do  no  more  than  briefly 
mention  them  (see  also  under  '  secretory  cells  filled  with  brown  contents '  on 
p.  448).  Netolitzky  associates  with  the  secretory  organs  peculiar  groups  of 
strongly  enlarged  epidermd  cells,  which  have  greenish,  strongly  refractive 
contents  in  the  form  of  small  drops,  and  occur  on  the  lower  side  of  the  leaf-tip 
in  certain  species  of  Galium  (G.  bareale,  L.,  G.  crticiaium,  Scop.,  G.  pedemon^ 
ianum.  All.,  G.  rotundifolium,  L.,  G.  rubioides,  L.).  We  may  likewise  include 
here  the  peculiar  cr3^ts  found  by  Saint-Just  on  the  lower  side  of  the  leaf  in 
Coprosma  lucida,  but  not  very  accurately  described  bjr  him ;  these  structures, 
which  occur  at  the  base  of  the  secondary  veins,  are  lined  with  a  two-layered 


^  Our  knowled^  of  the  stracture  of  the  leaf  in  the  Rnbiaceae  is  still  very  insufficient.  Netolitzky 
has  reoently  investigated  the  anatomy  of  the  leaves  of  the  endemic  Stellatae.  The  statements  in 
Saint- Just's  paper,  which  alto  deals  with  this  Order,  are  nnfortunately  very  inexact  and  in  part 
incorrect ;  moreover  some  of  his  plants  are  certainly  incorrectly  determined,  as  may  be  iconcladed 
from  the  mode  of  deposition  of  oxalate  of  lime. 

*  In  view  of  tne  presence  of  the  characteristic  crystal-hairs  this  plant  must  be  one  of  the 
Gaettardeae.  The '  secretory  cells  with  dark  granular  contents  *  observed  by  Fabricius  are  doubtless 
sacs  containing  crystal-sand. 
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epitheliam  of  elongated  palisade-like  cells,  and  open  towards  the  outside  by 
means  ol  a  narrow  aperture,  covered  in  by  trichomes. 

To  the  synopsis  of  the  diverse  crjrstalline  forms  in  which  oxalate  of  lime  is 
deposited  in  the  genera  of  the  Rubiaceae  (pp.  450,  451)  we  may  add:  Under 
L  Crystal-sand :  after  Condaminea :  Corynanthe ;  further,  under  '  together  with 
the  crystal-sand,  clustered  crystals* :  Cinchona.  Under  II.  RaphLdes  :  after  Cntck^ 
shanhsia  in  brackets :  C.  MontHana,  G^ ;  further  at  the  points  determined  by 
the  alphabetical  secjuence:  Coprosma^  Hydnophytum^  Myrmecodia  and  Oreopolus 
(Cruckskanhsia  glactalis,  Poepp.).  Under  III.  Clustered  crystals  :  Pyrostria.  We 
may  also  note  that  in  some  cases  there  are  no  raphides  in  the  raphide-sacs,  so  th&t 
the  latter  are  accompanied  by  mudlage-sacs  (e.  g.  commonly  in  the  leaf  of  Asperula 
odoraia^  L.). 

Netolitzky  met  with  sphaerocrystalline  masses  having  the  appearance  of 
hesperidin-crystals  in  alcohol-material  and  glycerine-preparations  of  many 
of  the  Stellatae  (e.g.  Galium  luddum^  All.  and  G.  falustre^  L.).  In  iht  bast 
of  some  kinds  of  Ctfic/kma-bark,  which  are  rich  in  alkaloid,  the  latter  occa- 
sionally crystallizes  out. 

3.  Structure  of  the  Axis.  According  to  Saint-Just,  the  cork  develops 
supe^cially  (viz.  in  the  subepidermal  layer  or  in  the  second  layer  of  primary 
cortical  cells)  in  the  species  of  Chione^  Faramea^  Gardenia^  Genipa^  Guettarda, 
Ixora,  Lau^ueria,  Penias,  Randia,  Ronddetia^  Rudgea,  Strumpfia  examined 
by  him,  while  it  arises  in  the  pericyde  in  the  species  of  Coprosma,  Leptodermis 
and  Paedcria.  In  the  species  of  Chitnarrhis,  Faramea,  GueUarda,  Hamelia, 
Hyptianthera,  Ixara,  MorindOy  Mu$saenda,  Paederia,  PaveUa,  Plectronia^ 
Posoqueria,  Psathura^  Psychoiria^  Uro^hyllum  and  Vangueria  investigated  by 
Pitard  the  pericyde  contains  isolated  bundles  of  bast-fibres  ;  the  latter  are 
wanting,  however,  in  the  officinal  Cinchona-hsik.  As  regards  the  structure  of 
the  wood  we  may  mention  that  Craierispermum  microdon^  Bdc.,  like  the  other 
Vanguerieae,  has  simple  perforations  in  the  vessels  and  wood-prosenchyma 
beairng  bordered  pits  (Ursprung). 

According  to  Goldstein,  cortical  vascular  bundles  showing  concentric 
structure  are  found  in  Sickingia,  Baranetzky's  statement  as  to  the  occurrence 
of  bicollateral  vascular  bundles  in  a  member  of  this  Order  {Pledrania  veniosa) 
is  incorrect;  the  plant  examined  by  him  is  not  Plectronia  veniosa,  nor  even  one 
of  the  Rubiaceae  (Solereder). 

Literature:  Costantin,  Tiges  a^r.  et  sont.,  Ann.  9c.  nat.,  s^r.  6,  U  xvi,  1883,  P-  ^4^  ^  s^* — 
Goldstein,  Rinde  ▼oo  Arariba,  etc.,  Disa.,  Erlangen,  189a,  30  pp.,  a  Tab. — Brandt,  Wenijg;  bek. 
Rinden,  Diss.,  Dorpat,  1894,  p.  5a  et  seq.— [Tognini,  Stomi,  Atti  1st  bot.  Pavia,  1894.]— Joosson, 
Anat.  Band.  Bl,  Acta  Univ.  Lund.,  xxxii,  a,  1896. — Knoblanch,  Okolog.  Anat,  Habilitat-Schr., 
Tubingen,  1896,  p.  9  et  seq.— Elfstrand,  Heilpfl.,  Ber.  dentsch.  pharm.  Gesellsch.,  1897,  p.  291 
(7Wi£rMfrM).— [Mastrostefano,  SteUate,  BoUett.  Soc.  Natural.  Napoli,  1897,  p.  75 ;  abstr.  in  Just, 
1898,  ii,  p.  a70.J^[Mirabella,  Colleteri,  Contrib.  1st.  bot  Palermo,  ii,  1897,  p.  15  et  seq. ;  abstr.  in 
Just,  1897,  i,  p.  513.]— Schubert,  Parenchymscheiden,  Bot  CentralbL,  1897,  iv,  p.  63.— Boergesen  og 
Paulsen,  Veget.  dansk-vtstind.  Oer,  Bot.  Tidsskrift,  zxii,  1898-9,  pp.  96,  97  {Randia  acuUaia, 
L.> — FriShner,  Ccffea,  in  Engler,  Bot  Jahrb.,  xxv,  iSj^S,  p.  236  et  seq. — Tichomirow,  Mechan. 
Elemente  bei  CtncAcna,  Bot  CentralbL,  1899,  i,  p.  60. — Baranetzky,  False.  bicolL,  Ann.  s&  nat., 
Ut,  8,  t.  xii,  1900,  pp.  292-4.— Charpentier,  Et.  anat  et  mlcrochim.  d.  quinquinas  de  cult.,  Thte, 
Paris,  1900,  50  pp.,  a  pi. — Camper,  Angosturarinden,  Diss.,  Ziiiich,  1900^  pp.  62,  63. — G.  Meyer, 
Anat  d.  auf  Java  kult  Cinchonen,  Zdtschr.  f.  Naturw.,  budi,  1900,  pp.  409-41 ;  we  also  Hartwich 
and  G.  Meyer,  in  Archiv  d.  Pharm.,  238,  1900,  p.  253.  ~  Ursprung,  Anat.  u.  tahresringbild.  trop. 
Holzarten,  Diss.,  Basel,  1900,  pp.  23-5  {^Crateri^ermum  microdm^  Bak.).— Uilg  and  Schumann, 
Johimberinde,  Berliner  Notizbl.,  iii,  no.  25,  1 901,  pp.  92-4 ;  see  also  Gilg,  in  Ber.  deutsch.  Pharm. 
Gesellsch.,  i9oi,p.  212.— Pitard, Pericyde,  Thte,  Bordeaux,  i90i,p.  91.— Areschoug,  Mangrovepfl., 
BibL  bot,  Heft  56, 1902,  pp.  52-5  and  Tab.  v,  vi.— Baigagli-Petrucd,  Legnami,  Malpighia,  1902, 
p.  565  et  seq.  {Mussaendopns^  .Sanvr^/ia/ifj).— Clauditz,  JBkttanat.  kanar.  Gew.,  Diss.,  Basel,  190a, 
PP>  369  37  iPhyUis). — Fabricius,  LaubbUAnat,  Beih.  z.  Bot.  CentralbL,  xii,  190a,  pp.  314-17. — 
Gerhanl,  BUttanat  v.  Gew.  d.  Knysnawaldes,  Diss.,  Basel,  190a,  pp.  a  2,  23  (/V^r^/rwiM).— Knothe, 
Uabenetsb.  BL,  Diss.,  Hekidberg,  190a,  p.  9^— Mardner,  Phan.-Vegetat.  d.  Kergnelen,  Diss., 
Basel,  190a,  pp.  a7,  28  ((7a/f«OT).— [Armari,  Piante  della  reg.  medit,  Ann.  di  bot,  i,  1903,  pw  17  et 
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wo[y{PiUoria),'\ — Gorriset  Reimaii  Cinekma  rtbusta^  BnlL  So&  phunuicol^  1903.  pp.  384-6;  also 
in  Pcrrot,  Tiavmiix,  IL— [Greensill,  Stmct  of  leaf  of  cert.  spec.  01  Cofirosma,  ThuBsact.  and  Proceed. 
New  Zealand  Inst,  zzxv,  1903,  pp.  342-55  and  pi  zli-zliv.]— Solereder,  Berichtig.,  Boll.  Herbter 
Boiisier,  a*  s^r.,  1903,  pp.  334,  325.— Acfaner,  Falscfae  Chinarinden,  Diss.,  Bern,  1904, 109  pp.— Col, 
Faisceanx,  Ann.  sc.  nat.,  s^r.  8,  t.  zx,  1904,  pp.  119-31.— Saint- Just,  Redi.  anat.  sar  rappareil  v^g. 
allien  des  Rnbiac,  Thte,  Paris,  1904,  70  pp.,  a  pi. — SOssaignth,  BehaamngsyeriL  d.  Wiiixb. 
Mnschclkalkpfl.,  Diss.,  WOixbug,  1904,  p.  36. — Aieschong,  Trop.  vaxt.  bladbjggn.,  Sv.  Vet.  Akad. 
Handl.,  30,  n.  a,  1905,  pp.  50,  51  {Sfienmuote),  pp.  73,  74  {DetUeUa\  pp.  86,  87  and  Tab.  xiii 
{CifKkona), pp. 90, 91  {Ccfea^  p.  108  {Myrmecodid),  and  pp.  144-6  and  Tab.  y\-ri\i(ffydMophyium). 
— Netolitxkj,  DikotyleobT.,  Vioma,  1905,  pp.  p-33.— Rnssell,  Piindpcs  acti&  de  la  Gaiance,  Rerne 
vbk,  de  bot,  1905,  p.  254  et  seq.— Theoiin,  Vaxttrichom.,  Aikiv  for  Bot,  It,  n«  18,  1905,  p.  17. — 
Weberbaner,  Vegetat.  d.  Hochandcn  Pens,  in  Engler,  Bot  Jahrb.,  zxzvii,  1905,  p.  60  et  seq. — 
Holtcnnann,  Einflnss  des  Klimas  etc.,  1907,  pp.  59,  83,  130  and  135  {Scypkiphart^  Spermacoce, 
HidyUiSy  ZeMCOcodon), ^[¥ot  further  literatnre,  see  p.  117a.] 

VALERIANEAE  (pp.  454,  455)." 

The  following  details  may  be  added  to  the  account  given  in  the  earlier  part 
of  this  book ;  they  are  mainly  extracted  from  Vidal's  work.  In  the  species  of 
Pairinia,  CeniratUhus,  Valerianaj  Fedia  and  Valerianella  examined  by  Vidal  the 
structure  of  the  leaf  is  again  mostly  bifacial,  although  it  is  centric  in  Valeriana 
saliunca  and  almost  homogeneous  in  F.  dioica.  Twin  stomata  are  frequently 
met  with  on  both  surfaces  of  the  leaf  in  Valerianella ;  water-pores  are  found 
also  in  Valeriana  Phu.  The  lateral  margi^is  of  the  epidermal  cells  are  either 
straight  or  undulated.  Vidal  observed  glandidar  hairs  in  all  the  species ;  the 
multicellular  heads  of  these  hairs  are  either  elongated  or  spherical  and  are  for 
the  most  part  divided  both  by  horizontal  and  vertical  walls,  rarely  (Valeriana 
iripteris)  by  vertical  waUs  only.  As  regards  the  fibrovascular  system  of  the 
leaf  we  may  note  that  there  is  no  mechanical  tissue  in  the  veins  apart  from 
collenchyma.  The  leaf  is  supplied  by  three  vascular  bundles,  which  in  the 
upper  portion  of  the  petiole  pass  over  into  a  widely  open  arc  composed  of  five 
bundles.  In  Valeriana  officinalis,  according  to  Bouygues,  the  petiole  contains 
several  concentric  vascular  bundles  (steles),  some  of  which  are  not  quite  com- 
pletely differentiated ;  each  of  these  bun&es  is  provided  with  a  pith  and  an 
enveloping  endodermis.  Oxalate  of  lime  has  been  found  in  the  vegetative 
organs  ^  only  in  Patrinia,  where  it  was  first  observed  by  Chatin ;  it  occurs 
in  the  form  of  clustered  crystals,  which  are  present  in  the  root,  stem,  and 
leaf.  On  the  other  hand,  structures  of  unknown  chemical  composition,  but 
resembling  sphaerites,  appear  in  the  leaves  and  other  organs  of  many  Valerianeae 
(e.  g.  Valmana  saliunca)  after  treatment  with  alcohol ;  these  bodies  recaU  the 
sphaerocrystals  of  inulin.  Oil-ceUs,  first  observed  by  Zacharias  in  the  root  of 
Valeriana  and  distinguished  from  the  neighbouring  cells  by  their  contents 
and  their  suberized  wall,  are,  to  judge  by  Vidsd's  statements,  present  in  the 
root  also  in  other  species  of  Valeriana^  as  well  as  in  Patrinia,  Centranlhus, 
Fedia  and  Valerianella ;  they  are  situated  either  in  the  second  ceU-layer  of 
the  primary  cortex  beneath  the  suberized  outermost  layer,  or  are  found  in 
a  slightly  deeper  layer.  According  to  VidaJ,  however,  the  chief  production 
of  oil  in  the  roots  takes  place  in  the  cork,  which  explains  the  large  amount  of 
oil  fotmd  in  the  older  roots. 

For  details  as  to  the  structure  of  the  stem,  rhizome,  and  root,  see  Vidal, 
loa  cit. ;  it  will  suffice  to  mention  the  following  facts  here.  Apart  from  the 
superficial  development  of  the  cork  in  the  roots  and  rhizomes  of  Valeriana 
officinalis  and  F.  Phu,  the  cork  invariably  arises  in  the  pericycle  in  both  organs. 
TTiere  are  no  mechanical  elements  in  the  pericycle.    The  inner  portion  of  the 


*  Accordb^  to  Vidal,  the  pericarp  of  CefUrantkus,  Valeriana,  Fedia  and  Valerianella  contains 
oxalate  of  lime  in  the  form  of  solitary  crystals,  although  there  is  no  oxalate  of  lime  In  the  vegetatiTe 
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pith  of  the  stem  consists  of  unlignified  cells  and  subsequently  becomes  fistular. 
In  the  roots  of  Valeriana  officinalis  and  V.  Phu  the  cells  of  the  endodennis, 
which  axe  provided  with  Casparsr's  dots»  are  persistent  in  conse<]uence  of  ibe 
superficial  development  of  the  cork  and  exhibit  secondary  division-walls  in 
the  same  way  as  in  certain  Gentianeae. 

Literature:  Costmntm,  Tiges  wix,  et  font,  Ann.  sc.  nat,  s^r.  6,  t  xvi,  1883,  p.  14.6. — [Tognint, 
Stomi,  Atti  1st  bot  Pftvia,  1894.]— Biennann,  Clzellen,  Diss.,  Bern,  1898,  pp.  30-5.— -Iliomas, 
Feidlles  aoot.,  Thhe,  Paris,  1900. — ^I>^,  Unterird.  Org,  von  VaierioHa  etc.,  Diss.,  Bern,  looi, 
pp.  8-35  and  Tab.  i.— Bouygnes,  Petiole,  These,  Paris,  1902,  p.  71.— L.  Vidal,  Anmt  dee  ValdrUn., 
Ann.  de  rUniv.  de  Grenoble,  xv,  1903,  m.  copy,  especially  pp.  6-31 ;  see  also  the  aathor's  abstract 
in  Bot  CentralbL,  xcr,  p.  146. — Col,  Faiiceanx,  Ann.  sc.  nat,  iix,  8,  t  xii,  1904,  p.  136. — 
Weberbaner,  Vegetat  d.  Hochanden  Perns,  in  Engler,  Bot.  Jahrb.,  xxxvil,  1905,  p.  60  et  seq. 

DIPSACEAE  (pp.  455,  456), 

Szabo's  recent  investigation  of  the  anatomy  of  the  genus  KnauUa  has 
afforded  the  following  results.  External  glands  with  a  short  stalk  and  a  head 
composed  of  four  or  more  cells  occur  also  in  this  genus..  K.  orientalis^  unlike 
other  species  of  the  genus,  has  scalariform  perforations  in  the  vessels.  The 
cork  in  K.  Umgifolia  (rhizome)  develops  in  the  pericycle. 

litentore:  Costantin,  Tiges  a6:.  et  sont,  Ann.  sc  nat.,  s^r.  6,  t.  xvi,  1883,  p.  145  et  seq. — 
Mtttmann,  Pflanzenstacfaeln,  Verb,  bot  Ver.  Brandenborg,  1889,  p.  67  and  Tab.  1. — Lothelier,  opines, 
Thte,  Paris,  1893,  p.  30  and  pi.  iii.— [Cacace,  Contrib.  stud.  d.  Dipsacee,  Ric.  istol.,  R.  Orto  bot. 
Napoli,  1898,  I  a  pp.>-Rostock,  Driisenh.  von  Dipsacus  silvestrisy  Bot  Zelt,  1904,  Abt  i, 
pp.  z  1-30.— Sussengnth,  Behaarungsverh.  d.  Wiirzb.  Muschelkalkpfl.,  Diss.,  Wiirzburg,  1904,  p.  36. — 
Szabo,  Monogr.  d.  Gatt.  Knautia^  in  Engler,  Bot.  Jahrb.,  xxxvi,  1905,  pp.  401-8. 

CALYCEREAE  (p.  456). 

According  to  Reiche,  '  the  absence  of  special  bast-strands  in  the  corticalparen- 
chyma '  is  a  feature  common  to  all  the  Calycereae.  Boopis  austraiis,  Decne., 
B.  gracilis,  Phil.,  B.  multicaulis,  PhiL  and  B.  graminea,  PhiL  possess  a  lignified 
strengthening  ring,  in  which  the  vascular  bundles  are  embedded.  The  fleshy 
stems  found  in  various  species  of  Nastanthus  are  due  to  abundant  development 
of  the  medullary  and  cortical  parenchyma. 

Literature:  Reiche,  Calycereen,  in  Engler,  Bot.  Jahrb.,  xxix,  1900,  p.  110.  ' 

COMPOSITAE  (pp.  456-469). 

I.  Review  of  the  Anatomical  Features.  Secretory  cavities  also  occur 
in  the  leaves  of  Trilisa  and  species  of  Athanasia ;  in  certain  members  of 
the  Order,  moreover,  they  take  the  place  of  the  secretory  canals  in  the  sub- 
terranean organs.  Secretory  sacs,  which  are  often  much  elongated  and  have 
milky  or  resinous  contents,  are  f  otmd  in  species  of  Gazania  (Tribe  Arctotideae, 
in  this  case  together  with  transitions  to  laticiferous  vessels),  and  Vemonia  (Tribe 
Vemonieae),  as  well  as  in  members  of  the  Tribe  Cynaroideae  (Alfredia,  Arctium^ 
Atracfylis,  Berardia,  Carduus,  Ciarlina^  Chardinia^  Cirsium^  Cousinia,  Galadites^ 
Jurinea,  Lappa^  Onopordon,  SUybum^  Staehelina,  Warionia;  in  Atractylis  and 
CarUnay  together  with  transitions  to  laticiferous  vessels).  Beyond  the  limits 
of  the  Qchoriaceae  and  apart  from  the  genus  Gundelia  (Tribe  Arctotideae), 
which  was  alrea^  referred  to  in  the  earlier  x>art  of  this  work,  laticiferous 
vessels  occur  in  Caxania^  which  belong^  to  the  same  Tribe  as  Gundelia^  and 
in  CarUna  and  Atractylis  (Tribe  Cyiiaroideae,  Subtribe  Carlineae).  Unicdlular 
trichomes  appear  to  be  wanting  in  the  hairy  covering  of  the  Compositae. 
Recent  investigations  have  shown  that  multicellular  clothing  hairs  with  a 
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two-armed  or  stellate  tenmnal  cell  occur  in  many  additional  genera.  Vesicular 
integomental  glands,  showing  the  same  type  of  structm^  as  those  fomid  in 
the  Labiatae,  are  present  in  Centaurapsis,  while  extrafloral  nectaries  occur  in 
Helianthus.  To  the  list  of  special  or  anomalous  structural  features  pesented 
by  the  axis  we  may  add :  the  arrangement  of  the  vascular  bundles  in  indistinct 
rings,  as  in  the  stem  of  a  Monocotyledon,  in  species  of  Scarzonera  and  Cen- 
iaureaf  as  weU  as  in  species  of  Cynara ;  and  the  occurrence  of  medullary  or 
cortical  vascular  bundles  in  species  in  which  these  anomalies  were  not  pre- 
viously known.  Anomalous  structure  has  recently  been  demonstrated  in 
the  fleshy  adventitious  roots  of  Thrincia  tuberosa,  DC.  (transformation  of  the 
primary  xylem-groups  of  the  vascular  system  into  steles)  and  in  the  tap-root 
of  Atraciylis  gummiferay  L.  (appearance  of  concentric  secondary  menstems 
in  the  wood  of  the  root,  and  development  of  rings  of  vascular  bundles,  which 
alternately  show  norma}  and  inverse  orientation). 

2.  Special  Anatomical  Diagnosis.  A  very  important  feature  of  the 
hairy  covering  (see  p.  457)  hes  in  the  fact  that  unicellular  hairs  really 
appear  to  be  absent  in  the  Compositae,  just  as  in  the  Papilionaceae.  G.  Fischer's 
statements  as  to  the  presence  of   unicellular  hairs  in  certain  species  of 

Ssnera  belonging  to  the  Vemonieae  and  Eupatorieae  (AgriatMus,  Bolanosa, 
oplophyllumj  Piptolepis,  Vernonia)  have  proved  to  be  incorrect  upon  rein- 
vestigation, the  basal  cells  of  the  hairs  having  been  overlooked.  Recent 
observations  have  shown  that  simple  uniseriate  clothing  hairs  with  a  long 
terminal  cell  (flagellum-trichomes)  are  very  widely  distributed.  They  occur 
in  many  genera  of  the  Vernonieae  and  Eupatorieae,  e.g.  in  species  of  Adeno- 
styles^  boihriocline,  BrickeUia^  CetUauropsis,  ElephantopuSy  LaUris,  Rolandra^ 
Soaresia^  Tdmatophila^  Vernonia^  &c.  (G.  Fischer),  as  well  as  in  species  of 
Anacyclus,  Athanasia^  Ctdcitiufn^  Hieracium^  Ltdcilia  and  Senecio.  In  Balanosa 
Coulterit  Gray  and  StUpnopappus  speciosuSy  Bak.,  the  terminal  cells  of  these 
flagellum-hairs  exhibit  a  nodose  thickening  at  their  base  (G.  Fischer),  while 
in  Cirsium  horridum,  M.  Bieb.,  the  bassd  portion  of  the  terminal  cell  is  enlarged 
in  a  campanulate  maimer  ;  in  certain  species  of  Senecio  (Wagner)  and  Anacy- 
dus  (Feuilloux)  the  terminal  ceUs  are  placed  at  an  angle  to  the  stalk,  in  the 
same  way  as  in  the  hairs  of  Brocchia  cinerea  (see  p.  458).  Uniseriate  hairs 
with  a  two-armed  terminal  cell,  which  in  other  respects  shows  varied  structure, 
have  been  demonstrated  also  in  certain  species  of  Albertinia^  CeniaaropsiSy 
Eremanihus,  Lychnophora,  OliganiheSy  PiptolepiSy  PithecoseriSy  VaniUosmopsiSy 
and  Vernonia  by  G.  Fischer,  and  in  certain  species  of  Anacydus  and  Athanasia 
by  Feuilloux ;  I  have  fotmd  them  also  in  Senecio  incanus,  L.  and  5.  unifloruSy 
All.,  which  is  not  in  agreement  with  P.  Wagner,  who  speaks  of  peltate  hairs 
as  occurring  in  these  species.  Uniseriate  hairs  with  a  stellate  terminal  cell, 
which  varies  in  the  thickness  of  its  walls  and  in  the  number  of  rays,  occur 
also  in  species  of  BlanchetiUy  Haplostephiuniy  LycnophorUy  Pipiocarpha  and 
Pipiolepis  (according  to  G.  Fischer),  in  species  of  Artemisia  and  Athanasia 
(accoroing  to  Feuilloux),  in  species  of  Vernonia  (according  to  Grimm),  and 
apparentiy  also  in  the  genera  Baccharis  and  Santolinum  (according  to  A.  Weiss) ; 
uniseriate  hairs  with  a  candelabra-like  terminal  cell  are  found  in  Scarzonera 
hisfanica,  L.  (Theorin).  These  different  forms  of  hair  in  which  the  terminal 
cells  are  simple,  two-armed  or  stellate  are  as  a  rule  only  characteristic  of  the 
species  and  not  of  the  genus.  Thus,  according  to  Feuilloux,  all  three  t3^pes  of 
hair  are  found  within  the  limits  of  the  genera  Artemisia  and  Athanasia  (hairs 
with  a  simple  terminal  cell,  for  example,  in  Artemisia  ramosay  Sm.  and  '  Aiha* 
nasia  parvifloray  L.' ;  hairs  with  a  two-armed  terminal  cell  in  Artemisia 
Absinihiumy  L.  and  Athanasia  pinnatay  L. ;  and  hairs  with  a  stellate  end-cell 
in  Artemisia  glauca.  Pall,  and  Athanasia  pubescensy  L.),  while  trichomes  with 
a  simple  and  with  a  two-armed  terminal  cell  both  occur  in  the  genus  Anacydus 
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(haiis  with  a  simple  end-cell,  for  example,  in  A.  clavaius,  Pers.,  and  two-armed 
haiis  in  A.  peduncidatus,  Pers.) ;  further,  according  to  G.  Fiscbsr/  trichomes 
with  a  two-armed  and  with  a  stellate  terminal  cell  are  found  side  by  dde  in 
Lychnophora  salicifolia.  Mart,  and  Piptolepis  ericoides^  Schultz  Bip.,  and  hairs 
with  simple  and  two-armed  end-cells  side  by  side  in  Centaurapsis  lanuginosd, 
Boj.  Clothing  hairs  of  the  shaggy  type  have  recently  been  observed. by 
G.  Fischer  also  in  HofmetsUria  plurisda^  Gray  (here  provided  with  a  papillose 
sur&ce),  Piptocttffha  lucida,  Bak.  (likewise  papillose)  and  Vemonia  inulaefolia^ 
Steud.,  as  well  as  by  Noe  von  Archenegg  in  Cirsium  harridumy  M.  Bieb.,  and 
other  species  of  Cirsium  belonging  to  the  section  Epihrackys.  The  shaggy 
hairs  found  in  the  species  of  Cirsium  occur  on  the  upper  side  of  the  leaf  and 
are  composed  of  pitted  sclerenchjmiatous  fibres,  which  penetrate  into  the 
mesophyU  in  the  form  of  a  bundle  and  thus  constitute  a  base  to  the  shag^ 
hair,  similar  to  that  found  in  many  Melastomaceae ;  ultimately  the  bundle 
of  fibres  becomes  apposed  to  the  vascular  bundle  of  a  vein.  Both  the  epidermis 
and  the  subepidermal  layer  of  cells  are  concerned  in  the  formation  of  these 
shaggy  hairs.  A  transition  to  the  shaggy  hairs  is  represented,  among  other 
forms  of  trichomes,  by  the  clothing  hairs  of  Artemisia  argentea,  L  H6rit., 
which  are  provided  with  a  narrow  elongated  terminal  cell  and  are  seated  on 
a  high  pedestal,  the  lower  tiers  of  which  are  formed  of  several  cells.  Charac- 
teristic shaggy  hairs,  showing  a  reduced  type  of  structure  and  similar  to  those 
found  in  SiUatUhes  oleracea  (Fig.  103,  N  and  p.  460),  appear  to  be  rather  widely 
distributea  on  the  floral  parts  (ovary)  in  the  Compositae  ;  they  consist  of  two 
basal  cells,  which  are  prolonged  upwards  to  an  unequal  extent,  and  two  long 
hair-cells,  which  are  joined  together  lengthways  along  one  side,  but  diverge 
apically  so  as  to  resemble  a  swallow's  ts^ ;  hairs  of  this  kind  are  found,  for 
example,  also  in  AtractyUs  gummifera,  L.  and  Carlina  acaulis^  L.  (Kerckh6ff). 
With  these  hairs  we  may  cliatss  the  peculiar  trichomes,  observed  by  Schinz  on 
the  same  organs  of  the  plant  in  Sphaeranthus  epigaeus^  Schinz ;  their  dis- 
tinctive feature  lies  in  the  fact  that  the  two  terminal  cells,  which  have  rounded 
ends,  are  spirally  wotmd  around  one  another  (with  two  turns  to  the  spiral). 

We  wUl  next  consider  the  glandular  hairs.  As  far  as  can  be  gathered 
from  G.  Fischer's  statements,  which  are  unfortunately  in  part  incomplete 
and  not  clearly  presented,  the  characteristic  biseriate  vesicular  integumental 
glands  were  observed  by  him  in  certain  Vemonieae  and  Eupatorieae ;  Tunmann 
also  met  with  them  in  Achillea,  If  we  imagine  the  appearance  of  vertical 
and  oblique  division-walls  in  these  biseriate  glands  we  obtain  the  shortly 
stalked  external  glands  found  in  Haplopappus  and  Gochnaiia ;  in  these  glands, 
which  were  not  noticed  in  the  previous  review,  the  cells  are  arranged  in 
the  three  directions  of  space  (Volkens).  Multicellular  glandular  hairs  with 
a  unicellular  head  are  found  in  species  of  BrickeUia,  Kuhnia^  and  Trichocoronis 
(according  to  G.  Fischer),  in  Senecio  Boissieri,  DC.  (according  to  P.  Wagner), 
and  in  Centaurea  (according  to  Briquet);  almost  sessile  glands  with  two 
short  basal  cells  and  a  secretory  head-cell  are  figured  by  Feuilloux  in  Athanasia 
leucodada  and  glandular  hairs  with  a  uni-  or  biseriate  stalk  and  a  spherical 
head,  divided  by  horizontal  and  vertical  walls  into  4-8  cells,  by  G.  Fischer 
in  HofmeisUria  pluriseta^  Gray ;  vesicular  integumental  glands  having  a  short 
stalk  and  resembling  the  glanc^  of  the  Labiatae,  occur  in  CetUauropsis  lanu'^ 
ginosa,  Boj.  The  extrafloral  nectaries,  observed  by  Ddpino  in  HdiatUhus 
giganieus  and  H.  tubtrosus,  have  not  yet  been  closely  examined ;  they  are 
situated  on  the  uppermost  leaves  (on  the  lower  side  near  the  base  of  the  leaf) 
in  the  neighbourhood  of  the  floral  region. 

Our  previous  knowledge  regarding  the  internal  secretory  organs  of  the 
Compositae  (see  p.  460  et  seq.)  has  been  very  considerably  extended,  especvEtOy 
by  Col's  recent  investigations. 
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Schizogenous  secretory  canals  are  found  in  certain  members  of  aU  the 
thirteen  Tribes  included  in  Bentham  and  Hooker's  system,  although  they 
are  of  rare  occurrence  in  the  Cichoriaceae.  In  this  Tribe  they  are  to  some 
extent  rieplaced  by  laticiferous  vessels,  just  as  in  certain  Cynaroideae  their 
place  is  taken  by  secretory  sacs  with  mUky  or  resinous  contents.  The  charac- 
teristic position  in  which  they  occur  is  in  the  root ;  this  statement  must  not, 
however,  be  taken  to  imply  that  they  are  not  very  frequently  found  traversing 
the  subaerial  portions  of  the  plant  as  well  (i.  e.  axis  and  leai).  No  case  is  known 
among  the  G>mp06itae  of  the  occurrence  of  secretory  canals  in  the  shoot  when 
they  are  absent  in  the  root ;  it  has  also  been  shown  that  in  those  forms  which 
have  still  other  types  of  secretory  organs,  such  as  laticiferous  vessels  or  secretory 
sacs,  the  secretory  canals,  so  to  say,  withdraw  into  the  lower  organs  of  the 
plant  and  ultimately  become  confined  to  the  root.  These  statements  already 
serve  to  show  that,  when  undertaking  a  systematic-anatomical  investigation 
of  the  Compositae,  an  examination  of  the  root  is  of  primary  importance, 
while,  if  possible,  the  entire  vegetative  organs  should  be  examined  from 
below  upwards,  in  order  to  determine  the  distribution  of  the  secretory  canals, 
and  of  the  internal  secretory  receptacles  in  general.  As  ^  as  can  be  gathered 
from  the  literature,  moreover,  the  secretory  canals  of  the  root  are  always 
distinctly  endodermal  in  origin,  while  this  is  not  always  so  in  the  case  of  the 
secretory  canals  of  the  axis.  In  many  cases,  it  is  true,  the  secretory  canals 
are  observed  to  originate  in  the  endodermis  in  the  axis  also  (see  the  examples 
mentioned  in  Col's  Thesis,  p.  99),  the  canals  thus  formed  being  for  the  most 
part  narrow.  In  other  cases,  hov^ver,  the  secretory  canals  of  the  axis  develop 
at  a  very  early  stage  and  have  no  connexion  with  the  endodermis,  which  only 
appears  subsequently;  they  seem  to  belong  to  the  primary  cortical  tissue 
and  are  of  wide  diameter.  This  occurs  very  commoidy  in  the  Heliantheae, 
which  sometimes  have  medullary  canals  as  weU,  so  that  the  secretory  system 
of  the  axis,  as  in  the  case  of  Siiphiumy  recalls  that  of  the  UmbeUiferae. 

The  previous  synopsis  of  the  arrangement  of  the  cauline  resin-canals  in  relation 
to  the  fibrovascular  svstem  (see  the  second  paragraph  of  small  print  on  p.  461) 
has  been  extended  and  improved  by  Col,  who  likewise  attributes  systematic  mipor- 
tance  to  these  features ;  we  can  do  no  more  than  briefly  refer  the  reader  to  pp.  90-3 
of  his  thesis. 

We  may  also  point  out  here  that  in  some  cases  in  conjunction  with  repeated 
divisions  in  the  endodermal  cells  the  resin-canals  of  the  root  may  occur  in  two  or 
more  rows,  e.g.  in  Platycarpha  glomerata.  Less.,  Arctotis  sioechadifolia^  Berg  and 
Venidium  calendulaceum.  Less. 

It  has  already  been  mentioned  in  the  earlier  portion  of  this  work  (pp.  461, 
462)  that,  side  by  side  with  the  endodermal  secretory  canals,  resin-canals  have 
been  demonstrated  in  other  positions  in  the  stem,  rhizome,  or  root  of  certain 
members  of  the  Order ;  these  canals  are  situated  in  the  primary  cortex,  in 
the  periphery  of  the  pith,  in  the  secondary  tissues  (wood  and  bast)  of  the 
vascular  system,  or  between  the  pericyde  and  the  phloem.  The  earlier  state- 
ments on  this  subject  require  a  few  additions  and  alterations.  Col  mentions 
the  occurrence  of  medullary  secretory  canals  in  species  of  a  few  further  genera, 
viz.  BaUimora^  Carlina^  CetUaurea,  Chrysanihemum^  Cirsiutn,  Cynara^  Gail- 
tar  dia  (rhizome),  Harpalium  (=  Hdianthus),  Podachaeniumj  Polymnia,  Tridax 
and  Zaluzania,  while  the  secretory  organs  present  in  the  pith  of  the  rhizome 
in  Intda  Hdeniumj  L.  and  Helenium  atUumnale^  L.  are  of  the  nature  of  cavities. 
Secretory  canals  are  distributed  in  the  secondary  tissues  of  the  vascular  system 
as  follows :  (a)  in  the  secondary  bast :  in  the  stem  and  root  of  Helianthus 
itAerosus  and  Ceniaurea  atropurpurea^  in  the  rhizome  of  CardunceUus  monr 
speliensium.  All.,  and  in  the  root  of  KentrophyUum  lanatum^  DC. ;  (b)  in  the 
medullary  rays  of  the  wood  and  bast :   in  the  fleshy  roots  of  Dahlia ;    and 
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(c)  in  the  wood  and  bast :  in  the  tubers  of  Heliantkus  tuberosus.  Secretory 
cavities  are  found  in  place  of  the  secretory  canals  :  (a)  in  the  medullary  rays 
of  the  bast :  in  the  root  and  rhizome  of  Artemisia  Dracuncidus^  and  in  the 
subterranean  organs  of  Atractylis  gurnmifera^  L. ;  (b)  in  the  medullary  rays 
of  the  bast  and  wood  :  in  the  root  of  Anacydus  Pyrdkritm  and  CarUna  acatdis  ; 
and  (c)  in  the  bast  and  wood  :  in  the  root  and  rhizome  of  Inula  Hdenium, 

We  may  replace  the  former  synopsis  (cf .  p.  462)  of  the  genera  of  Composi- 
tae  in  whidi  the  subaeriaJ  parts  of  the  plant  contain  no  resin-canals»  by  the 
following  enumeration  taken  from  Col's  thesis.  The  resin-canals  do  not  pene- 
trate into  the  subaerial  axis  in  species  of :  Acroclinium  (=  Helipterum), 
Adinokfis,  AnMyol&pis  (=  Hdenium),  Ammobium,  Anaphalis,  AnUnnaria, 
AfUhemts  (pro  parte  ?)^  Arctoiis^  Asteriscus  (z=  Odontospermum),  Baeria, 
Calendula,  CtUocephalus,  CardopoHum,  Cephalophora^  Cryptostemma,  Cupularia 
(=  Inula),  Dimorphotheca,  Echinops,  Elephaniopus,  Ethulia,  Eurybia  {=Olearia), 
EvaXy  Ftlago,  Gaillardia,  Gnaphalium,  Hdenium,  Hdichrysum,  Hdipterum, 
Humea,  Jasania,  Inula  (pro  parte),  Layia  {?)\  Leontopodium,  Leyssera,  Mtcropus, 
PaUenis,  Phagnahn,  Pinardia  {=  Aster  P),  Podolepis,  Podotheca^  Rhodanthe 
(=  HeUpterum),  Khynchopsidium  (^Rdhania),  Sphenogyne  (=  Ursinia),  Tar- 
chonanihus,  Tripteris,  Venidium,  Vernonia  pro  parte  (V.  anihdmintica,  Willd.), 
Xeranthemum.  To  tliis  list  we  may  add  the  species  of  Achyropappus,  Madaria, 
Madia  and  Sckkuhria,  which  have  been  examined,  although  m  these  cases  the 
secretory  canals  are  absent  only  from  the  upper  parts  of  the  axis.  In  the  new 
enumeration,  just  given,  the  Cjmaroideae  which  are  provided  with  secretory 
sacs  have  not  been  taken  into  consideration  (see  under  secretory  sacs,  below) ; 
moreover,  the  genera  Centaurea,  Eupaiorium  and  Madaria  which  were  included 
in  the  earUer  list  have  been  omitted,  since  they  possess  secretory  canals  in 
the  different  parts  of  the  axis ;  neither  have  I  included  the  genera  of  the 
Labiatiflorae  (Tribe  Mutisiaceae),  mentioned  on  p.  462  as  having  no  resin- 
canals  in  the  stem  and  leaf,  since  no  new  investigations  dealing  with  this  group 
have  been  published  and  the  old  statements  retain  their  value.  The  number 
of  species  and  genera,  as  yet  examined  in  the  various  Tribes,  is  far  too  small 
to  admit  of  a  correct  appreciation  of  the  systematic  value  to  be  attached  to 
the  absence  of  the  secretory  canals  in  the  subaerial  organs.  Yet  it  is  a  striking 
fact  that  resin-can£ds  are  wanting  in  the  subaerial  organs  in  all  the  Calendulaceae 
which  have  been  investigated,  as  well  as  in  those  Inuloideae,  which  are  included 
in  the  first  seven  subtribes  (Tarchonantheae  to  Athrixieae)  of  Bentham  and 
Hooker's  system.  But,  on  the  other  hand,  we  may  also  point  out  that, 
according  to  Col,  within  the  limits  of  the  genus  Inula,  7.  crithmoides,  L.,  for 
instance,  has  secretory  canals  in  all  the  vegetative  organs,  while  in  7.  hirta,  L. 
they  are  confined  to  the  rhizome  and  are  not  found  in  the  subaerial  shoots. 

As  regards  the  occurrence  of  secretory  canals  (side  by  side  with  latici- 
ferous  vessels)  in  certain  Cichoriaceae  (cf.  pp.  462,  463),  we  may  add  that  they 
are  present  not  only  in  Scolymus  grandiflarus,  but  also  in  S.  hispanicus  sjid 
5.  maculatus,  that  is  to  say  in  all  the  species  of  the  genus  (Col  and  Kniep). 
Doubling  of  the  endodermis  in  the  absence  of  resin-canals  has  also  been  observed 
in  the  root  of  Podospermum  laciniatum  (Col). 

According  to  Feuilloux,  secretory  cavities  (see  p.  463)  also  occur  in  the  leaf 
in  ntunerous  species  of  Athanasia  (but  not  in  i4.  leucociada  and  A.  pinnata,  L.), 
and,  if  I  tmderstand  Paschkis  rightly,  they  are  present  also  in  the  mesophyll 
of  Liairis  odoraUssima,  Willd.  (=  Trilisa  odoratissima,  Cass.).  It  remains  to 
investigate  whether  the  cavities  in  these  plants  and  in  those  formerly  named 
take  the  place  of  the  secretory  canals  in  the  leaf  or  whether  they  exist  side  by 


^  According  to  Col,  Antkemis  nobilis  has  resin-canals  in  the  base  of  the  stem  only. 
*  Th«  base  of  the  stem  has  not  yet  been  investigated  in  this  case. 
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side  with  them.    For  it  has  been  shown  that  in  other  organs  the  secretory 
cavities  are  occasionally  vicarious  in  their  occurrence. 

Secretory  cavities  have  been  observed  in  organs  other  than  the  leaf  in  the 
following  Compositae:  Anacyclus  Pyrethrum  (medullary  rays  of  the  wood  and 
hast  of  the  root) ;  Artemisia  Dracunculus  (primary  cortex  and  medullary  rays  of 
the  bast  of  the  root,  medullary  rays  of  the  oast  of  the  rhizome) ;  Atraciylis  gum" 
frnfera,  L.  (medullary  rays  of  the  bast  of  the  subterranean  organs) ;  Carlina  acindis 
(medullary  rays  of  the  wood  and  bast  of  the  root) ;  Cirsium  lanceolatum.  Scop, 
(at  certain  levels  in  the  stem  in  place  of  the  secretory  canals),  C.  rivuiate^  Link 
(in  the  rhizome,  replacing  the  secretory  canals) ;  Echinops  Ritro,  L.  and  £.  sphaero- 
c&phalust  L.  (endodermis  of  the  rhizome) ;  Gaillardia  pulchella  (in  the  axis  of  the 
shoot  to  the  rif ht  and  left  of  the  points  of  insertion  of  the  leaves,  somewhat  of  the 
nature  of  canals) ;  Helenium  auiumnale,  L.  (pith,  primary  cortex,  and  endodermis 
of  the  rhizome) ;  Inula  Helenium,  L.  (bast  and  wood  of  the  root  and  rhizome ;  in 
the  latter  also  in  the  pith) ;  Inula  britannica,  /.  Conyza,  DC.,  also  /.  bifrans,  L.  (endo- 
dermis of  the  rhizome) ;  Onapardon  Acanthium,  L.  (endodermis  of  the  base  of  the 
shoot). 

There  is  nothing  to  add  regarding  the  laticiferous  vessels  of  the  Cichoria- 
ceae  (p.  463),  but  a  few  new  facts  as  to  the  occurrence  of  these  secretory  organs 
outside  this  Tribe  (cf.  p.  463)  have  become  known.  Laticiferous  ve^els  had 
previously  been  demonstrated  in  the  pericycle  and  bast  of  the  axis,  as  well 
as  in  the  veins  and  ground  tissue  of  the  leaf  in  Gundelia  TourneforHi,  L.,  a 
member  of  the  Arctotideae.  Col  has  since  found  them  in  another  genus  of  the 
Arctotideae  (viz.  in  Gazania  spUndens  x  Hort.  Angl.^)  as  well  as  in  Carlina 
(Tribe  C5maroideae,  Subtribe  Carlineae*),  while  Kerckhoff  records  them  in 
Atraciylis,  a  genus  very  closely  related  to  Carlina. 

The  laticiferous  vessels  of  Gazania  splendens  show  a  primitive  type  of  struc- 
ture. Where  the  cells  abut  upon  one  another  their  longitudinal  walls  are  locally 
resorbed,  but  true  transverse  bridges  are  not  formed ;  some  of  the  transverse 
walls,  moreover,  are  persistent.  Further,  the  latidferous  vessels  of  Gazania 
are  confined  to  the  pericycle  of  the  axis  and  the  veins  of  the  leaf;  in  the 
root  they  are  replaced  by  latex-ceUs,  which  are  either  isolated  or  arranged  in 
longitudinal  rows  and  are  situated  in  the  secondary  bast.  According  to  Kerddioff, 
the  laticiferous  vessels  of  Atractylis  gummifera  are  identical  in  structure  with  those 
of  Gazania ;  they  occur  in  the  secondary  bast  of  the  subterranean  parts  of  the 
plant,  especially  in  the  tap-root  and  in  the  axial  parts  of  the  root-stock. 
As  regards  Carlina,  lastly,  Col  publishes  the  following  details.  In  C.  caule- 
scens.  Lam.  the  pericycle  of  the  subaerial  axis  includes  elements  of  the  nature  of 
laticiferous  vessels,  although  their  origin  by  fusion  is  very  difficult  to  determine. 
In.  C.  acanthifolia.  All.  the  root  and  shoot  contain  laticiferous  vessels  composed 
of  relatively  short  cells  in  which  some  of  the  transverse  waUs  are  not  absorbed ; 
these  elements  occur  in  the  bast  and  pericyde  respectively.  The  fact  that  in 
Gazania  the  laticiferous  vessels  are  replaced  by  latex-ceUs  and  that  Carlina  vulgaris, 
L.  has  latex-ceUs  only  (in  the  pericycle  of  the  axis)  and  no  laticiferous  vessels, 
indicates  the  dose  relationship  of  the  two  types  of  secretory  elements.  In  order 
to  complete  the  account  of  the  secretory  organs  found  in  those  genera  which  are 
provided  with  latidferous  vessels,  we  may  mention  that  in  Gazania  endodermal 
secretory  canals  occur  only  in  the  root  (in  addition  to  the  latex-cells  in  the  bast 
already  referred  to  above),  that  in  Atractylis  secretory  cavities  are  found  in  the 
subterranean  organs,  and  that  Carlina  has  both  secretory  cavities  and  endodermal 
secretory  canals, — the  latter,  for  example,  in  the  root  of  C.  caulescens  and  in  the 
ropt  and  axis  of  C.  vulgaris. 


'  Other  membeiB  of  the  Arctotideae  ezamined  by  Col  do  not  possess  these  secretory  oiguis, 
e.  g.  Platy€€Brpha,  in  which  endodermal  secretory  canals  have  been  demonstrated  in  the  root,  and 
Arctctis,  Cryptostemma  and  Venidium,  which  have  endodermal  secretory  canals  in  the  root  only  and 
not  in  the  stem. 

'  In'  other  members  of  the  Snbtribe  Carlineae,  which  he  investigated,  Col  did  not  observe 
latidferoos  vessels,  bat  merely  rows  of  latex-cells,  nor  were  these  fonnd  in  eveiy  case. 
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In  place  of  the  earlier  statements  regarding  secretory  cells  with  resinous 
or  nulky  contents  (see  the  first  paragraph  on  p.  46^)  the  following  details 
may  be  inserted.  The  secretory  sacs  in  question,  which  are  often  the  cause 
of  a  very  considerable  exudation  of  milky  juice  from  the  organs  in  which  they 
occur,  are  closely  related  to  the  laticiferous  vessels  by  means  of  the  transitionaJ 
forms  above  discussed ;  they  are  for  the  most  part  much  elongated,  and, 
as  a  rule,  occupy  the  same  position  as  the  laticiferous  vessels,  i.e.  they  are 
fotmd  on  the  inner  side  of  the  endodermis,  external  to  the  bast-groups  of  the 
vascular  system.  Whenever  there  is  a  development  of  primary  hard  bast, 
the  secretory  sacs  are  apposed  to  its  outer  side ;  in  some  cases  they  even 
penetrate  into  the  group  of  primary  hard  bast  itself  or  are  embedded  in  it. 
In  certain  species  the  secretory  sacs  are  found  also  at  the  periphery  of  the 
pith,  very  rarely  in  the  bast  as  well.  As  regards  their  distribution  we  may 
first  mention  that  they  occur  only  in  a  few  representatives  of  the  Arctotideae 
and  Vemonieae,  but  are  more  commonly  found  in  the  Tribe  Csmaroideae ; 
in  the  latter,  however,  they  are  confined  to  the  Subtribes  CarUneae  and  Car- 
duineae  (being  absent  in  the  Subtribes  Echinopsideae  and  Centaureeae)  \ 

Secretory  sacs  have  been  observed  in  the  following  species:  I.  In  the  tribe 
Aictotideae :  in  Gazania  splendens  (in  the  secondary  bast  of  the  root ;  for  the 
laticiferous  vessels  present  in  the  pehcycle  of  the  axis,  see  above).  II.  In  the  Tribe 
Vemonieae :  in  Vernonia  praealta  (outer  portion  of  the  primary  bast  of  the  root ; 
pericycle  of  the  rhizome  ;  pith,  primary  cortex,  and  bast  of  the  axis  of  the  shoot ; 
^renchyma  of  the  veins  and  mesophyll  of  the  leaf),  V.  arkansana^  DC.,  V.  eminens, 
bisch.,  V.  flexuosa,  Sims.,  K.  noveboracensis,  Willd.,  but  not  in  V.  anthelmintiaa, 
Willd.  III.  In  the  Tribe  Cynaroideae  :  i.  Subtribe  Carlineae :  in  Atractylis  cancel- 
lata,  L.  (pericycle  of  the  axis),  Chardinia  xeranthemoides,  Desf.  (as  in  the  preceding 
species),  Carhna  graeca^  C.  racemosa,  L.  and  C.  vulgaris,  L.  (as  in  the  preceding 
species ;  for  the  laticiferous  vessels  of  C.  acanthaefolia  and  C.  caulescens  and  the 
transitional  forms  related  to  them,  see  above).  2.  Subtribe  Carduineae  :  in  Alfredia 
'  solenopis  *  (?  sphalm.  ex  *  stenolepis  ' ;  pith  and  pericycle  of  the  axis) ;  Arctium 
'  lanuginosum^  DC  (pericycle  of  the  axis) ;  Berardia  (axis) ;  Carduus  nutans,  L. 
and  o.  tenuiflorus.  Curt,  (pericycle  of  the  axis) ;  Cirsium  arvense.  Scop,  (pericycle 
and  pith  of  the  upper  parts  of  the  axis  and  the  leaves),  C.  eriophorum.  Scop.,  C 
lanceolatum.  Scop.,  C.  monspessulanum,  AIL,  C.  oleraceum,  C.  falustre.  Scop,  and 
C.  rivulare.  Link ;  Cousinia  Hystrix,  C.  A.  Mey.  (axis) ;  Galactttes  tomeniosa  (peri- 
cycle and  pith  of  the  axis) ;  Jurinea  alata  (axis) ;  Lappa  minor,  DC.  (pericycle 
and  pith  of  the. axis),  L.  major ;  Onopordon  Acanthium,  L.  (pericycle  ana  pith  of 
the  axis  and  leaf) ;  Silybum  Marianum,  Gaertn.  (pericycle  of  the  upper  parts  of 
the  axis,  not  in  the  leaf) ;  Staehelina  dubia,  L.  (pericycle  of  the  veins  of  the  leaf, 
not  in  the  stem) ;   Warionia  (axis). 

Within  the  Umits  of  the  Tribe  Cynaroideae  secretory  sacs  have  been 
shown  to  be  absent  in  species  of  Cardopaihium  and  Xeranthemum  (Subtribe 
Carlineae)  and  in  species  of  Cnicus  (Chamaepeuce),  Cynara  and  Saussurea 
(Subtribe  Carduineae),  as  well  as  in  the  Subtribes  Echinopsideae  (species  of 
Echinops)  and  Centaureeae  (species  of  CardunceUuSj  Carthamus  incl.  KenirO' 
phyUum,  Ceniaurea  and  Serratula), 

Secretory  sacs  have  not  as  yet  been  demonstrated  in  the  root  in  any 
member  of  the  Cynaroideae,  as  will  be  seen  by  reference  to  the  synopsis  given 
above ;  in  certain  species,  moreover,  they  are  confined  to  the  upper  regions 
of  the  shoot,  viz.  to  the  upper  part  of  the  axis  and  the  upper  kaves.  The 
feature  last  mentioned  of  course  very  considerably  restricts  the  value  of  the 
secretory  sacs  for  practical  systematic  piu^)oses  ;  its  explanation  is  to  be  found 
in  the  fact  that  in  the  more  closely  investigated  Cjmaroideae  (belonging  to  the 
genera  Carduus,  Carlina,  Cirsium,  Lappa,  Onopordon  and  Silybum),  in  which 


'  It  isTeiymdch  to  be  desired  that  a  more  detailed  investigation  of  the  secretory  oigans  in  these 
.Tribes  and  Subtribes  should  be  undertnken  on  material  from  nomerons  genera. 
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the  secretory  sacs  are  accompanied  by  secretory  canals,  the  two  t3^pes  of 
secretory  organs  are  vicarious  in  their  occurrence,  inasmuch  as  the  secretory 
sacs  more  or  less  replace  the  canals  as  one  advances  from  the  base  towards  the 
apex  of  the  plant. 

Thus  in  Carlina  vulgaris,  for  example,  the  root  contains  endodermal  resin-canals, 
which  even  penetrate  into  the  lowest  portions  of  the  axis  ;  higher  up  in  the  stem 
they  are  replaced  by  secretory  cavities  and  ultimately  by  latex-cells  situated  in 
the  pericycle.  The  rhizome  of  Cirsium  arvense  has  endodermal  and  medullary 
resin-canals,  which  extend  into  the  lower  portion  of  the  subaerial  axis,  but  soon 
exhibit  a  decrease  in  number  and  at  a  higher  level  become  crowded  out  by 
medullary  and  p»ericycUc  secretory  sacs.  A  similar  relation,  although  it  is  not 
so  marked,  obtains  between  the  secretory  canals  and  the  laticiferous  elements 
in  Gazania  and  Vemonia ;  this  finds  its  expression  in  the  fact  that  endodermal 
resin-canals  occur  onlv  in  the  root  (here  side  by  side  with  laticiferous  elements)  and 
not  in  the  stem,  which  is  rich  in  latex. 

To  complete  our  synopsis  of  the  secretory  organs  found  in  the  Cynaroideae 
it  remains  to  mention  that  those  members  of  the  Tribe  which  have  no  secretory 
sacs  either  possess  secretory  canals  or  have  no  secretory  organs  whatever.  Secretory 
canals  alone,  not  accompanied  by  laticiferous  sacs,  have  been  observed  in :  Echi- 
nops  (Subtribe  Echinopsideae,  here  confined  to  the  root),  Cnicus,  Cynara  and 
Saussurea  (Subtribe  Carduineae),  and  the  investigated  Centaureeae  (see  above) ; 
neither  secretory  canals  nor  secretory  sacs  are  present  in  species  of  CardopaHum 
and  Xeranthemum  (Subtribe  Carlineae). 

In  concluding  the  discussion  of  the  secretory  organs  we  have  still  to  refer 
to  the  occurrence  of  ordinary  ceUs  of  which  the  contents  are  resinous  or 
resemble  latex,  although  the  cells  are  not  differentiated  as  idioblasts.  In 
some  cases  such  cells  appear  to  occur  in  place  of  secretory  canals  or  latex-sacs. 

To  this  category  belong  the  elements  found  in  Echinofs  exaltcUus  and  TageUs 
pahUa  and  described  as  resin-cells  on  p.  462,  as  well  as  the  oil-containing 
endodermis  of  Chaptalia  tomentosa  referrea  to  on  the  same  page.  Such  cells  are 
also  found  in  the  following  species  :  Barnadesia  rosea  (fyast  of  the  root) ;  Cousinia 
Hystrix  (medullary  ratys  of  the  wood  and  bast  of  the  rhizome) ;  Eurybia  argophylla, 
Cass,  (medullary  and  cortical  parenchyma  of  the  axis  and  petiole) ;  Staehelina 
dubia,  L.  (in  the  bast  (here  tubular),  and  in  the  pericycle  of  the  axis) ;  Tarcho- 
nanthus  camphorattis,  L.  (in  the  bast  of  the  axis  and  leaf). 

Among  other  forms  of  excretion  of  oxalate  of  lime  (see  p.  464)  clustered 
crystals,  some  of  which  were  of  large  size,  were  found  by  G.  Fischer  in  numerous 
members  of  the  Vemonieae  and  Eupatorieae  (species  of  Bolanosa^  Eremanikus, 
Lychnophora,  PacouritM^  Vernonia^  etc.),  and  by  Heering  in  species  of  Baccharis. 
Bundles  of  small  acicular  crystals  occasionaUy  {Cirsium  arvense)  occur  also 
in  the  epidermis  of  the  leaf.  The  small  crystals  covering  the  leaves  in  Liairis 
odoratissima  consist  of  cumarin. 

To  the  statements  on  the  structure  of  the  leaf  (p,  464)  we  may  add  the 
following  details.  According  to  Greenman,  the  upper  epidermis  m  Senecio 
chalapensiSy  Wats.  var.  areolatus^  Greenm.  is  papiUose.  According  to  Grimm, 
Vernonia  Luschnathiana  has  a  two-layered  hypoderm  on  the  upper  side  of  the 
leaf.  The  vascular  system  in  the  veins  of  the  leaf  frequently  possesses  a  distinct 
parenchyma-sheath.  For  the  occurrence  of  water-pores  in  the  Compositae, 
see  Spanjer,  loc.  cit. 

New  details  as  to  the  structure  of  the  ground  tissue  and  fibrovascular 
system  in  the  stem  of  the  herbaceous  members  of  the  Order  are  to  be  found 
in  the  papers  of  Keseling  on  Achillea  Sect.  Ptarmica,  of  Peter  on  Scorzonera, 
of  Kruger  on  the  Cichoriaceae,  and  of  P.  Wagner  on  Senecio.  The  structural 
variations,  which  can  be  employed  for  specific  diagnosis,  refer  especially  to 
the  development  of  collenchyma  and  hard  bast,  the  nature  of  the  endodermis 
and  of  the  tissue  composing  the  medullary  rays,  and  so  on.    According  to 
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Mdbius  a  feature  deserving  special  mention  is  the  peculiar  occurrence  of 
assimilatory  tissue  in  the  primary  cortex  of  Xanihium  strumarium ;  this  tisstle 
is  confined  to  short  strips  on  the  stem,  the  epidermis  above  these  strips  alone 
containing  stomata. 

Septation  of  the  pith  has  been  observed  by  Harshberger  and  Greenman 
in  the  xerophilous  species,  Senecio  praecox,  DC,  while  in  other  species  of 
Senecio  the  central  portion  of  the  pith  commonly  undergoes  resorption.  The 
dividing  septa  in  S.  praecox  are  formed  by  cells  which  store  up  water. 

We  will  now  turn  our  attention  to  the  anomaJous  structure  presented 
by  the  axis  in  many  Cichoriaceae  and  certain  representatives  of  other  tribes, 
the  previous  descnption  of  which  was  comprised  tmder  the  heading  of 
'  medullaiy  bundles '  (phloem-  and  vascular  bundles,  see  p.  467).  We  may 
first  mention  that  recent  investigations  deahng  with  these  anomalies  have 
been  published  by  A.  Peter  {on  Scarzonera),  Kriiger  (on  the  Cichoriaceae), 
and  Col  (on  the  TubuUflorae).  In  addition  to  the  modifications  previously 
described,  a  further  one  has  been  observed  in  certain  species  of  the  genus 
Scorzonera  ;  in  this  case  medullary  vasctdar  bimdles  do  not  stand  out  plainly 
in  the  transverse  section  of  the  stem,  all  the  bundles  being  arranged  in  two 
or  more  not  very  distinct  rings ;  a  sin^ar  structure  is  met  with  also  in  certain 
species  of  CerUaurea,  e.  g.  C.  acaulis  and  C.  alata  (see  under  '  cortical  bundles,' 
p.  468).  According  to  Peter  and  Kruger  some  of  the  manifold  variations, 
found  even  within  the  limits  of  one  and  the  same  genus  in  the  Cichoriaceae, 
are  of  value  in  specific  diagnosis  ;  in  illustration  of  this  statement  the  synopsis 
of  Uiese  characters  in  the  genus  Scorzonera  may  be  quoted  from  Peter's 
work. 

The  species  of  Scorzonera  may  be  classified  in  the  following  four  groups: 
I.  Vascular  bundles  collateral  with  normal  orientation  (L  e.  wood  on  the  inner  and 
bast  on  the  outer  side)  and  arranged  in  several  indistinct  rings,  as  seen  in  the  trans- 
verse section  of  the  stem  :  5.  eriosperma,  M.  Bieb.,  5.  hirsuta,  L.,  5.  ensifolia,  M.  Bieb., 
5.  nervosa,  Trev.,  5.  cretica,  Willd.,  5.  iomerUosa,  L.  II.  Vascular  bundles  of  unequal 
size,  collateral,  and  normally  orientated,  showing  a  rather  distinct  arrangement 
in  two  lings :  5.  rigida,  Auch.,  S.pyemaea,  Sibth.,  5.  subaphylla,  Boiss.,  5.  ramo- 
sissinutf  DC.,  5.  cinerea,  Boiss.  Hi.  Vascular  bundles  in  a  sunple  ring  with  normal 
orientation,  the  pith  containing  scattered  strands  of  soft  bast  wim  or  without 
a  rudimentary  xylem-mass,  the  medullary  bundles  in  l^e  former  case  being  in- 
versely orientated ;  in  this  group  the  peripheral  vascular  bundles  are  either  (a) 
bicollateral :  5.  lati folia.  Vis.,  5.  mollis,  M.  Bieb.,  5.  elata,  Boiss.,  5.  hispanica, 
L.,  5.  papposa,  DC.,  5.  incisa,  DC,  5.  limnophila,  Boiss. ;  or  (h)  collateral :  5. 
aristata,  Kam.  IV.  Vascular  bundles  in  a  smiple  ring  with  normal  orientation^ 
medullary  strands  absent;  the  vascular  bundles  being  either  (a)  bicollateral; 
5.  stricta,  Homem.,  5.  inaequiscapa,  Boiss.,  5.  crocifolia,  Sibth.,  5.  macrocephalOy 
DC>  ;  or  (h)  collateral :  5.  lanata,  M.  Bieb.,  5.  tuberosa.  Pall.,  5.  humilts,  L., 
5.  parvifolia,  Jacq.,  5.  sericea,  Auch.,  5.  viUosa,  Scop.,  5.  austriaca,  Willd.,  5.  pur- 
purea, L.,  5.  cilicica,  Boiss.,  5.  eriophora,  DC. 

To  the  list  (p.  467)  of  Cichoriaceous  genera,  in  which  some  of  the  species  at 
least  have  medullary  bundles  (in  the  broader  sense)  in  the  stem,  we  may  add 
Hymenonema ;  among  the  genera  of  Cichoriaceae  in  which  medullary  bundles 
are  wanting  we  may  include :  Aposeris,  Haenseleria,  Hispidella,  Lagoseris,  Lygo- 
desmia,  Meiabasis,  Notobasis,  Podospermum,  Richardia,  Sonchus,  Tragopogon  and 
Urospermum. 

Outside  the  Cichoriaceae  (see  p.  468)  medullary  vascular  bundles  have  been 
recorded  by  Col  in  Cardopatium  corymbosum  and  Kentrophyllum  lanatum.  Accord- 
ing to  the  same  author  the  leaf-trace  bundles  in  many  TubuUflorae  exhibit  strands 
of  soft  bast  on  their  inner  side  prior  to  entering  the  ring  of  btmdles,  these  strands 
occasionally  joining  up  with  the  outer  phloem  in  an  annular  manner ;  in  some 
cases  these  intraxylary  strands  of  soft  bast  continue  their  course  on  the  inner  side 
of  the  ring  of  bundles  for  some  little  distance  {Balduina  mulHfiora)  or  they  may 
persist  altogether  {Actinomeris  aUemifolia), 
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To  the  category  of  cortical  vascular  bundles  we  may  refer  the  bundles 
situated  in  the  pericycle  in  Achillea  filipendidina  (according  to  VuiUemin), 
Madia  sativa^  Atractylis  cancellata  and  species  of  Anihemis  (according  to  Col), 
and  the  vascular  bundles  occasionally  occurring  in  the  cortex  of  Hdenium 
aulumnale  (consisting  of  one  large  bundle  with  smaller  ones  arranged  in  a 
ring ;  likewise  according  to  Col).  We  may  also  mention  here  the  anomalous 
structure  presented  by  the  stem  of  Cynara  Carduncidus,  L.,  and  C  Scoly- 
mus,  L.  The  transverse  section  shows  irregularly  arranged  vascular  bundles 
which  are  of  imequal  size  and  occasionally  lie  together  in  groups  of  two  or 
three ;  the  bimdles  in  these  groups  may  have  either  the  xylem-  or  phloem- 
portions  directed  towards  one  another.  Cortical  vascular  bimdles,  lastly,  are 
found  not  only  in  Senedo  Doria  (see  the  earUer  part  of  this  work),  but  also  in 
5-  coriaceus^  Ait.,  and  S.  macrophyllus,  M.  Bieb.,  both  belonging  to  the  same 
subsection  Sarracenid  (P.  Wagner). 

Note  (of.  p.  468).  New  examples  of  anomalous  structure  in  the  root  have 
been  observed  in  Thrincia  tuberosa,  DC.  by  Maige,  Gatin,  and  Carano,  and  in 
Atractylis  gummifera,  L.  by  Kerckhofi.  In  the  swollen  parts  of  the  adventitious 
roots,  arising  from  the  base  of  the  stem  in  Thrincia  tuberosa,  the  primary  xylem- 
|;roupKS  of  the  vascular  system  become  surrounded  by  a  meristematic  ring,  which 
IS  derived  from  the  normal  cambium  and  produces  wood  internally  and  bast  exter- 
nally. In  this  way  the  primary  xylem-groups  become  transformed  into  steles. — 
The  anomaly  shown  by  the  tap-root  of  Atractylis  gummifera  consists  in  the  occur- 
rence of  successive  concentric  rings  of  vascular  bundles  in  the  wood.  The  bundles 
of  the  first  hn^  show  inverse  orientation  (the  xylem  being  on  the  outside),  those 
of  the  second  nng  normal  orientation,  those  of  the  third  again  inverse  orientation, 
and  so  on.  In  this  way  Kerckhoff  was  able  to  distinguish  five  rings  of  bundles  in 
a  root  of  some  thickness.  At  certain  points  groups  of  vascular  bundles  belon^g 
to  the  two  inner  rings  unite  to  form  actual  steles.  The  anomalous  structure  just 
described  can  also  be  detected  in  an  early  stage  of  development  in  axial  parts  of 
the  root-stock. 

Uteratnre:  Uhlwonn,  Entwiddungsgesch.  d.  Trichome,  Bot.  Zeit,  1873,  p.  826.— Faivre, 
Tragopogon  porrifoUus^  Comptes  rendas  Paris,  Ixxxviii,  1879,  pp.  269-73  ;  [also  M^m.  Acad.  d.  sc., 
letties  et  arts  de  Lyoa,  xziii,  1878-9,  pp.  361-419.] — [Paschkis,  Minder  bek.  Blatter,  Zeitschr. 
osterreich.  Apotheker-Ver.,  1879,0.  a8  et  seq. ;  abstr.  in  Just,  1879,  ii,  p.  3a6.1'Costantin,  Tiges  a^r. 
et  sont,  Ann.  sc.  nat,  s^r.6,  t.  xvi,  1883,  p.  147  ctseq. — Mari^,  Semencontra,  Th^,  Paris,  1884,  p.  35 
et  seq.  and  pi.  ii. — Jadin,  Org.  s^cr^t.,  Th^,  Montpellier,  1888,  p.  39  et  seq.— Delpino,  Nettaiii 
estranuz.  nelle  Eliantee,  Malpighia,  iii,  1889,  p.  344.— K.  MtiUer,  Freie  Gefassbiindel,  Sitz.  Ber. 
oaturf.  Frennde  Berlin,  1890,  n.  7. — Van  Tieghem,  Faisc  cribl^  mM.  de  la  tige  des  Composit, 
Joum.  de  bot.,  v,  1891,  pp.  343,  344.— Lothelier,  Epines,  Th^,  Paris,  1893,  p.  46  and  pi.  i.— 
[Tognini,  Stomi,  Atti  1st.  bot.  Pavia,  1894.]— Boergesen,  Arkt.  pi.  bladbygn.,  Bot.  Tidsskrlft,  xix, 
1895,  p.  219  et  seq. — Kerckhoff,  Carlina  acaulis  toiS.  Atractylis  gummifera^  Diss.,  Erlangen,  1896, 
pp.  33-49  *"^d  Tab. — [Parmenticr,  in  M^m.  Soc.  d'^mulation  Doubs,  1896,  p.  337  {Erigerim'),'\ — 
[Kowley,  Aeration  etc.  in  Mikania^  Proceed.  Americ.  Microscop.  Soc,  xv,  1897?,  pp.  143-66 .J — 
Schabert,  Parenchymscheiden,  Bot.  CentralbL,  1897,  iv,  p.  63.~Ph.  Wagner,  Neuere  Drogcn,  Diss., 
Erlangen,  1897,  pp.  67-77  {Spiloftihes).-^.  Fischer,  Vergl.  Anat.  d.  Bl.  d.  Compositen,  Diss., 
Erlangen,  1898,  110  pp.,  4  Tab.  (Eupatorieae  and  Vemonieae). — Guffroy,  ^i^mn'frjn,  Bull.  Soc  bot. 
de  France,  1898,  p.  343. — Harshbei^r,  Senecio  praecox^  Contrib.  Bot  Laborat.  Pennsylvania  Univ., 
ii,  1898,  pp.  31-40  and  pi.  vii,  viii.— Kesding,  Entwicklungsgesch.  u.  veigl.  Anat.  d.  Axen  d. 
Sekt  Ptarmica  d.  Genus  Achillea,  Diss.,  Lausanne,  1898,  69  pp.,  5  Tab. — ^Fr.  Kriiger,  Anat. 
Bau  d.  Stengels  bei  den  Compositae-Cichoriaoeae,  Diss.,  Gottingen,  1898,  80  pp. — Noe  von 
Archenegg,  Blattborsten  von  Cirsium  horridum,  dsterreich.  bot.  Zeitschr.,  1898,  pp.  409-13,  and 
Tab.  xi. — ^A.  Peter,  Anat.  Bau  d.  Steng.  in  der  Gatt.  Scorvmera,  Gottinger  Nachr.  d.  Gesellsch.  d.  W., 

1898,  pp.  9-30. — Schinz,  Spkaeranthus  epigaeus.  Bull.  Herbier  Boissier,  1898,  pL  16. — Spanier, 
Wasserapparate,  Bot.  Zeit.,  1898,  i,  p.  54. — Chapus,  Senecio  leucantk^mif alius,  Th^se,  Montpellier, 

1899,  ppl  14-33. — Col,  Appareil  s^cr^t.,  Journ.  de  bot.,  xiii,  1899,  pp.  334-49. — Heering,  Assimila- 
-tionsorg.  d.  Gatt.  Baccharis,  in  Engler,  Bot.  Jahrb.,  xxvii,  1899,  pp.  446-84 ;  and  Diss.,  Kiel. — 
Jlirsch,  Entwickl.  d.  Haare,  Diss.,  Berlin,  1899,  p.  33  et  seq.— P.  Wagner,  Vergl.  anat  Untersuch. 
•d.  Achsen  d.  Gatt  Semcic,  Diss.,  Lausanne,  1899,  115  pp.,  6  Tab.— Kcamy,  in  Contrib.  U.  S.  N. 
Herb.,  v,  n.  5, 1900,  pp.  305-9. — Paulesco,  Struct,  anat  des  hybrtdes,  Th^,  Geneve,  1900,'p.  39  et 
•seq.  {Achillea,  Senecio,  Cirsium), — Schleidiert,  Xerophyten  bei  Jena,  Naturwiss.  Zeitschr.,  1900, 
^'4h^{Centaurea). — Thomas,  Feuillessout,Thte,  Paris,  1900. — Tunmann,Sekretdriisen,  Diss., Bern, 

1900,  pp.  44-8  and  Tab.— Col,  App.  t/kciii..  Journal  de  bot,  xv,  1901,  pp.  i66-8.'Dye,  Unterird. 
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Org.  V.  Vaieriamij  likeum  n.  Inuhi  Diss.,  Bern,  1901,  pp.  65-87  and  Tab.  ii,  iii.— Fenillouxj 
Appareil  tect.  et  glandnl.  d.  Composit.,  These,  Paris,  1901,  71  pp. — [Lloyd,  Anat  of  Chrysama 
paucifiosculosa^  BolL  Torrey  bot  Club,  1901,  p.  445 ;  abstr.  in  Just,  1901,  ii,  p.  380.] — Lund  Samsoe 


Appareil  tect.  et  glandnl.  d.  Composit.,  These,  Paris,  1901,  71  pp. — [Lloyd,  Anat  of  Chryscma 
^(uui^culosa,  BnlL  Torrey  bot.  Club,  1901,  p.  445 ;  abstr.  in  Just,  1901,  ii,  p.  380.] — Lund  Samsoe 
og  R^tmp,  Cirsium  arvense,  K.  Dandce  Vidcnak.  Selsk.  Skriiter,  x,  1901,  313  pp.,  3  Tab.,  especially 


p.  331  et  seq.  and  Rdsum^,  p.  306. — Molisch,  Milchs;  n.  Schleims.,  190X,  pp.  67  and  77. — Bouygoes, 
Petiole,  Thte,  Paris,  i^^a,  p.  17. — Briquet,  Monogr.  d.  Centaarte  des  alp.  marit.,  Bfile  et  Geneve, 
190a,  pp.  3  and  i7etseq. — Clanditz,  Blattanat.  canar.  Gew.,  Diss.,  Basel,  190a,  pp.  13, 14  {Ji^leima). 
— FalnicinSy  Lanbblattanat.,  Beih.  a.  bot.  Centralbl.,  xii,  190a,  p.  314  {Semcio).---GTti&aBaLa, 
Monogr.  d.  noid-  n.  zentralainerik.  A.  d.  Gatt.  Shiecw,  in  Eugfer,  Bot.  Jahrb.,  xxxii,  190a,  pp.  4,  6 
and  8  et  seq. — Hohlke,  in  Beih.  z.  bot  CentialbL,  xi,  190a,  p.  41. — Maige  et  Gatin,  Stmct  rac. 
tubercnl.  da  TTkrina'a  hiriay  Comptes  rendns,  Paris,  cxzziy,  190a,  pp.  30a,  303.~Mardner,  Phan.- 
Veget.  d.  Keignelen,  Diss.,  Basel,  190a,  pp.  iS-aa  {Caiula\ — Neger,  in  Beih.  z.  bot  Centralbl.,  zi, 
1903,  p.  553. — Tobler,  Uispmng  des  peripner.  Stammgew.,  m  Pringsheim  Jahrb.,  190a,  p.  ia9  et  seq. 
— [Annari,  Piante  delU  reg.  medit,  Ann.  di  Bot,  i,  1903,  p.  17  et  seq.  {Artemisia^  SeHccio)J] — 
[Carano,  Stmtt.  deUe  radid  tnberizzate  del  Thrituia  tuberosa^  Ann.  di  Bot,  i,  1903,  pp.  i99-ao5, 
tab.  X ;  abstr.  in  Bot  CentialbL,  xcv,  p.  359.] — Col,  Appareil  sto^tenr  int.  d.  Composit,  Th^se, 
Paris,  1903,  135  pp.;  sep.  copy  from  Jonm.  de  bot,  1903,  pp.  as  a  and  a89  et  seq.,  and  1904, 
pp.  no  and  153  et  seq. — [Knpfer,  Anat  and  phys.  of  Baccharis  genisteilaides.  Bull.  Torrey  bot  Clnb, 
3Q^i  I903>  PP-  685-96 ;  abstr.  in  Bot.  Centralbl.,  xcv,  p.  a90.>--Theorin,  Vaxttrichom.,  Arkiy  (or 
Bot,  i,  1903,  p.  153.— Chrysler,  Strand  plants,  Bot.  Gazette,  xxxvii,  1904,  p.  461  {XofUhium). — 
Col,  Faisoeanx,  Ann.  so.  nat,  siSr.  8,  t.  xx,  1904,  pp.  133,  18a,  and  a3i  et  seq. — Freidenfeldt,  Anat. 
Ban  d.  Wnrzel,  Bibl.  bot.  Heft  61,  1904,  p.  74.— Grimm,  Vergl.  Anat.  d.  Composit.-Blatter,  Diss., 
Kiel,  1904,  pp.  4-33  {Verttcnia). — Mobius,  Xanihium  strumarium,  Ber.  dentsch.  bot  Gesellsch., 
ijK>4>  PP>  506-70  and  Tab.  xxv.— SSssengnth,  Behaarungsverh.  d.  Wiirzb.  Muschelkallcpfl.,  Diss., 
Wiiizbarg,  1904,  pp.  37-43.— Theorin,  Vaxttrichom.,  Arkiv  for  Bot,  iii,  n.  5,  1904,  pp.  8,  la  and 
15. — Areschoug,  Trop.  vaxt.  bladbyggn.,  Sv.  Vet  Akad.  Handl.,  39,  n.  a,  1905,  pp.  139,  140 
{VemoHta). — Kniep,  Milchsaft,  Flora,  1905,  pp.  17 1-6. — Mayns,  Milchrohr.  in  den  Bl.,  Beih.  z.  bot 
Centralbl.,  xviii,  i.  Abt,  1905,  pp.  a8a-5. — Siurton,  Anat.  d.  pi.  affines,  Ann.  sc  nat.,  ser.  9,  t  ii,  I90S» 
pp.  94,  95  and  105,  106  {Achillea^  Tanuro^nm).— Theorin,  vaxttrichom.,  Arkiv  for  Bot,  iv,  n.  18, 
1905,  pp.  3,  5,  9,  10  and  ZI. — ^Weberbauer,  Vegetat.  d.  Hochanden  Penis,  in  Engler,  Bot.  Jahrb., 
xxxvii,  1905,  p.  60  et  seq. — [Altan,  Senecio  Jac^aea,  Pharm.  Post,  1906,  p.  485.]— Boodle,  Lignificap 
tion  of  phloem  in  HeUanthus,  Ann.  of  bot,  xx,  1906,  pp.  .:^i9-ai. — [Brezina,  Beitr.  z.  Anat.  d.  Holzes 
der  Composit.,  Sitz.  Ber.  Wiener  Akad.,  1906,  19  pp.,  3  Tab.] — Dauphin^,  Rhizomes,  Ann.  sc  nat, 
6^.  9,  t  iii,  1906,  pp.  327,  349  and  35a  et  seq. — [For  additional  literature,  see  p.  1170.] 

CANDOLLEACEAE  (STYLIDIACEAE)  (pp.  469-471). 

Bums's  recent  investigations  on  the  structure  of  the  axis  and  leaf  in  the 
genus  Stylidium  form  a  valuable  extension  of  our  previous  knowledge. 

The  anomalous  structure  of  the  stem  in  Styhdium  adnaium^  R.  Br.,  &c. 
does  not,  however,  appear  to  be  quite  fully  explained  even  by  Bums's  work. 
According  to  him  the  broad  ring  of  sclerenchymatous  fibres  (some  of  which 
bear  bordered  pits  in  certain  species)  does  not  arise  from  an  actual  secondary 
meristem,  but  is  merely  a  pericyclic  strengthening  ring,  which  adjoins  the 
fibrovascular  system  on  its  outer  side.  The  groups  of  soft  bast  and  vessels, 
which  are  found  enclosed  in  the  sclerenchymatous  ring  in  old  vegetative  stems 
of  5.  adnatum  and  5.  fasciculatum,  R.  Br.,  are  stated  by  Bums  to  belong  to 
the  leaf-trace  bundles.  According  to  the  same  authority  the  vascular  bundles 
in  the  vegetative  axes  and  peduncles  are  occasionally  arranged  in  two  rings ; 
in  other  cases  they  are  more  irregularly  distributed,  much  as  in  a  Monocotyle- 
donous  stem.  Their  structure  shows  no  uniformity  in  the  relative  positions  of 
wood  and  bast ;  one  meets  with  collateral  vascular  bundles  accompanied  by 
transitions  to  concentric  bundles  with  central  phloem ;  vessels  may  occasionally 
be  observed  in  the  phloem  and  now  and  then  (e.g.  in  S.  calcaratum^  R.  Br.) 
isolated  vessels  occur  also  in  the  pith.  The  strengthening  ring  above  men- 
tioned is  3  to  20  cells  in  thickness.  In  those  species  which  have  reduced  leaves 
pahsade-parenchjona  composed  of  long  cells  is  found  in  the  stem. 

Regarding  the  structure  of  the  leaf  in  the  species  of  Stylidium  we  may 
mention  the  following  details.  The  epidermis  alwa}^  consists  of  a  single  layer 
of  cells,  although  in  many  cases  it  appears  to  be  composed  of  two  or  more  layers. 
TTie  apparent  presence  of  several  layers  is  due  to  the  fact  that  the  epidermal 
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cells    (as    is    evident    in    longitudinal  sections)    are    tall    and    are    placed 
obliquely  to  the  surface  of  the  leaf ;   two  or  more  epidermal  cells  are  conse- 
quentiy  cut  through  one  after  the  other  by  a  transverse  section  and  seem 
to  he  above  one  another.    This  phenomenon  is  connected  with  the  prolonged 
apical  growth  of  the  young  leaves.    The  shape  of  the  imbricating  cells  varies 
from  rhombic  (e.  g.  5.  junceum,  R.  Br.)  to  fibrous  (5.  enopoduniy  DC.,  S.  pilosum, 
Labill.,  etc.) ;  their  lumina  may  be  rather  wide  (e.g.  5.  saxifragoideSy  Lindl.)  or 
narrow,  the  cellulose-wall  in  the  latter  case  e^diibiting  a  correspondingly 
strong  thickening  (e.g.  S.  eriopodumy  DC).     Owing  to  unequal  growth  in 
length  the  ends  of  the  epidermal  cells  in  some  cases  appear  as  uneven  pro- 
minences on  the  surface  (5.  scartosum,  DC.)  or  margin  (5.  graminifoliutny  bw.) 
of  the  leaf.    A  typically  one-layered  and  an  apparentiy  many-layered  epidermis 
are  found  in  species  in  which  petiole  and  lamina  of  the  leaf  are  differen- 
tiated   (S.  calcaratum,  R.  Br.    and   S.  petiolare,  Sond.  with  a  one-layered 
epidermis ;   5.  pilosutriy  Labill.,  5.  reduplicaiumy  R.  Br.  and  S.  saxifragoides^ 
Lindl.  with  an  apparently  many-layered  epidermis),  as  well  as  in   species, 
which  do  not  show  such  a  differentiation  (5.  scandensy  R.  Br.,  with  a  one- 
layered  epidermis ;    5.  eglandulosumy  F.  v.  M.,  with  an  apparently  many- 
layered  epidermis).      In  certain  species  (e.g.  5.  streptocarpuMy  Sond.)  the 
epidermal  cells  have  a  jagged  outline  in  surface  view,  the  apices  of  the  angles 
in  the  notches  being  thickened.    In  some  cases  (specially  distinct  in  5.  slrepto- 
carpum)  the  lateral  walls  of  the  epidermal  cells  bear  true  bordered  pits  side 
by   side  with  simple  pits.     The    stomata  show   differences  of  structure 
within  the  genus  Stylidium.    In  certain  cases  (as  in  5.  eriopoduniy  DC.)  the 
mother-cell  of  the  guard-cells  is  formed  by  the  first  division  in  the  dermatog^i- 
cell.    In  most  of  the  species  (e.g.  in  S.  saxifragoideSy  Lindl.)  the  development 
of  the  stomata  takes  place  according  to  the  Rubiaceous  type,  which  is,  how- 
ever, occasionally  somewhat  obscured  in  the  mature  leaf.     The  distribution 
of  the  stomata  on  the  surface  of  the  leaf  varies ;  for  the  most  part  they  are  found 
on  both  sides  of  the  leaves,  but  in  certain  species  they  are  confined  to  one  side, 
which  may  be  either  the  morphologically  lower  or  the  morphologically  upper 
side,  the  latter  under  these  circumstances  being  physiologically  the  lower  side 
owing  to  twisting  of  the  leaf ;  the  latter  case  is  found  in  the  reduphcate  leaves 
of  5.  pUosuMy  Labill.  and  5.  redupiicatuniy  R.  Br.    In  those  species  in  which 
the  apparently  many-layered  epidermis  has  a  mechanical  function  owing  to 
the  sclerosis  of  its  cells,  the  stomata  are  not  equaUy  distributed  over  the 
surface  of  the  leaf,  but  occupy  longitudinal  band-shaped  zones  consisting  of 
a  single  row  of  cells ;   thus,  two  such  zones  are  found  on  either  side  of  the 
leaf  in  S.  eglandulosumy  F.  v.  M.  and  5.  saxifragaideSy  Lindl.,  while  in  S.  pUosum 
and  5.  reduplicaium  there   are   only  two  zones,  which  are  confined  to  the 
morphologically  upper  side  of   the  leaf.     As  a  general  rule  the  stomata 
are  arranged  with  their  pores  directed  parallel  to  one  another  and  to  the 
long  axis  of  the  leaf.    The  mesophyll  is  either  centric  with  palisade  tissue  on 
all  sides  (e.g.  in  the  acicular  leaves)  or  more  or  less  distinctly  bifacial  or  almost 
homogeneous.     Arm-palisade  parenchyma,  occup3ang  either  a  vertical  (5. 
calcaratum)  or  a  horizontal  (5.  eriopoaum)  position,  is  occasionally  distinctly 
differentiated.    In  5.  pilosum  the  walls  of  the  assiniilatory  cells  are  thickened 
and  pitted,  much  as  in  the  Cycads,  and  the  same  species  has  spicular  cells, 
which  function  as  a  support  to  the  epidermis.    In  the  long-stalked  leaves  the 
veins  show  an  abundant  development  of  mechanical  tissue  around  the  vascular 
bundles,  while  in  those  leaves,  in  which  the  int^[umental  tissue  is  sclerenchy- 
matous,  there  is  a  reduction  of  the  mechanical  tissue  in  the  veins. 

Bums  observed  oxalate  of  lime  in  the  form  of  clustered  crystals  in  the 
ground  tissue  of  the  stem  in  certain  species  of  Stylidium  (e.  g.  5.  eriopodum)^ 
The  hairy  covering  in  the  genus  Stylidium  comprises  glandular  hairs  (on  the 
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axis  of  inflorescence  and  on  the  leaves)  and  mucilage-hairs  (at  the  growing- 
pdnts  and  in  the  axils  of  the  leaves).  The  glandular  hairs  vary  very  much  in 
shape.  The  small  glands  of  5.  calcaratumy  K.  Br.,  have  a  biseriate  stalk  and 
a  bicellular  head  divided  by  a  vertical  wall ;  with  them  we  may  class  the 
external  glands  found  in  5.  amoenum^  R.  Br.,  S.  diversifolium^  K.  Br.  and 
5.  reduplicaiufn,  R.  Br.,  in  which  the  stalks  are  longer,  though  hkewise  bi- 
seriate, and  the  heads  are  divided  by  numerous  vertical  waUs  into  a  large 
number  of  approximately  prismatic  cdls,  which  show  a  vertical  arrangement. 
The  glandular  hairs  of  5.  pilosum^  LabiU.  and  S.  lineatum^  Sw.  exhibit  a  dif- 
ferent type  of  structure  ;  the  first  of  these  species  has  long  club-shaped  external 
glands  provided  with  a  biseriate  stalk,  which  gradually  merges  into  the  head, 
the  latter  being  divided  by  walls  showing  varied  orientation  ;  5.  lineatum 
has  glandular  hairs  with  a  long  biseriate  stalk  and  a  spherical  head,  which  is 
likewise  divided  by  waUs  running  in  various  directions.  In  the  mucilage-hairs 
the  structure  of  the  head  resembles  that  of  the  external  glands  found  in 
5.  afnoenuMy  etc.,  but  the  stalk  is  uniseriate.  In  the  simplest  case  (5.  adnatum^ 
R.  Br.)  the  head  of  these  mudlage-hairs  consists  of  a  varying  number  of  rod- 
shaped  cells,  which  are  developed  by  a  series  of  vertical  divisions  in  the  terminal 
cell  of  the  young  hair.  These  cells  become  detached  from  one  another,  while 
the  cuticle  is  raised  in  a  vesicular  manner.  With  the  bursting  of  the  cuticle 
and  the  emission  of  the  mucilaginous  secretion  the  function  of  the  mucilage- 
hairs  in  5.  adnatum  comes  to  an  end.  Other  species,  however,  show  certain 
points  of  difference  from  the  case  just  described.  The  rod-shaped  cells 
in  the  glandular  heads  of  5.  pUosum^  Labill.  first  undergo  transverse  division 
into  two  cells ;  this  leads  to  the  bursting  of  the  cuticle,  remains  of  which 
persist  at  the  base  of  the  head.  Thereupon  the  rays  of  the  head  (which  are  now 
bicellular)  become  enveloped  by  a  new  cuticle.  In  other  species  (e.g.  S.  saxi- 
jfragoides)  the  transverse  division  of  the  cells  and  the  formation  of  a  new  cuticle 
is  repeated  several  times,  so  that  a  third  or  even  fourth  cuticle  may  be  excreted, 
the  remains  of  the  old  cuticles  being  found  at  the  base  of  the  individual  cells 
in  the  T2Lys  of  the  hair. 

Literature :  Raonkjsrr,   Ccllekj^erne-KrystaUoider,   Bot  Tidsskrift,  xvi,    1887,^ 
Leiserisg,  ~ 
Flora, 


Literature :  Raonkjsrr,  CeHekj^eme-KrystaUoider,  Bot.  Tidsskrift,  xvi,  1887,  pp.  41-5.— 
erisg,  Interxylares  Leptom,  Diss.,  Berlin,  1899,  p.  46. — Bums,  Beitr.  z.  Kenntnis  d.  Stylioiaceen, 
a,  1900,  pp.  313-54  and  Tab.  xiii,  xiv ;  also  Diss.,  Mnoich. 


GOODENIACEAE  (pp.  471-473). 

Literature:  Leisering,  Interxyl.  Leptom,  Diss.,  Berlin,  1899,  pp.  26,  a;.— [Colozza, Studio anat 
delle  Gooden.,  Nuovo  Giom.  bot.  Ital.,  N.S.,  xv,  3, 1907,  pp.  304-36;  see  also  the  same  author, 
Brunonia^  loc.  dt,  pp.  296-303.] 

CAMPANULACEAE  (incl.  LOBELIACEAE)  ( pp.  473-476). 

The  distribution  of  the  laticiferous  vessels  in  the  leaves  of  the  Cam- 
panuloideae,  Engler  and  Prantl  has  recently  been  determined  from  the 
systematic  point  of  view,  especially  by  H.  Schmidt  in  connexion  with  his  in- 
vestigations^ on  the  structure  of  the  leaf  in  the  group  referred  to.  He  met  with 
laticiferous  vessels  in  all  the  genera  available  for  investigation,  with  the 
single  exception  of  Sphenoclea — a  genus  which  also  differs  from  the  rest  of 
the  Campanuloideae  in  the  possession  of  large  clustered  crystals  of  oxalate  of 
lime,  and  constitutes  a  special  group  (the  Campanuloideae-Sphenocleae)  in 
Schdnland's  system ;  Ostrowskia  likewdse  has  laticiferous  vessels,  as  I  have 
found  by  personal  investigation.    The  correctness  of  Poulsen's  statement  as 


They  deal  with  all  the  genera  excepting  Osirowskia, 
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to  the  absence  of  latex  in  Peniaphragma  eUifticum^  Poulsen,  is  open  to  doubt, 
since  H.  Schmidt  demonstrated  latidferous  vessels  in  the  larger  veins  of  the 
leaf  in  P.  begoniaefolium.  Wall.  The  laticiferous  tubes  of  the  Campanuloideae 
are  found  in  the  bast  both  in  the  large  and  small  veins,  and  frequently  show 
fine  examples  of  anastomosis.  H.  Schmidt  observed  penetration  of  the  latid- 
ferous tubes  into  the  mesophyll,  only  in  CanaHna^  where  Tr6cul  had  previously 
demonstrated  the  same  phenomenon  ;  so  that  the  occurrence  of  these  elements 
in  the  mesophyll  is  certainly  very  rare  in  the  Campanuloideae. 

Ydrac^  has  recently  published  observations  on  the  latidferous  system  of 
the  Lobeliaceae.  He  records  latidferous  tubes  in  species  of  CentropogOHy 
Clermontia,  Cyanea^  Ddissea^  Downingia^  Haynaldia^  HeUrotomay  Isotama^ 
LaurenUay  Lohdia^  Pratiay  Sderoiheca,  and  Siphocampylus.  The  prindpal 
system  of  anastomosing  laticiferous  vessels  in  these  genera  traverses  the  bast 
of  the  vascular  bundles  both  in  the  stem  and  leaf.  This  principal  system 
undergoes  ramification,  and  from  the  branches  of  the  first  order  ('  rameaux 
laticifferes ')  thus  formed  further  branches  (*  branches  laticifh-es ')  arise,  which  do 
not  anastomose  and  are  not  developed  by  a  process  of  fusion  ;  these  branches 
are  found  in  the  ground  tissue  (pith  and  primary  cortex),  pericycle  and  wood 
of  the  stem,  as  well  as  in  the  mesophyll. 

The  foUowing  details  regarding  the  structure  of  the  leaf  in  the  Campanu- 
loideae are  based  on  H.  Sclmiidt's  and  Feitd's  investigations.  The  epidermal 
cells  as  a  rule  are  of  medium  size  and  relatively  low ;  their  lateral  walls 
may  be  straight  or  strongly  undulated,  while  in  some  cases  (e.  g.  in  Lighifootia 
juncea^  Sond.,  Wahlenbergia  rohasUiy  Sond.)  the  outer  walls  are  considerably 
thickened.  The  cuticle  is  for  the  most  part  thin,  its  surface  being  smooth  or 
striated,  or  more  or  less  coarsdy  granular.  In  certain  xerophilous  spedes, 
especially  those  belonging  to  genera  endemic  in  the  region  of  the  Cape 
(e.  g.  MercierUy  Microcodouy  Roi^Ua,  Wahlenbergia),  the  upper  epidermis  in  the 
middle  of  the  surface  of  the  leaf  consists  of  cells  with  wide  lumina  and  straight 
lateral  walls,  while  towards  the  margin  of  the  leaf  the  cells  show  a  progressive 
decrease  in  size  and  have  more  or  less  undulated  lateral  walls.  H.  Schmidt 
records  nodose  thickenings  at  the  points  of  intersection  of  the  lateral  walls  in 
Peniaphragma  begoniaefolium.  Wall,  and  Trachdiuin  rumdianum,  Hampe. 
Papillose  differentiation  of  the  epidermal  cells  is  of  frequent  occurrence,  but 
according  to  H.  Schmidt  it  always  only  affects  isolated  cells  or  (near  the 
margin  of  the  leaf)  groups  of  cells ;  a  typical  papillose  epidermis  was  not 
observed  in  any  species.  The  papillae  are  conical  or  hemispherical  and  in 
some  cases  are  reduced  to  solid  silicified  knobs.  A  point  deserving  spedal 
mention  is  that  gelatinized  epidermal  cells  were  not  observed  in  any  member 
of  the  Campanuloideae.  The  stomata  as  a  general  rule  are  not  provided  with 
special  subsidiary  cells.  The  only  exception  is  furnished  by  Peniaphragma 
(P.  begoniaefolium)y  which  is  distinguished  also  by  the  nature  of  its  hairy 
covering  (see  below)  and  constitutes  the  group  Campanuloideae-Penta- 
phragmeae  in  Schonland's  system  ;  in  this  genus  there  are  three  narrow 
subsidiary  cells.  In  the  Campanulaceae  investigated  by  Vesque,  moreover, 
the  mother-cell  of  the  guard-cells  is  likewise  not  formed  by  the  first  division, 
but  only  appears  after  a  few  epidermal  cells  have  been  cut  off  from  the  der- 
matogen-cell.    The  stomata  are  found  either  on  both  sides  of  the  leaf  or  only 


^  Ydrac  also  examined  the  stnictiire  of  the  root,  stem  and  leaf.  His  investigations  deal  with  the 
genera  above  enamerated,  in  which  he  studied  the  laticiferons  system,  as  well  as  with  the  genera 
Apetakia,  Brighamiay  and  Rhiiocephalum  (all  the  genera  being  taken  in  the  sense  of  Dnrand*s 
Index). 

'  Ydrac*s  statement  (loc.  cit.,  p.  io6)  that  laticiferous  tubes  are  absent  in  Lobelia  Dortmanna, 
L.  is  incorrect,  since  the  mesophyll  in  this  species  is  traversed  by  a  very  well  developed  network  of 
latidferous  tnbes. 
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on  the  lower  side ;  according  to  Wettstein  HedraeatUhus  PumUiOt  Porta  is 
exceptional  in  having  the  stomata  confined  to  the  upper  side.  The  stomata 
generally  lie  on  a  level  with  the  epidermis  or  are  slightly  raised  or  (rarely» 
e.g.  in  SphenocUa)  depressed.  In  the  species  provided  with  narrow  leaves 
the  pores  of  the  stomata  are  placed  parallel  to  the  midrib.  Water-pores  are 
present  in  the  majority  of  the  species,  but  are  mostly  of  no  great  size ;  varying 
numbers  (for  the  most  part  2-0)  of  these  pores  are  associated  wilJi  undulatra 
epidermal  cells  to  form  groups,  which  are  invariably  found  on  the  upper 
surface  near  the  margin  of  the  leaf  and  are  occasionally  situated  on  special 
prominences  of  the  le^-surface  or  on  the  leaf-teeth.  The  mesophyll  may  be 
centricy  bifacial  or  homogeneous.  A  specially  noteworthy  feature,  not  previously 
recorded  in  this  Order,  is  the  occurrence  of  arm-palisade  parenchyma,  in 
species  of  Adenaphara,  Campanula^  Campanutnaea,  CanoHna^  Cephalostigma^ 
CodonopsiSy  HeUrocodan,  Jasione,  Leptocodon,  MusschiOy  Osirowskia  (according 
to  my  own  investigation),  Pentaphragtna  (P.  Mipticum^  according  to  Poulsen), 
Peracarpa,  PUUycodon,  PrisnuUocarpuSy  Symphyandra  and  Wahlenbergia. 
Peculiar  spongy  tissue  formed  by  rows  of  hypha-Uke  cells  and  traversed  by 
large  intercellular  spaces  is  found  in  Ligktfootia  cUiata,  Sond.,  L,  fascicidata^ 
DC,  L.  rubioides,  DC,  &c.  In  Wahlenbergia  prostrata^  DC  the  transverse 
section  of  the  leaf,  which  is  roughly  four-sided,  shows  an  extensive  semilunar 
complex  of  aqueous  cells  with  wide  lumina,  beneath  the  upper  epidermis  ; 
below  this  hypoderm  one  first  meets  with  spongy  tissue  and  then  with  a  single 
layer  of  palisade  tissue.  A  similar  hypodermal  layer  of  aqueous  tissue,  which, 
however,  in  this  case  still  contains  cUorophyll,  is  found  on  the  upper  side  of 
the  leaf  also  in  W.  capiUaceUy  DC.  Other  xerophilous  members  of  the  Order 
have  a  more  or  less  strongly  developed  hypoderm  composed  of  sclerenchy- 
matous  fibres,  e.g.  in  ccitain  species  of  CephalosUgma^  Lightfootia,  Merciera^ 
Microcodon,  Prismaiocarpus,  Roilla  and  Wahlenbergia.  This  hypodermal 
sclerenchyma  either  merely  forms  crescent-shaped  masses  at  the  margin  of 
the  leaf,  or  extends  somewhat  onto  the  upper  surface,  where  it  ultimately  gives 
rise  to  a  continuous  band  of  sclerenchyma.  In  some  cases  it  is  also  found 
on  the  lower  side  of  the  leaf  beneath  the  vascular  system  of  the  midrib,  but 
separated  from  the  latter  by  assimilatory  tissue.  Hard  bast  is  not  found 
accompanying  the  vascular  bundles  in  the  veins  of  the  leaf  in  any  member  of 
the  Campanuloideae.  In  its  place  the  xylem-groups  themselves  occasionally 
include  sclerenchymatous  fibres,  e.g.  in  species  of  Lightfootia^  Microcodon^ 
Rhigiophyllum  and  Wahlenbergia,  In  some  cases  the  median  vein  is  enveloped 
by  a  distinct  parenchyma-sheath  (e.g.  in  RhigiophyUum  sqiMLrrosum^  Hochst.). 

Oxalate  of  lime,  which  prior  to  this  had  been  observed  only  in  Hedraean- 
thus  ^  by  Wettstein,  is  found  especially  in  the  form  of  fine  clustered  crystals 
in  Sphenoclea.  H.  Schmidt  also  met  with  small  prismatic  or  acicular  crystals 
of  the  same  salt  in  the  mesophyll  of  certain  species  of  Canarina^  Heterochaenia^ 
Leptocodon  and  Phyteuma ;  crystals  of  this  type  are  no  doubt  more  widely 
distributed,  but  are  easily  overlooked.  Sphaerocrystals  of  unknown  chemical 
composition  have  been  demonstrated  also  in  species  of  Adenaphora^  Canarina, 
Musschia^  Phyteuma,  Specularia,  Symphyandra  and  Trachelium. 

Schmidt  also  failed  to  find  any  glandular  hairs  in  the  hairy  covering. 
On  the  other  hand,  in  Campanumaea  celebica,  Bl.,  he  met  with  long  conical 
clothing  hairs  composed  of  a  single  row  of  4-7  cells  with  thin  walls  and 
wide  lumina,  while  in  Pentaphragtna  begoniaefolium.  Wall.,  he  observed  mtdti- 
cellular  clothing  hairs  with  two  or  more  arms  ;  the  latter  consist  of  a  short  stalk. 


*  Wettstein  (loc  cit,  p.  187)  refers  to  the  rare  occurrence  of  crystals;  he  records  dnstered 
crystals  in  the  stem  of  //.  serbicus^  Kern.,  and  *  raphides*  (probably  not  tme  raphides,  see  above) 
in  the  anther*  ci  H.  PumUio,  Porta. 
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one  or  more  cells  in  breadth,  and  uniseriate  arms,  which  are  placed  mcnne 
or  less  pardld  to  the  surface  of  the  leaf  and  are  composed  of  rather  short 
cells,  with  moderately  thick  walls  and  wide  Imnina.  For  the  rest,  how- 
ever, only  unicellular  clothing  hairs  have  been  found ;  these  vary  in  length, 
in  the  thickness  of  their  walls  and  in  the  width  of  their  lumina,  and 
have  a  smooth,  striate,  granular  or  verrucose  surface.  In  most  cases  these 
hairs  are  pointed,  rardy  blunt  (elongated  and  finger-shaped  in  Codanapsis ; 
provided  with  a  slightly  swollen  capitate  end  in  PhyUuma  pintuUum^  L.). 
In  the  species  of  Campanula  the  walls  of  the  hairs  are  commonly  calcified 
and  in  some  cases  the  neighbouring  cells  are  raised  to  form  a  pedestal  bearing 
the  hair.  The  bases  of  the  hairs,  moreover,  occasionally  contain  silicified 
protuberances  resembling  cystoliths ;  in  certain  species  the  latter  occur  also 
m  the  papillose  and  non-papillose  epidermal  cells  of  the  margin  of  the  leaf 
(being  situated  either  in  the  comers  or  in  the  middle  of  the  outer  wall)  or  in 
the  subsidiary  cells  of  the  hairs  (in  the  same  way  as  in  Lithospermum), 

For  the  occurrence  of  steles  in  the  petiole  of  Cafnpanula  rapuncvloides^ 
see  Bouygues,  loc.  cit. 

Witii  reference  to  the  stmcture  of  the  stem  in  the  Campanuloideae  we 
may  add  that  according  to  Pitard  the  pericyde  contains  a  ring  of  fibres  only 
in  Platycodon  ;  at  later  stages  stone-ceUs  become  intercalated  in  this  ring. 

The  following  account  of  the  structure  of  the  leaf  in  the  Lot)eliaceae  is 
based  on  the  results  of  Ydrac's  work.  The  stomata  are  either  confined  to  the 
lower  side  or  occur  on  both  sides  ;  they  have  no  subsidiary  cells.  Water-pores 
are  present  on  the  leaf-teeth.  The  mesophyll  is  bifaaal  or  homogeneous. 
Oxalate  of  lime  has  not  been  observed.  The  hairy  covering  consists  only  of 
clothing  hairs,  which  are  generally  unicellular  (Isotoma^  Lobelia,  Siphocampylus) 
or  uniseriate  (Pratia,  Siphocampylus)  and  have  scarcdy  thickened  walls,  which 
frequently  show  a  verrucose  surface.  A  spedal  form  of  hair  is  distinctive 
of  Siphocampylus  Columnae^  i.e.  tufted  hairs  having  eight  or  more  rays  and 
seated  on  a  multicellular  stalk  (see  also  Bentham  and  Hooker,  Gen.  Plant.,  ii, 

p.  548). 

According  to  Ydrac  the  structure  of  the  stem  in  the  Lobeliaceae  likewise 
shows  very  few  striking  features.  The  cork,  which  is  rardy  formed,  arises  in 
the  outer  parenchyma  of  the  primary  cortex  (ClermofUia  grandiflara.  Gaud, 
and  C.  macrocarpa.  Gaud.),  or  in  some  cases  in  the  subepidermal  layer  of  cells 
{Apelahia  rajateensis,  Bajll.,  Lobelia  excelsa,  Lesch.,  and  Siphocampylus  biser- 
ratus,  A.  Dt.).  The  primary  cortex  is  not  uncommonly  coUenchymatous, 
while  in  Downingia  eUgans,  Torr.  and  Lobelia  Dortmanna,  L.  it  contains 
large  lacunae.  In  most  cases  the  endodermis  is  distinctly  devdoped  and 
provided  with  Caspary's  dots.  The  pericyde  indudes  sderenchyma  (with 
¥dde  lumina)  only  in  Lobelia  Dortmanna,  There  is  no  sderenchyma  in  the  soft 
bast.  In  PfoHa  motUana,  Hassk.  and  Isolobus  radicans,  A.  DC.  the  fibro- 
vascular  system  consists  of  two  arcs  of  wood  and  bast.  The  cells  of  the  pith 
may  or  may  not  be  hgnified ;  in  some  cases  the  central  portion  of  the  pith 
becomes  resorbed  and  gives  way  to  a  lacuna  {Lobelia  guadalupensiSy  Urb.,  etc.). 

According  to  G>1  medullary  phloem-  and  vascular  bundles  occur  also  at 
some  points  in  the  stem  of  Campanula  rapunculoides,  and  are  present  in  the 
petioles  and  veins  of  the  leaf  not  only  in  those  members  of  the  Order,  which 
have  axes  with  anomalous  structure,  but  also  in  many  which  are  normal. 
In  the  members  of  the  Lobeliaceae,  investigated  by  Ydrac,  these  bundles  are 
absent.  In  the  wood  of  the  root  of  Campanula  pyramiialis  J.  £.  Weiss 
observed  concentric  vascular  bundles,  which  form  a  continuation  of  the 
medullary  bundles  of  the  stem. 

Literattire :  Cottantiii,  Tiges  uix.  et  sout.,  Ann.  sc.  nat.,  s^r.  6,  t.  ivi,  1883,  p.  161  et  seq. — 
Boergesen,  Arkt.  pi.  bladbygn.,  Bot.  Tidsskrift,  six,  1895,  p.  2x9  et  seq. — Spanjer,  Wasserapparate, 
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Bot.  Zdt.,  1898,  i,  p.  55.~MiiideD,  Waswnez.  Organe,  Bibl.  bot.,  Heft  46,  1899,  pp.  33  and  34 
{Lobelia,  Camfimult^, — BanmeUky,  False,  bicoll.,  Add.  sc  nat.,  ser.  8,  t  xii,  1900,  pp.  a95>9. — 
Fdtel,  Vergl.  Anat.  d.  Laubbl.  bd  den  Campannl.  der  Capflora,  Bot.  Centralbl.,  1900,  pp.  4,  41,  97, 
139,  uid  161  et  seq. ;  also  Diss.,  Kiel  (JVahienAergiOy  Ligh^ootia^  Microcadan,  Roella^  Frismatocarfus). 
— fiUid,  P^cyde,  Thte,  Bozdeftuz,  1901,  p.  49.— [Baar,  Milchidhr.,  SiU.  Ber.  Lotos  f.  Bohmen, 
xzii,  1903,  n.  4,  5.] — Bonygues,  Pdtiole,  Th^,  Paris,  1903,  pp.  13  and  73.-~Ponlsen,  Pentaphragma 
elHiiicum^  Vid^ak.  Meddelels.  Natnrh.  Forening,  Kjcfbenhavn,  1903,  ]^p.  319-30,  pi.  iv,  ▼. — Sylven, 
Lobelia  Dortmanna^  Arkiv  for  Bot.,  i,  1903,  p.  377  et  seq. — Col,  Faisceaux,  Ann.  sc.  nat.,  s^r.  8, 
t.  XX,  1904,  pp.  19-97,  315  and  359-6 i.—Freidrafeldt,  Anat.  Ban  d.  Wurzel,  Bibl.  bot.,  Heft  6z, 
'9^>  PP*  73>  74«— Paoli,  £terofillia,  Nnovo  Giom.  bot.  Ital.,  N.  S.,  xi,  1904,  p.  337.~-H.  Schmidt, 
Syst.-anat.  Untersnch.  d.  Bl.  der  Campannloideen,  Diss.,  Erlangen,  1904,  103  pp. — Siissengnth, 
Behaamngsverh.  d.  Wurzb.  Mnschelkalkpfl.,  Diss.,  Wiirzbnrg,  1904,  p.  43.— Haberlandt,  lichtsinnes- 
org.,  1905,  p.  70, Tab.  I. — Kniep,  Milchrohr.,  Flora,  1905,  pp.  169-71.^— Mayns,  Milchrohr.,  Beih.  z. 
bot.  Ccntralbl.,  xviii,  Abt.  i,  1905,  pp.  381,  38a. — Theorin,  Vaxttiichom.,  Arkiv  for  Bot.,  iv,  n.  18, 
1905,  p.  31. — Ydrac,  Appaieil  laticiiere  des  Lob^liac^  Jonni.  de  bot.,  1905,  pp.  13-30;  also  in 
Perrot,  Tiavanx,  ii.— Ydrac,  Rech.  anat.  snr  les  Lobdliacto,  1905,  in  Perrot,  Travaux,  ill,  1906, 
165  pp. ;  idso  Th^,  Paris. — Holtermann,  Einflnss  des  Klimas,  etc.,  1907,  Tab.  ix,  Fig.  45.— [For 
loither  literature,  see  p.  1 169.] 

VACCINIACEAE  (pp.  476-479). 

According  to  Poulsen  extrafloral  nectaries,  appearing  as  disc-shaped 
structures  with  a  raised  rim,  are  found  at  the  base  of  the  laimna  of  the  leaf  in 
Vaccinium  Teysmanniy  Miq.  They  are  provided  with  an  irregular  epidermis, 
below  which  lies  a  spherical  complex  of  small-celled  tissue  in  which  the  nectar 
is  secreted,  while  the  inner  part  of  this  tissue  is  enclasped  by  the  ramifications 
of  a  vascular  bundle  which  branches  of!  from  the  petiolar  system. 

Literature :  Latonr,  S6i^,  Th^,  Montpellier,  1894,  p.  40  et  seq.— Boer^esen,  Arkt.  pi.  bladbygn., 
Bot.  Tidsskrift,  xix,  1895,  p.  319  et  seq.— Poulsen,  Extraflorale  Nektaner,  Vidensk.  Meddelels. 
Natnrh.  For.  Kjubenhavn,  1897,  pp.  365-8. — Rocdler,  Assimilator.  Gewebesyst.,  Diss.,  Freiburg  i. 
d.  Schw.,  1898^,  p.  37.— Petersen,  Vedanatomi,  1901,  pp.  81-3  {Vaccinium,  Oxycoccoi) — [For 
further  literature,  see  p.  1173.] 

ERICACEAE  (pp.  479-488). 

2.  Structure  of  the  Leaf.  The  most  important  recent  work  is  Rom- 
mel's investigation  of  the  structm-e  of  the  leaf  and  stem  in  the  Pyroleae  {Pyrola, 
Moneses  and  ChimaphiLa)  and  in  Clethra^  and  Linsbauer's  paper  on  the  detailed 
structure  and  course  of  development  of  the  pocket-shaped  leaves  of  Cassiope 
tOragona  (cf.  pp.  482,  483). 

The  structure  of  the  leaves  in  the  Pyroleae  is  either  bifacial  (Pyrola  pro 
parte,  ChimafhUa)  or  homogeneous  (Pyrola  pro  parte,  Moneses)^  while  in 
Clethra  it  is  bifacial.  Clethra  brasUiensis,  Cham,  et  Schlecht.  has  a  single  layer 
of  hypoderm  on  the  upper  side  of  the  leaf.  Ronrniel's  statement  that  the 
stomata  in  Clethra  are  invariably  provided  with  two  subsidiary  cells,  which 
are  placed  parallel  to  the  pore,  is  incorrect,  as  I  have  found  by  an  investigation 
of  C.  arborea^  Ait.  There  is  no  sclerenchyma  in  the  veins  in  the  Pyroleae, 
whereas  in  Clethra  it  is  found  accompanying  the  vascular  bundles.  For  the 
occurrence  of  rolled  leaves  in  the  Ericaceae  and  their  structure,  see  also  Knob- 
lauch, loc.  cit. 

Oxalate  of  lime  is  present  in  the  form  of  clustered  crystals  also  in  the 
Pyroleae  and  in  Clethra.  For  the  occurrence  of  nuclear  crystalloids  in  the 
vegetative  organs  of  Pyrola  and  ChimaphUa^  see  Raunkjaer,  loc.  cit. 

In  connexion  with  the  section  on  the  hairy  covering  we  may  ^)ecially 
draw  attention  to  Boergesen's  paper,  which  also  deals  with  the  mode  of  develop- 
ment of  the  hairs.  UniceUuku"  bristle-hairs  are  found  in  species  of  Cassiope^ 
Erica,  Kalmia,  Ledum,  Loiseleuria,  Menxiesia,  Phyllodoce  and  Rhododendron, 
while  multicellular  woolly  hairs  occur  in  species  of  Azalea,  Clethra,  Erica, 
Ledum,  Leucotho^,  Lyonia  and  Rhododendron.     Long  club-shaped  glandular 
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hairs  composed  of  two  rows  of  cells  are  present  also  in  Loisdeuria  procutnbens, 
Desv.  and  PhyUodoce  coerulea^  '  Gr.  et  Godr.' ;  sessile  external  glands  varying 
in  shape  from  ellipsoidal  to  ovate  and  formed  by  a  single  row  of  cells,  in  Cos- 
siope  tetragOfMy  Don  ;  glandular  hairs  with  a  multiseriate  stalk  and  a  spherical 
head  composed  of  numerous  cells,  in  Epigaea  refenSj  L. 

3.  Structure  of  the  Axis.  Rommel's  paper  furnishes  new  data  on  the 
structure  of  the  axis  in  the  Pyroleae  and  in  Clethra^  while  Petersen  has  recently 
examined  the  wood  in  a  relatively  large  number  of  species.^ 

In  the  species  recently  investigated  the  wood  likewise  includes  vessels 
which  have  relatively  small  lumina  and  are  for  the  most  part  provided  with 
scalariform  perforations,  while  the  ground-mass  consists  of  wood-prosenchyma 
with  bordered  pits  (tracheids).  Spiral  thickening  of  the  walk  of  the  vessels 
(at  least  of  some  of  them)  and  tracheids  is  found  in  the  species  of  Ardostaphylos^ 
Arbidus  and  Daboecia  cited  below,  as  wdl  as  in  Chimaphila  umbeUaia,  Nutt.*  ; 
wood-fibres  bearing  simple  pits  have  been  observed  in  MoneseSy  Pyrola,  and 
Arbutus  Unedo,  L. 

The  perforations  of  the  vessels  are  stated  to  be  scalariform  only  in :  Andro- 
meda pohfolia  (with  10-20  bars,  which  are  specially  closely  placed),  Cassiope 
tetragona,  Chamaedaphne  calyculata  (with  delicate,  closely  placed  bars),  Chimaphila 
unibellata  (bars  not  numerous),  Clethra  (with  numerous  bars).  Ledum  palustre  (as 
in  Andromeda  polifolia),  Loiseleuria  procumbens  (with  numerous  dehcate  bars), 
Moneses  grandifloray  Sahsb.  (with  numerous  bars),  PhyUodoce  coerulea  (with  many 
bars),  Pyrola  (occasionally  with  12-15  bars,  which  may  anastomose  in  a  reticulate 
manner).  Rhododendron  lapponicum  (with  as  many  as  10  bars,  but  mostly  less ; 
bars  occasionally  reticulate) ;  simple  perforations  occur  side  by  side  with  scalari- 
form perforations  having  few  bars  in :  Arctosiafhylos  uva  ursi  (scalariform  per- 
forations with  one  or  two  bars),  Calluna  vulgaris  (small  scalariform  perforations, 
which  may  also  have  a  reticulate  structure) ;  simple  perforations  only  are  present 
in :   Arbutus  Unedo  (elongated  eUiptical),  Daboecia  cantabrica^  Erica  Tetralix, 

In  some  of  the  species  of  Pyrola  the  cortex  includes  a  ring  of  pericyclic 
sclerenchjona,  which  occasionally  gives  rise  to  radial  processes  penetrating 
between  the  vascular  bundles  ;  in  Moneses  grandiflora  and  in  Chimaphila^  on 
the  other  hand,  there  is  no  such  sclerenchymatous  ring. 

Literature  :  [Paschkis,  Phannakogn.  Beitr.,  Zeitschr.  osteireich.  Apothek.-Ver.,  1880,  n.  27,  38  ; 
abstr.  in  Bot.  Centralbl.,  1881,  i,  p.  54.]— [Raunkjser,  KrystaUoider,  etc.,  Vidensk.  Meddelds. 
Naturh.  For.  Kj^beohavn,  1882,  p.  70 ;  abstr.  in  Bot  Ccntralbl.,  1883,  ii,  p.  267.]— Boeigesen,  Nogle 
Eric-Haars  Udvikl.,  Bot.  Tidsskrift»  xvii,  1890,  pp.  307-14. — Wijnaendts  Francken,  Sclereiden, 
Diss.,  Utrecht,  1890,  pp.  58,59. — Boergesen,  Arkt.  pi.  bladbygn.,  Bot  Tidsskiift,  xix,  1895,  p.  219  et 
seq.— [Andersen  and  Kallstroem,  Folia  nva  ursi,  etc.,  Nord.  Farm.  Tidsskr.,  1S96,  p.  33.] — Knoblauch, 
Okolog.  Anat.  etc.,  Habilitat-Schr.,  Tubingen,  1896,  p.  5  et  seq. — Schnbert,  Parenchymscheiden, 
Bot  Ccntralbl.,  1897,  iv,  p.  i9.--Holm,  J^ola  aphylla^  Bot.  Gazette,  1898,  p.  249. — Rommel, 
Anat.  Untersuch.  Uber  d.  Gr.  d.Piroleae  u.  Clethraoeae,  Diss.,  Heidelberg,  1898,  53  pp.  and  i  Tab. 
— Kohne,  Papill.  n.  oberseit.  Spaltoffn.,  Mitteil.  deutsch.  dendrolog.  Gesellsch.,  1899,  p.  59  (Papillae 
in  species  of  Rhododendrtm^—Vxci'^MQsXy  Vegetationsorg.  von  Cassiope  tetragona^  Don,  Sitz.  Bcr. 
Wiener  Akad.,  cix,  Abt  i,  1900,  18  pp.,  2  Tab.— -Paulesco,  Stract.  anat.  des  hy brides,  Th^, 
Geneve,  1900,  p.  73  {Rhododendron), — Tunmann,  Sekretdriisen,  Diss.,  Bern,  1900,  pp.  36-8. — Peter- 
sen, Vedauatomi,  1901,  pp.  72-80.— Clauditz,  Blattanat  canar.  Gew.,  Diss.,  Basel,  1902,  pp.  33  and 
47  {Erica,  Arbutus). --^xmon^  Sommer-  n.  wintergriine  Gew.,  Ber.  deutsch.  bot.  Gesellsch.,  190a, 
pp.  239-4OW — ^Theorin,  Vflxttrichom.,  Arkiv  for  Bot.,  i,  1903,  p.  159. — [Gyorffi,  Phys.-anat.  Vcrfi. 
von  Rhododtndrum  myrtifolium,  etc..  Diss.,  Koloszvar,  1904  (Hungarian);  abstr.  in  Just,  1904,  i, 
p.  771.]— Andrews,  Epigaea  repensy  Bcih.  z.   bot.  Centralbl.,  xix,  i.  Abt,  1905,  pp.  3i4-3a — 


*  viz.:  Andromeda  poiifoHa,  L.,  Arbutus  (/nedo,  L.,  Arctostaphylos  uva  ursi,  Spr.,  Calluna 
vulgaris,  Salisb.,  Cassiope  tetragona,  Don,  Chamaedaphne  calyculata,  Moench,  Chimaphila  umbellaia, 
Nutt,  Daboecia  caniabrica,  C.  Kodi,  Erica  Tetralix,  L.,  Ledum  palustre,  L.,  Loiseleuria  procum- 
bens, Desv.,  PhyUodoce  coerulea,  Bab.,  Rhododendron  lapponicum,  VVahlenb. 

'  Rommel's  statement  as  to  the  absence  of  vessels  in  the  secondary  wood  of  this  species  is  in- 
correct, and  the  same  applies  to  the  record  of  the  occurrence  of  a  ring  of  sclerenchyma,  etc  See  also 
Petersen,  loc.  dt. 
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KanngieaBer^  Calluna  vu^aris,  in  Tnbenf,  Natorwiss.  Zeitschr.,  1906,  pp.  55-60. — ^Piocioli, 
Legnami,  BnlL  Siena,  1900,  pp.  150  and  166. — Holtennann,  Finflnw  des  KUmas,  etc,  1907, 
pp.  76  and  115  (/^Aod0deftdrffn).—{Gntttnberg,  Immergr.  Laubbl.  d.  Mediterranflora,  in  Engler, 
ik>t.  Jahrb.,  xxxviii,  1907,  p.  434  (Arbutus  Unedo)S\ 

MONOTROPEAE  (pp.  489,  490). 

literature :  MacDongal,  Symbiotic  laprophytism  (JHerospgra  andrmiedea^  Nutt),  Ann.  of  bot, 
xiiiy  1899,  pp.  31-8. — ^Thomas,  Feuilles  sout.,  These,  Paris,  1900. — Porsch,  Spaltoffnnngsapparat, 
Jena,  1905,  pp.  78-80. 

EPACRIDEAE  (pp.  490-494). 

1.  Review  of  the  Anatomical  Features.  Bordered  pits  have  also 
been  observed  on  the  walls  of  the  fibrous  cells  in  the  pericycle  and  secondary 
hard  bast  (in  the  axis  of  many  Epacrideae).  The  internal  development  of  the 
cork  (in  the  pericycle)  constitutes  an  ordinal  character.  Oxalate  of  lime  occurs 
in  the  form  of  solitary  as  well  as  of  clustered  crystals. 

2.  Structure  of  the  Leaf.  For  the  structure  of  the  epidermis,  see  also 
Baccarini,  loc.  cit.,  p.  81  et  seq.  and  Tab.  IV ;  this  author  deals  especially 
with  the  peculiar  secondary  thickenings  of  the  cell-walls,  which  occur  either 
on  all  the  walls,  or  only  on  the  outer,  or  on  the  outer  and  lateral  walls  or  on  the 
outer  and  inner  walls ;   these  thickenings  are  occasionally  traversed  by  pits. 

In  the  structure  of  the  mesophyll  we  may  specially  note  that  according  to 
Baccarini  the  palisade-cells  show  bellows-like  foldings  in  very  many  species, 
and  that  spicular  fibres  ('  tracheidi ')  extending  up  to  the  epidermis  occur  in 
Andersonia  aristata  and  A.  parvifolia.  According  to  Baccarini  the  presence 
of  bordered  pits  on  the  fibrous  cells  forming  the  sclerenchymatous  sheaths  of 
the  veins  is  not  a  feature  of  such  general  distribution  as  was  previously 
maintained  by  Simon. 

Baccarim's  paper  contains  data  for  the  occurrence  of  oxalate  of  lime  in 
the  leaf,  which  very  considerably  add  to  our  previous  knowledge.  Only  solitary 
crystals  are  found  accompanying  the  vascular  bundles  of  the  veins  ;  in  those 
species  in  which  the  veins  have  strongly  developed  sclerenchymatous  sheaths 
(Monotoca  lineata,  etc.)  the  crystals  are  foimd  in  the  epidermis.  The  mesophyll 
contains  both  solitary  and  clustered  crystals.  '  Made  scheegiate '  (clustered 
crystals  ?)  are  recorded  in  Epacris  hetercmema  and  E,  pauciflc^a^  as  well  as  in 
Leucopogon  flavescens  and  L,  gracillimus ;  short  prisms  are  stated  to  occur 
in  Decaspora  thymifolia  and  Styphdia  triflora^  octohedral  crystals  in  Cyathodes 
deatbcUa  and  DracophyUum  verticillatunty  crossed  twin-crystals  in  Andersonia 
aristata^  A.  micrantha,  Acrotriche  cordata^  A.  serrulatay  etc.  In  Prionotes  there 
is  no  oxalate  of  lime. 

3.  Structure  of  the  Axis.  New  statements  on  the  structure  of  the 
axis  have  been  published  by  Liiders  and  Baccarini.  The  former,  on  whose 
investigations  the  following  description  is  mainly  based,  examined  species 
of  all  the  twenty-six  geiiera  enumerated  in  Durand's  Index,  as  well  as  WooUsia 
and  Sphenotoma^  which  Drude  regards  as  independent  genera.  No  essentially 
new  features  have,  however,  been  discovered. 

We  will  first  consider  the  structure  of  the  wood.  The  vessels  have  rela- 
tively small  lumina  and  are  mostly  arranged  in  distinct  radial  rows  ;  a  scattered 
arrangement  is  rarer.  In  the  different  species  the  perforations  of  the  vessels 
are  described  as  being  exclusively  simple  or  exclusively  scalariform  or  both 
simple  and  scalariform ;  it  still  remains  to  be  investigated  whether  those 
species  which  are  stated  to  have  simple  perforations  only,  do  not  also  possess 
scalariform  perforations  in  the  primary  wood  or  in  the  neighbourhood  of 
the  latter.    Anastomosis  of  the  bars  in  the  scalariform  perforations  frequently 
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leads  to  the  production  of  reticulate  or  reticulate*scalarifonn  types  of  perfora* 
tion.  The  only  additional  species  in  which  Liiders  demonstrated  the  modified 
scalariform  prorations,  figured  for  Epacris  heUroncma^  LabiU.  in  Fig.  it 2, 
is  E.  lanuginosa^  LabiU.,  although  Baccarini  does  not  mention  them  (see  also 
Rodham,  in  Ber.  deutsch.  bot.  Gesellsch.  1890,  p.  190) ;  in  these  perforations 
the  slits,  which  show  a  scalariform  arrangement,  are  broken  up  into  very  small 
pores  by  numerous  delicate  and  filiform  bars.  Liiders  observed  spiral  thicken- 
ing of  the  walls  of  the  vessels  in  Acrotriche  aggregata^  R.  Br.,  Epacris  paludosa^ 
R.  Br.,  E,  purpurascenSy  R.  Br.,  Lysinema  ciliatumy  R.  Br.  and  L.  eUgans^  Sond. 

Luders  found  only  simple  perforations  in  the  vessels  in  species  of  Andersonia, 
Archeria,  AsUroloma,  Brachyloma,  CoUantkera,  Conostephium^  LeucopoBon,  Lis- 
santhe,  Melichrus,  Needhamia,  Styphelia ;  for  the  most  part  simple  penorations, 
but  accompanied  by  scalariform  perforations  with  2-5  bars  or  in  some  cases  only 
a  single  bau:,  in  species  of  Acrotriche,  Andersonia,  Conostephiumj  Cyathodes,  Leuco- 
pogon,  Lissanthe,  Lysinema,  Melichrus  (malformed  perforations),  Oligarrhena, 
Styphelia ;  mostly  scalariform  perforations  in  Monotoca  (with  2-6  bars) ;  only 
scalariform  perforations  in  speaes  of  Cosmelia  (numerous  bars),  Cyathopsis  (4-10 
bars),  Dracophyllum  (15-20  or  more  bars),  Epacris  (mostly  4-15  bars,  occasionally 
1-3),  Lebetanthus  (numerous  bars),  Pentachondra  (10-20  or  more  bars),  Prionotes 
(numerous  bars),  Richea  (10-20  bars),  Sphenotoma  (10-15  or  more  bars),  Sprengelia 
(4-20  or  more  bars),  Trochocarpa  (2-12  bars),  Woollsia  (8-12  or  more  bais).  See 
also  Baccarini 's  statements  on  this  point,  loc.  cit«,  p.  10 1. 

The  medullary  rays  are  mostly  one  or  two  cells  broad.  Baccarini  distinguishes 
two  types  of  medullary  rays  in  the  wood  of  the  Epacrideae.  In  the  first  type 
the  medullary  rays,  which  are  one  or  two  cells  in  breadth  and  vary  from  one  to 
four  ceUs  in  height,  are  composed  of  prosenchymatous  cells  {Andersonia  aristata^ 
A.  prostrata^  Srachyloma  ericoides^  Coleanihera  myrtoides^  Epacris  impressa, 
E.  mucronulaia^  E.  ohtusifolia^  E,  pulchellay  E,  '  splendens,'  Woollsia  pungens) ; 
in  the  second  type  which  is  found  in  the  majority  of  the  Epacrideae,  the  ceUs 
of  the  medullary  rays,  as  seen  in  longitudinal  section,  are  rectangular  and  elon- 
gated in  the  vertical  direction.  The  mediollary  rays  of  the  second  type  occa- 
sionally attain  a  breadth  of  4-5  or  even  (Trochocarpa  laurina)  eight  cells.  Li 
some  cases,  however,  both  types  of  medullary  raj^  are  found  in  the  same  species 
(e.g.  in  Epacris  impressa).  ihe  primary  medullary  rays  of  the  bast  frequently 
broaden  outwards  in  the  form  of  a  wedge  ;  this  is  the  case  in  LissatUhe  montana^ 
R.  Br.,  and  Monotoca  scoparia,  R.  Br.  according  to  Luders,  and  in  Leucopogon 
Richei  according  to  Baccarini.  The  wood-parenchjona  ^  is,  for  the  most  part, 
not  prominently  developed,  but  is  present  in  some  quantity  in  Prionotes 
cerifUhoides  R.  Br.  according  to  Luders,  and  in  Dracophyllum  Urvilleanum^ 
Epacris  longiflora,  Richea  Gunnii,  and  Trochocarpa  laurina  according  to 
Baccarini.  In  certain  species  of  Acrotriche,  Leucopogon,  and  Monotoca  cham- 
bered parench3mia  containing  crystals  is  found  in  the  wood  (Luders) .  According 
to  Luders  the  entire  wood-prosenchyma,  constituting  the  ground-mass  of  the 
wood,  bears  bordered  pits  ;  according  to  the  same  authority,  it  is  provided  with 
a  spiral  band  also  in  Epacris  paludosa,  R.  Br.  On  the  other  hand,  Baccarini 
also  observed  mechanical  fibres  bearing  simple  pits,  although  such  cases  are  of 
rare  occurrence  (Monotoca  scoparia,  Sprengelia  incarnata,  Woollsia  pungens^  and 
species  of  Epacris). 

Regardmg  the  structure  of  the  cortex  the  following  details  may  be  men- 
tioned. In  all  cases  in  which  the  primary  cortex  had  remained  intact  in  the 
material  employed  for  investigation  (viz.  in  species  of  all  the  genera  except 
Acrotriche,  Brachylotna,  Needhamiay  and  Sprengelia)^  Luders  was  able  to  demon- 

*  Liiden*  statement  that  the  wood-parenchyma  occasionally  bears  bordered  pits,  is  probably 
incorrect  and  may  perhaps  be  attributed  to  the  presence  of  one-sided  bordered  pits  on  the  walls  of  the 
▼esaels  where  they  are  in  contact  with  parenchjrma. 
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strate  the  presence  of  a  continuous  and  composite  ring  of  sclerenchyma  or  of 
isolated  groups  of  sclerenchymatous  fibres  ^  in  the  pericycle,  and  of  cork  situated 
on  the  inner  side  of  the  latter.  The  fibres  of  the  pericyclic  sclerenchyma,  like 
the  sclerenchymatous  fibres  accompanying  the  vascular  bundles  of  the  veins  (see 
p.  493  and  Fig.  iii,  C),  bear  either  bordered  pits  only  (species  of  Andersonia, 
EpacriSf  LysinemUy  WooUsia)  or  bordered  pits  side  by  side  with  simple  pits 
(e.g.  in  species  of  ConosUphium^  DracaphyUum,  Leucopogon^  Richea^  Sphenotoma). 
The  cells  of  the  cork  have  uniformly  thickened  walls,  and  in  most  of  the  genera 
do  not  show  a  distinct  radial  arrangement ;  the  only  exceptions  in  this  respect 
are  afforded  by  Archeria^  LebetafiSius,  and  Prianotes.  Liiders'  investigations 
on  the  course  of  development  of  the  cork  in  those  cases  in  which  the  cork-cells 
exhibit  an  irregular  arrangement,  although  not  yet  sufficiently  extensive,  have 
shown  that  a  typical  cork-cambium  is  really  (cf .  also  p.  493)  not  present  in  these 
forms  ;  regarding  this  point,  see  also  Baccarini,  loc.  cit.,  pp.  96,  97.  In  many 
species  repeated  formation  of  cork  takes  place  in  the  bast.  In  numerous 
members  of  the  Order  the  secondary  bast  contains  bast-fibres,  which  frequently 
constitute  complete  annular  zones  and  give  rise  to  a  stratification  of  the  phloem, 
while  in  other  species  they  merely  form  groups  of  varying  size.  Bast-fibres 
were  not  observed  in  a  number  of  species,  but  this  may  possibly  be  due  to  the 
slight  thickness  of  the  branch  examined.  According  to  Liiders  the  secondary 
bast-fibres  in  most  members  of  the  Order  Ukewise  bear  bordered  pits  side  by 
side  with  simple  pits.  In  certain  species  the  secondary  bast  contains  chambered 
parenchyma  with  solitary  crystals. 

According  to  Liiders  the  pith  in  Cosmdia^  Dracophyllum,  and  Rickea 
contains  relatively  small  cells,  which  are  distributed  in  a  reticulate  manner 
between  larger  elements,  while  in  Dracophyllum  it  includes  peculiar  crystalline 
conglomerates,  which  have  a  corroded  appearance,  and  in  some  cases  resemble 
clustered  crystals  ;  in  other  cases  ordinary  crystals  of  oxalate  of  lime  occur  in 
the  pith.  According  to  Baccarini  the  cells  of  the  pith  are  occasionally  coUen- 
chymatous  {Monotoca  serrulata)  or  provided  with  thin  walls  {Leucopogon  lanceo- 
lotus  and  L,  ampUxicaulis) ;  in  Coleanthera  myrtoides,  moreover,  they  contain 
crystalline  masses,  which  Baccarini  regards  as  consisting  of  carbonate  of  lime, 
owing  to  their  behaviour  when  treated  with  acetic  acid  (solution  accompanied 
by  an  evolution  of  gas). 

Literature :  Luders,  Stammanatomie  der  Epacrid.,  Diss.,  Heidelberg,  without  date  (1900-1), 
pp.  37-82  and  Tab.  ii. — Baccarini,  Anatomia  delle  Epacrid.,  Nnovo  Giom.  bet.  Ital.,N.  S.,  ix,  1902, 
pp.  81-114  and  Tab.  iii-y. 

DIAPENSIACEAE  (p.  494). 

Literature  :  Boergesen,  Arkt.  pi.  bladbygn.,  Bot.  Tidsskrift,  xix,  1895,  p.  219  et  seq. 


PLUMBAGINEAE  (pp.  495-501). 

To  the  previous  accoimt  of  the  structure  of  the  leaf  (p.  499)  we  may  add 
that  in  Statice  sinuaUiy  L.  the  cauline  leaves  develop  palisade  tissue  and  stomata 
on  both  sides,  while  the  radical  leaves  have  palisade  tissue  (of  a  reduced  type) 
only  on  the  upper  side  and  stomata  only  on  the  lower  side  (Paoh).  Redhch 
has  demonstrated  cortical  vascular  bundles  (see  p.  500)  in  additional  species 
of  Armeria  and  Statice  (incl.  Goniolimon)^  as  well  as  in  species  of  Limoniastrum 
(here  the  bundles  only  traverse  the  cortex  for  a  very  short  distance). 

^  According  to  Baccarini  there  is  no  mechanical  sheath  in  the  pericyde  in  Leucopogon  revolutus, 
Oligarrhma  murmttha,  Monotoca  serrulata  {  =  Acrotriche serruiata),  and  *  Andersonia  media' 
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Literature:  Redlich,  Gefattbiindelverlaiif  bei  den  Plumbog.,  Diss.,  ErUngen,  without  date 
(commniL  to  the  imivenity-lilHnuy  of  Erlangcn  in  1896),  30  pp. — Schubert,  Parendiymscheiden,  Bor. 
CentralbL,  1897,  iv,  p.  19.— Wagner,  Neuere  Drogen,  Disi.,  £rlangen,  1897,  pp.  ia-21  {Piumba§o\ 
— Lciaering,  IntcrxylarcB  Lcptom,  Diss.,  Berlin,  1899,  p.  12.— Paoli,  Eterofilha,  Nqoto  Giom.  bot 
ItoU,  N.  S.,  xi,  1904,  pp.  217-19. 


PRIMULACEAE  (pp.  501-506). 

1.  Review  of  the  Anatomical  Features.  The  following  additions  are 
necessary.  Branched  multicellular  clothing  hairs  are  found  also  in  species  of 
AreHa^  Coris,  Dionysia,  and  Douglasia,  Oxalate  of  lime  is  absent  only  in  the 
vegetative  organs,  since  in  certain  members  of  the  Order  (e.g.  Coris^  Glaux, 
Hotkmia^  and  Primula)  the  subepidermal  layer  of  the  testa  contains  crystals  of 
this  salt.  Development  of  cork  is  rare,  and  takes  place  in  different  positions, 
viz.  in  the  pericycle  or  in  the  superficial  cell-layers  of  the  primary  cortex. 
Anomalous  structure  of  the  stem  (more  or  less  distinct  polystely,  combined 
with  the  occurrence  of  a  '  r&eau  radicif^re  ')  is  foimd  also  in  Bryocarpum  and 
Dodecatheon.  Arm-palisade  parenchyma  has  beep  observed  in  the  mesophyll 
in  species  of  Lysimachia  and  irientalis. 

2.  Structure  of  the  Leaf.  The  following  supplementary  details  are 
taken  from  Decrock's  work.  In  the  xerophilous  species  the  epidennal  cells 
are  provided  with  straight  lateral  walls.  The  cuticle,  in  some  cases,  shows 
striation  and  punctation.  The  stomata  are  occasionally  raised  (Cortusa  Mat- 
thiolif  L.,  Primula  sinensisy  Lindl.),  while  in  the  xerophilous  species,  Dionysia 
revoluta,  Boiss.,  they  are  confined  to  two  furrows  on  the  lower  side  of  the  leaf. 
Water-pores  are  found  at  the  end  of  the  median  vein  in  all  the  Primulaceae, 
and  in  many  cases  may  be  met  with  at  the  ends  of  the  larger  lateral  veins  as 
well.  The  leaf  is  for  the  most  part  bifacial  in  structure,  although  centric  leaves 
occur  also  among  the  xerophilous  species.  The  palisade  tissue  consists  of  one  or 
more  layers  of  cells,  which  vary  considerably  in  length.  Decrock  figures  arm- 
palisade  parenchjona  composed  of  short  cells  in  Lysimachia  punctata  and 
I  have  myself  observed  t3^cal  arm-palisade  tissue  consisting  of  short  cells  in 
Trientalis  europaea^  L.  and  T,  americana^  Pursh,  and  indications  of  arm-palisade 
cells  in  the  first  and  especially  in  the  second  layer  of  the  mesophyll  in  Lysimachia 
nemorum^  L.  The  vascular  bundles  of  the  veins  are  occasionally  provided  with 
sclerenchyma. 

According  to  Decrock  those  species  which  have  a  distinctly  differentiated 
petiole  exhibit  only  one  vascular  bundle  at  the  point  of  insertion  of  the  leaf. 
The  petiole  of  Primula  rubra,  according  to  Bouygues,  contains  a  median  hemi- 
concentric  vascular  bundle,  provided  with  a  pith,  and  two  lateral  concentric 
bundles,  devoid  of  a  pith ;  each  of  these  bundles  is  surrounded  by  a  typical 
endodermis. 

As  regards  the  hairy  covering  the  following  facts  deserve  mention.  Decrock 
also  records  branched  hairs  in  Aretia  pubescens,  L.  (side  by  side  with  unbranched 
hairs ;  for  the  trichomes  of  Androsace  §  Aretia,  see  also  Jeanpert,  loc.  cit.), 
Coris  monspdiensis,  L.  (on  the  calyx),  Dionysia  and  Douglasia  Vitaliana,  Hook., 
whilst  glandular  hairs  were  demonstrated  by  him  in  species  of  all  the  28  genera 
included  in  Pax's  monograph.  His  statements  as  to  the  structure  of  the  head 
of  the  external  glands  in  the  individual  genera  are  unfortunately  not  sufficiently 
comprehensive ;  we  may,  however,  note  that  in  Androsace  villosa,  L.,  both 
unicellular  and  multicellular  heads  occur  side  by  side.  In  HoUonia  palustris,  L. 
the  heads  of  the  glands  are  imicellular  onljr,  and  not  bicellular,  as  was  stated 
on  p.  503.  From  a  systematic-chemical  point  of  view  it  is  interesting  to  note 
that  the  four  species  of  Primula,  in  which  Nestler  demonstrated  the  presence  of 
SL,  secretion,  having  an  irritating  effect  upon  the  skin  (viz.  P.  cortusoides,  L., 
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P.  ohcanica^  Hance,  P.  Sieboldii^  Morren,  and  P.  sinensis^  Lindl.),  all  belong  to 
the  section  Sinenses. 

3.  Structure  of  the  Stem.  The  structure  of  the  nonnal  stem  in  the 
Primulaceae  has  recently  been  investigated  from  two  distinct  sides,  by  W.  Meyer 
and  by  Decrock,  the  two  authors  choosing  different  anatomical  features  as  a 
basis  for  classification.  Their  results  are  briefly  summarized  in  the  following 
paragraphs. 

In  W.  Meyer's  system  the  presence  or  absence  of  a  pericyclic  strengthening 
ring  is  the  chief  character  employed  in  classification.  C5ther  points  taken  into 
consideration  are  :  the  position  of  the  strengthening  ring  (whether  shifted  towards 
the  outside  or  towards  the  inside) ;  and  the  relation  of  the  vascular  bundles  to 
one  another  (whether  the  xylem-groups  are  united  to  form  a  ring  by  means  of 
interfascicular  wood,  or  the  bundles  are  separated  by  unlignified  or  sclerosed  medul- 
lary rays).  W.  Meyer  records  the  presence  of  the  strengthening  ring  in  species  of 
AndroscLce^  Areiia^  Centunculus,  Coris,  Cortusa,  Hotionia,  Lysimachia,  Primula^ 
SamolttSy  Soldanella  and  TrUsnUUis,  and  its  absence  in  species  of  Anagallis,  Androsdce^ 
Aretia,  Cyclamen,  Glaux,  Greeoria  (>«  Dionysia),  Lysimachia,  Primtda  and  Soldanella. 

Decrock  distinguishes  three  physiological  types,  corresponding  to  the  exomor- 
phic  features  presented  by  the  shoot.  They  are  as  follows :  I.  Type  Primula : 
Short  shoot  with  radical  leaves ;  endodermis  normal,  pericycle  mostly  paren- 
chymatous, wood  and  bast  forming  a  ring :  Androsace  pro  parte,  Ardisiandrat 
Bryocarpum,  Cortusa,  Dodecaiheon^  HoUonia,  Kaufmannia,  Pomatosace,  Primula 
pro  parte,  Soldanella,  Stimpsonia,  II.  Type  Lysimachia :  Rhizome  with  leafy 
shoots ;  primary  cortex  narrower  than  in  I,  soft  bast  less  develo|)ed,  pericycle  in 
the  subaerial  shoots  invariably  sclerosed :  Anagallis,  Apochoris,  Asterolinum, 
Ceniunculus,  Glaux,  Lubinia,  Lysimachia,  Naumburgia,  Pelletiera,  Sieironema, 
Trientalis.  III.  Type  Aretia  :  cushion-plants  with  adcular  leaves  ;  cortex  exfoli- 
ating as  far  as  the  endodermis,  which  divides  by  radial  and  tangential  walls,  while 
its  inner  walls  become  thickened  ;  bast  present  in  ver^  considerable  quantity  and 
coUenchymatous  ;  wood  strongl^r  developed  with  non-lignified  wood-parenchyma : 
Androscu^  pro  parte,  Aretia,  Coris,  Dionysia,  Douglasia. 

For  the  structure  of  the  tubers  of  Cyclamen,  see  Hildebrand,  p.  97,  and  Decrock, 
p.  179  et  seq.  Regarding  the  aerating  tissue  in  the  primary  cortex  of  Lysimachia 
vulgaris,  L.,  see  Witte,  loc.  dt.. 

Formation  of  cork  (see  p.  504)  is  rare,  although  a  number  of  cases  are 
mentioned  by  Decrock.  The  place  of  development  of  the  cork  varies  ;  it  may 
be  the  epidermal  or  subepidermal  layer  of  celk  {Lysimachia  Ephemerum,  L.  and 
L.  vulgaris,  L.,  or  Dodecaiheon),  the  outer  zone  of  the  primary  cortex  (Primula 
acaulis,  Jacq.),  or  the  pericycle  (Douglasia  Vitaliana,  Hook.,  Primula  buUata^ 
Franch,). 

In  dealing  with  the  anomalous  structure  of  the  axis,  I  must,  in  the  first 
place,  refer  once  more  to  the  anomalies  which  are  shown  by  the  stem  in 
certain  species  of  Primula  (poly^tely  and  *  r&eau  radicifere '),  and  have  been 
elucidated  especially  by  Van  Tieghem  and  DouUot  (cf.  pp.  504,  505).  The 
groups  which  Van  Tieghem  establishes  on  the  basis  of  these  anatomical  features 
do  not  coincide  with  the  natural  groups  in  Pax's  system  of  classification.  I 
append  here  an  enumeration  of  the  species  of  Pnw«/a  which  have  a  stem  with 
anomalous  structure  (after  Van  Tieghem). 

The  members  of  the  Officinales,  Van  Tieghem  which  have  a  *  rteeau  radidf^re  ' 
are  :  Primula  acaulis,  P.  amoena,  P.  auriculata,  P.  elatior,  P.  elliptica,  P.  macrocalyXf 
P,  malvacea,  P.  officinalis,  P.  petiolaris,  P.  sikkimensis. 

Among  the  members  of  Auricula,  Van  Tieghem,  which  likewise  have  a  '  r^seau 
radidf^re,'  Primula  reptans  still  shows  monostelic  structure  with  a  reduced  pith. 
Polystelic  structure  occurs  in  the  following  modifications :  ( i )  More  or  less  numerous 
steles,  which  are  dther  irregularly  scattered  or  exhibit  an  annular  arrangement  and 
are  fused  at  some  points  to  form  small  arcs,  in :  Primula  algida,  P,  Allioni,  P.  an^usti- 
folia,  P.  Balbisii,  P.  calycina,  P.  carniolica,  P.  Clusiana,  P,  commutata,  P.  cunetfolia, 
P.  daonensis,  P.  Delavayi,  P.  erosa,  P.  Floerkeana,  P.  glabra,  P.  glutinosa^  P.  hirsuta. 
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P.  iniegrifoliaj  P.  Kitaibeiiana,  P.  laiifolia,  P.  marginata^  P.  minima^  P.  tmnuHssima, 
P.  Muretiana,  P.  nivalis,  P.  Palinuri,  P.  Parryi,  P.  pedemantana^  P.  pubescens, 
P.  spectabilis,  P.  tyrolensis,  P.  uniflora^  P.  *  iirst/  P.  venusta^  P,  msi^sa,  P.  yMwuafiM- 
5t5.  (2)  Steles  broadened  in  the  shape  of  an  arc,  not  numerous,  and  arranged  to 
form  a  ring,  in  some  cases  fusing  to  form  still  wider  arcs,  in :  Primula  amethysHna, 
P.  bella,  P.  calliantha,  P.  capitellata,  P.  Davidi,  P.  denticulala^  P.  Dickieana,  P.  fari- 
nosa,  P.  glacialiSy  P.  Heydei,  P.  incisa,  P.  involucraia,  P.  longiflora,  P.  macrocarpa, 
P.  Maximowiciii,  P.  fnembranifolia,  P.  Moorkraftiana^  P.  moti^'if«f»fS,  P.  ovo/t- 
/o/i'a,  P.  pinfuUifida^  P.  Poissoni,  P.  secundiflora,  P.  sibirica,  P.  sonchifoHa^  P.  spicata, 
P.  stricta,  P.  Stuartii,  P.  viscosa,  (3)  Steles  fused  to  form  a  more  or  less  complete 
ring,  the  '  r^seau  radidf^re'  hieing  almost  absolutely  annular,  in:  Primula 
japonica,  P.  nu/af»,  P.  obtusifoHa,  P.  proHfera,  P.  purpurea,  P.  serratifolia, 
Decrock  observed jpolvstelic  structure  also  in  P.  capitata.  Hook.,  P.  Fauriae,  Franch. 
and  P.  petiolaris.  Wall. 

Anomalous  structure  of  the  stem,  similar  to  that  found  in  the  Auriculas 
(viz.  polystely,  combined  with  the  presence  of  a  *  rfeeau  radicifere ')  was 
observed  by  Decrock  also  in  Bryocarpum  hymalaicum.  Hook.  f.  et  Th.  and 

Dodecaiheon  Meadia^  L. ;  for  details,  see  loc.  cit. 

• 

Literature :  Costantin,  Tigcs  a^r.  et  sout.,  Ann.  sc.  nat.,  «ir.  6,  t.  xvi,  1883,  p.  no  et  scq. — 
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Primula^  in  Engler,  Bot.  Jahrb.,  x,  1889,  p.  75  et  leq.— Scott,  PolyBtely,  Ann.  of  BoL,  t,  1890-1, 
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Entwickl.  d.  Haaie,  Diss.,  Berlin,  1899,  p.  34.— W.  Meyer,  Beitr.  z.  vergL  Anat.  d.  Caryophyllac 
u.  Primalac,  Diss.,  Gottingen,  1899,  pp.  43-59  and  68-7o.~Minden,  Wassersez.  Oig.,  Bibl.  bot., 
Heft  46,  1899,  pp.  19  (Jlottonia)  and  61  (6VafM:).— Panlesco,  Struct,  anat.  des  hybrides,  Thte, 
Geneve,  1900,  p.  71  {Primula). — Thomas,  Veuilles  scat.,  Th^,  Paris,  igoo. — Decrock,  Anat  des 
Primnlac,  Ann.  sc  nat.,  »^r.  8,  t.  xiii,  1901,  pp.  i-i99.~Pitard,  P^ricyde,  Th^  Bordeaux, 
1901,  p.  50. — Bouygues,  Petiole,  Th^se,  Pans,  1902,  pp.  74  and  99.— Nestler,  Sekret  d.  Driisenh.  d. 
Ciatt.  Primula^  SiU.-Ber.  Wiener  Akad.,  cxi,  AM.  i,  1902,  pp.  29-51 ;  see  also  Ber.  dentsch.  bot. 
Gesellsch.,  1900,  p.  189  et  seq.  and  Tab.  vii,  viii,  and  p.  327  et  seq.— Schonte,  Stelartheorie,  1903, 
p.  123. — Brockschniidt,  Hottonia,  Diss.,  Erlangen,  1904,  pp.  9-17. — Freidenfeldt,  Anat.  Ban  d. 
Wurzcl,  Bibl.  bot..  Heft  61,  1904,  pp.  66-8.— Nestler,  Haatreizende  Primeln,  Berlin,  1904.— Pax 
and  Knuth,  Primnlaceae,  in  Pflanzenreich,  Heft  22,  1905,  pp.  3-5.— Theorin,  Vaxttrichom.,  Arkiv 
•  for  Bot.»  iv,  n.  18,  1905,  pp.  9,  10  and  22.— Dauphin^,  Rhkomes,  Ann.  sc.  nat,  s^r.  9,  t.  iii,  1906, 
p.  342  et  seq. — G^nean  de  I^marliere,  Membr.  cut.  des  pi.  aon.,  Reme  g^.  de  bot.,  1906,  p.  289 
et  seq. — Jeanpert,  Androsace  du  groope  Areiia,  Bull.  Soc.  Dot.  de  France,  1906,  pp.  152-4-— 
Witte,  Aerendiymat  Gewebe  bei  Lysimackia  vulgaris,  Botaniska  Studier,  tillagn.  Kjellman,  Upsala, 
1906,  p.  265  et  scq.-i [For  further  liteiature,  see  p.  1171.] 

MYRSINEAE  (pp.  507-512). 

1.  Review  of  the  Anatomical  Features.  The  following  details  may 
be  added.  The  hypodermal  sclerenchyma,  which  is  a  characteristic  feature  of 
the  leaf  in  the  Theophrasteae,  is  absent  only  in  a  small  group  of  species  of 
ClavijUy  and  occurs  also  in  the  Tribe  Eumyrsmeae  (viz.  in  WeigeUia  Schlimiiy 
Mez).  In  addition  to  the  glandular  hairs  with  a  multicellular  head,  others  with 
a  imicellular  head  are  exceptionally  (Jacquinia  pungenSy  Gray)  found.  New 
types  of  clothing  hairs  have  been  ol^erved  in  certain  species  of  Jacquinia  in  the 
form  of  multicellular  trichomes,  which  are  either  forked  or  branched  like 
antlers.  The  peculiar  branched  hairs  previously  described  as  occurring  on  the 
stem  in  Jacquinia  harhasco,  Mez  (Syn.  /.  armiUariSy  Jacq.)  are  characteristic 
of  two  groups  of  closely  allied  species  of  Jacquinia.  We  may  also  note  that 
gelatinization  of  the  epidermis  of  the  leaf  is  completely  wanting  in  the  Theo- 
phrasteae, and  that  the  occurrence  of  crystals  of  oxalate  of  lime  in  the  epidermis 
of  the  leaf  in  Jacquinia  and  Deherainia  constitutes  a  generic  character. 

2.  Structure  of  the  Leaf.    Votsch  has  recently  published  a  careful 
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investigation  of  the  stnicttire  of  the  leaf  in  the  Theophrasteae  in  connexion  with 
Mez's  monograph  in  the  '  Pflanzenreich.'  The  follo¥dng  details  are  abstracted 
from  his  paper  and  from  the  remaining  literature. 

In  most  of  the  Theophrasteae  the  mesophyll(cf .  p.  507)  is  not  differentiated 
into  palisade  and  spongy  tissue,  although  in  certain  species  one  or  more  layers 
of  palisade  tissue  are  found.  The  epidermal  cells  in  the  Theophrasteae,  for 
the  most  part,  have  straight  lateral  walls.  The  cuticle  is  frequently  strongly 
striated,  rarely  (species  of  Jacquinia)  grantdar.  Peculiar  local  thickenings  of 
the  walls  of  the  epidermal  cells  showing  distinct  stratification  and  recalling  the 
cvstotyles  of  the  Begonieae  occur  in  Clavija  boliviensis^  Mez.  Theophrasta 
jussieui^  Lindl.  exhibits  a  peculiar  calcification  of  the  membranes  of  the 
epidermal  cells  ;  surface-sections  of  the  epidermis,  after  being  exposed  to  a  red 
heat,  show  the  celltdar  framework,  which  on  treatment  with  sulphuric  acid 
becomes  transformed  into  needles  of  gj^um.  A  parenchymatous  hypoderm, 
previously  recorded  in  certain  species  of  Clavija  and  Jacquinia^  is  rather  widely 
distributed  in  these  two  genera,  and  occurs  also  in  Theophrasta  Jussieui^  Lindl. 
As  a  general  rule,  it  is  confined  to  the  upper  side  of  the  leaf,  but  in  Clavija 
Kalbreyerij  Mez  and  C.  nobilis^  Mez  it  is  found  also  on  the  lower  side.  The 
cells  of  the  hj^derm  are  larger  than  those  of  the  epidermis,  only  in  Clavija 
spathulaia,  Ruiz  et  Pav. 

According  to  Votsch  a  one-layered  hypoderm  is  found  in  :  Clavija  boliviensis, 
Mez,  C.  cauliflora^  Re^el,  C.  Hassieri,  Mez,  C  inUgrifolia^  Mart,  et  Miq.,  C.  Jelskii, 
Szyszyl.,  C.  Lekmannti^  Mez,  C.  longifolia,  Mez,  C.  nobilis,  Mez,  C.  parvifhra,  Mez, 
C.  Poeppigiit  Mez,  C.  Radlkoferi^  Mez,  C.  Rodekiana,  Lind.  et  Andr6,  C.  serratifolia, 
Mez,  C.  spathulata,  Ruiz  et  Pav. ;  Jacquinia  aculeata,  Mez,  /.  barbasco,  Mez,  /.  bra- 
siliensiSy  Mez,  /.  Eggersii,  Urb.,  /.  flammea,  MiUsp.,  /.  linearis,  Jacq.,  /.  ovali folia, 
Mez,  /.  ptibescens,  H.  B.  K.,  /.  revoluta,  Tacq.,  /.  Schiedeana,  Mez,  /.  SeUriana,  Urb. 
et  Loes. ;  Theophrasta  Jussieui,  Lindl. ;  a  1-2-layered  hypoderm  in :  Clavija 
Schwackeana,  Mez ;  Jacauinia  keyensis,  Mez,  JT.  Sprucei,  Mez ;  and  a  typical  2-layered 
hypoderm  in :  Clavtja  Kalbreyeri,  Mez  and  C.  Ruixiana,  Mez.  A  local  development 
of  nypoderm  is  found  in  the  neighbourhood  of  the  veins  in  Clavija  macrophylla, 
RadUL.  and  Jacquinia  incrustata,  Urb.,  and  near  the  margin  of  the  leaf  in  Clavija 
parvula,  Mez  (see  Votsch,  pp.  14  and  34)  and  C.  tarapotana,  Mez. 

If  we  adopt  the  synonymy  given  in  Mez's  mono^ph,  the  only  species  pre- 
viously recorded  (see  p.  507)  as  having  hypoderm,  which  are  not  included  in  the 
preceding  list,  are  Clavija  spinosa,  Mez  (formerly  cited  as  C.  Riedeliana  and  C.  cakh 
neura)  and  C.  umbrosa,  Reg.,  and,  outside  of  uie  Theophrasteae,  Aegiceras  majus, 
Gaertn. 

In  Myrsine  heberdenia  some  of  the  epidermal  ceUs  are  subdivided  by  a  horizontal 
wall,  the  lower  cell,  which  is  the  larger  of  the  two,  occasionally  including  a  crystal 
of  oxalate  of  lime  (Clauditz). 

The  stomata  in  the  Theophrasteae  are  confined  to  the  lower  side  of  the 
leaf.  In  the  species  of  Jacquinia  they  are  deeply  sunk,  while  in  the  other  genera 
they  project  above  the  level  of  the  epidermis  by  means  of  strongly  developed 
hom-Uke  processes.  In  the  Theophrasteae  the  vascular  bundles,  both  of  the 
larger  and  smaller  veins,  are  quite  generally  accompanied  by  sclerenchyma. 
In  the  genera  of  the  Clavijeae,  A.  DC.  {Clavija,  Theophrasta,  Neomezia)  the 
median  vein  is  traversed  by  two  or  more  vascular  bundles,  whUe  in  the  genera 
of  the  Jacquinieae,  A.  DC.  (Deherainia,  Jacquinia)  it  comprises  only  a  single 
bundle.  Among  the  Theophrasteae  oxalate  of  lime  has  been  observed  only  in 
Clavija,  Deherainia,  and  Jacquinia  (but  not  in  Neomezia  and  Theophrasta) ;  it  is 
deposited  as  clustered  crystals  in  Jacquinia  only,  while  in  all  other  cases  it  is 
foimd  solely  in  the  form  of  very  small  rhombohedral,  prismatic,  or  acicular 
crystals.  In  Jacquinia  and  Deherainia,  as  well  as  in  Clavija  serratifolia,  Mez, 
crystals  of  oxalate  of  lime  (clustered  in  the  case  of  Jacquinia)  occur  quite 
generally  in  the  epidermis  of  the  leaf,  but  are  found  also  in  the  mesophyll« 

SOLEUEDBK  3   ^ 
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The  sderenchymatotis  hypodenn,  found  in  the  Theophrasteae  (see 
p.  509)9  has  been  subjected  to  a  thorough  re-investigation  by  Votsch.  The  most 
important  result,  from  the  systematic  point  of  view,  Ues  in  the  fact  that  this 
feature  occurs  in  aU  the  Theophrasteae  with  the  exception  of  two  small  groups 
of  very  closely  allied  species  of  Clavija^  namely :  C.  HassUri^  Mez  and  C. 
Jelskii,  Szyszyl. ;  and  C.  futgens^  Hook.  f.  and  C.  boliviensis^  Hez.  In  C 
ifUegrifolia^  Mart,  et  Miq.  the  absence  of  the  hypodermal  sclerenchyma  is  only 
apparent,  since  in  this  species  it  is  reduced  to  isolated  fibres,  lying  near  the 
vascular  bundles  of  the  veins.  Votsch  describes  the  hypodermal  sclerenchyma 
in  the  following  words  :  '  It  consists  of  elongated  fibres,  which  are  strongly 
thickened  (more  rarely  slightly  thickened,  as  in  Clavija),  provided  with 
oblique  pits,  and  run  mdependently  of  the  sderenchymatous  sheaths  of  the 
vascular  bun<Ues.  They  are  united  to  form  laiiger  (Theophrasta^  Neamezia^ 
Jacauinia)  or  smaller  (Clavija^  Deherainia,  Jacquinia)  bundles,  or  (more  rarely, 
in  Clavija  Rodekiana^  C.  serrata^  C.  grandis,  Jacquinia  aculeata^  J.  linearis)  are 
arranged  in  one-layered  strata,  in  the  latter  case  constituting  sderenchymatous 
plates.'  In  most  of  the  Theophrasteae  (espedally  in  Theophrasta)  the  hypo* 
dermal  sderenchyma  on  the  two  sides  of  the  leaf  is  joined  by  means  of  spictdar 
fibres,  which  enter  into  connexion  also  with  the  sderench)rma  of  the  veins.  In 
concluding  the  description  of  the  hypodermal  sderenchjnna  of  the  Theophrasteae 
we  may  add  that  in  Weigeltia  Schlimii,  Mez — the  only  species  of  the  subgenus 
Triadophora  (Tribe  Eumsrrsineae) — Mez  observed  sderenchymatous  fibres 
beneath  the  upper  and  lower  epidermis  of  the  leaf,  just  as  in  the  Theophrasteae, 
and  that  Areschoug  figures  moderatdy  elongated  spicular  cells  of  a  parenchy- 
matous shape  in  the  mesophyll  of  Aegiceras  majus^  Gaertn. 

In  most  of  the  Theophrasteae  the  margin  of  the  leaf  is  strengthened  by 
a  single  thick  strand  of  sderench3rma  or  by  several  sderenchymatous  strands, 
but  in  some  species  of  Clavija  (e.g.  C  hihorrana^  Oerst.,  C.  grandis,  Decne.,  and 
C  Lehmanniij  Mez)  it  is  supported  by  a  vascular  bundle,  from  the  sderenchjmia 
of  which  fibres  are  given  off  to  the  margin  of  the  leaf ;  in  a  transverse  section 
these  fibres  are  cut  through  both  longitudinally  and  transversdy. 

The  section  dealing  with  the  hairy  coveiring  (see  p.  50^  et  seq.)  likewise 
requires  a  few  important  additions.  Unicellular  clothing  hairs  are  wanting  in 
the  Theophrasteae ;  nor  are  uniseriate  trichomes  very  abundantly  devdoped 
on  the  leaves,  although  they  are  more  commonly  found  on  the  vegetative  axis 
and  in  the  Qoral  region.  A  transition  to  the  characteristic  branched  trichomes 
of  Jacquinia  barbasco^  Mez  (cf.  Fig.  116  c  on  p.  510)  is  afforded  by  the  uni- 
seriate hairs  of  /.  Schiedeana,  Mez,  in  which  the  terminal  cell  is  divided  by  a 
longitudinal  wall.  Peculiar  branched  trichomes,  having  thick  walls  and  resem- 
bling those  found  on  the  axis  in  Jacquinia  barbasco,  have  been  demonstrated  by 
Votsch  in  the  spedes  included  under  Nos.  1-9  in  Mez's  monograph  (/.  aculeata^ 
Mez,  /.  barbasco^  Mez,  /.  Berterii^  Spreng.,  /.  brasUiensis^  Mez,  /.  Eggersii^  Urb., 
/.  incrusiata,  Urb.,  /.  keyensis,  Mez,  /.  linearis^  Jacq.,  /.  revoluta,  Jacq.)*. 
With  these  trichomes  we  may  class  the  multicellular  dothing  hairs  occurring  in 
the  species  of  Jacquinia^  described  under  Nos.  31-33  of  Mez's  monograph  (viz. 
/.  Sderianaj  Urb.  et  Loes.,  /.  Sprucei,  Mez,  and  /.  pubescenSy  H.  B.  K.) ;  these 
hairs  are  either  dichotomously  branched  or  resemble  an  antler  in  shape. 
Glandular  hairs  have  been  observed  only  on  the  axis  of  Jacquinia  pungens. 
Gray ;  they  are  not  sunk,  and  are  provided  with  a  unicellular  stalk  and  a  uni- 
cellular head. 

3.  Structure  of  the  Axis.    According  to  Pitard  a  composite  and  con- 


'  According  to  Votsch  (p.  532)  trichomes  of  the  same  type  as  those  found  in  Jacquinia  harbasco 
occur  also  in  J,  Jlammea,  Millsp.  and  y.  stenophylla^  Urb.,  while  on  pp.  521  and  524  they  are 
stated  to  be  absent  in  these  species.    These  contradictory  statements  remain  to  be  explained. 


ADDENDA^MYRSINEAE  979 

tinuous  ring  of  sclerenchyma  is  also  developed  in  the  pericycle  in  species  of 
Ardisiaj  Conomorpha^  and  Embelia.  The  statement  as  to  the  excretion  of  car- 
bonate of  lime  in  the  lumina  of  the  vessels  in  Myrsine  Grisebachii,  Hieron.  must 
be  cancelled,  since,  according  to  Mez,  M.  Grisebachii  does  not  belong  to  the 
Myrsineae,  but  is  a  member  of  the  Sapotaceae  (CkrysophyUum  Grisebachii^  Mez); 
It  remains  to  mention  that,  according  to  d'Arbaumont,  the  cells  of  the  cortex 
and  pith  in  Myrsine  africana  show  a  passing  deep  indigo-blue  coloration  on 
treatment  with  caustic  potash. 

For  the  structure  of  the  terrestrial  roots  oiAegiceras  majus  (annular  thickenings 
in  the  ceUs  of  the  cortical  parenchyma),  see  Karsten,  loc  dt. 

Literature:  Wijnaendts  Fnmcken,  Sclerdden,  Diss.,  Utrecht,  1890,  pp.  56,  57. — Karsten, 
MangroTevegeUtion,  Bibl.  hot,  Heft  a2, 1891,0. 50.— Boeigesen  og  Paulsen,  Vegetat.  dansk-Testind. 
OttjBoi.  Tidnkiift,  xzii,  1898--9,  pp.  aa,  33  (jacquinia  amtillaris^  Jacq.)— D'Arbaumont,  Myrsine 
tMcana^  Jonm.  de  hot.,  1900,  pp.  361-8. — Pitard,  P^cyde,  Th^,  Bordeaux,  1901,  p.  64.-* 
Areicboug,  Mangrovepfl.,  Bibl.  bot,  Heft  56,  1902,  pp.  55-7  and  Tab.  iv  {Aegiceras  ^). — Clanditz, 
filattanat  canar.  Gew.,  Diss.,  Basel,  1903,  pp.  28-31  {Hebcrdenia,  PUhtmris*), — Mez,  Myrsinaceae, 
in  Pflanxenreich,  Heft  9, 190a,  pp.  3,  4. — Mennechet,  Poils  ^pid.  dei  M3rrsin.  etc,  Joum.  de  bot, 
1903,  pp.  355-7.~Mez,  TbeophrasUoeae,  in  Pflanxenreich,  Heft  15,  1903,  pp.  3,  4.— Votach,  Syst- 
anat  Unters.  von  Blatt  n.  Axe  der  Theophrastaceae,  in  Engler,  Bot.  Jahrb.,  xxxiii,  1904,  pp.  502-46; 
also   Diss.,  Erlangen,    1903.— Joh.   Schmidt,  Verdens   Mangrove   traeer,  Bot.   Tidsskrift,   i904> 

S>.  106-13  (salt-glands  of  Aegkeras  mo/W).— Areschoog,  Trop.  vaxt.  bladbyggn.,  Sv.  Vet.  Akad. 
andL,  39,  n.  a,  1905,  pp.  133,  134  (r>i^/Anu/a),  pp.  148,  149  {ArtHsia),  pp.  1^2-^  {Jacquinia). 
^[H.  Weiss,  Aegiceras  ma/uSy  Diss.,  Strassburg,  1906 ;  extract  in  Archiv  d.  Phann.  1900,  p.  331.]^ 
Holternumn,  Einfluss  d.  Klimas  etc.,  1907,  p.  58  (Aegiceras). 


SAPOTACEAE  (pp.  512-515). 

Engler  records  hypoderm  in  the  leaf  also  in  Butyrospermum  Parkii  (one- 
layered),  Palaquium  ohlongifolium  (one-layered)  and  Mimusops  Commersonii 
<3-4  layered),  and  sclerenchjonatous  fibres  in  the  mesophyll  in  Synsepalum 
didciforme,  Daniell. 

Engler  observed  '  one-armed '  hairs  with  transitions  to  ordinary  simple 
trichomes  on  the  ovary  of  Mdlacantha  Warneckeatia,  Engl,  and  other  species  of 
this  genus.  According  to  the  same  authority  simple  unicellular  hairs  almost 
completely  cover  the  different  parts  of  the  plant  in  Ddpydora^  Pierre. 

Kecent  investigations  on  the  laticiferous  elemente  have  been  published 
by  Charlier,  who  showed  that  the  sacs  are  present  in  the  root  also  (primary 
cortex  and  bast).  According  to  CharUer,  the  occurrence  of  laticiferous  sacs 
running  fi:eely  in  the  mesophyll  is  by  no  means  so  rare  as  has  hitherto  been 
supposed.  In  the  root,  the  laticiferous  sacs  of  the  bast  are  arranged  in  longi- 
tudmalrows,  which  are  united  to  form  a  network,  or  lie  with  their  longitudinal 
walls  apposed  to  one  another,  the  common  walls  of  contact  in  the  latter  case 
-exhibiting  thin  areas  ('  laticif4res  anastomoses ') ;  the  laticiferous  elements  of 
the  primary  cortex,  on  the  other  hand,  consist  of  rows  of  cells,  which  as  a  rule 
do  not  enter  into  connexion  with  one  another.  In  the  axis,  the  bast  Ukewise 
contains  '  laticif^res  anastomos6es,'  the  longitudinal  and  transverse  walls  of 
which  show  thin  areas,  which  are  occasionally  even  perforated ;  Charlier  thinks 
it  not  improbable  that  in  the  older  axes  these  cdls  ultimately  fuse  to  form  a 
system  of  laticiferous  vessels.  The  primary  cortex  and  the  pith  for  the  most  part 
include  simple  rows  of  laticiferous  sacs  only.  The  axis  of  certain  species  of 
Bumelia  is  particularly  remarkable  in  containing  groups  of  irregularly  arranged 


^  In  Aegiceras  Areschoug  records  secretory  cells  instead  of  secretory  cavities,  which  b  no  doubt 
a  mistake. 

*  In  tills  paper  the  secretory  cavities  are  likewise  incorrectly  described  by  Clauditz  as  secretoiy  oelli. 
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laticiferous  sacs,  ivhich  undergo  fusion  at  an  early  stage.  In  the  case  of  the 
rows  of  laticiferous  sacs  occurring  in  the  leaf,  it  is  not  certainly  established 
whether  absorption  of  the  transverse  walls  really  takes  place  occasionaUy«  In 
some  members  of  the  Order  isolated  laticiferous  sacs  are  found  in  the  meso- 
^hyUy  e.g.  in  the  meshes  formed  by  the  network  of  the  veins  in  Sideroxylon 
evipes^  Bak.  (here  side  by  side  with  groups  of  two  or  three  laticiferous  sacs)^ 
According  to  CharUer  crystal-sand  occurs  especially  in  the  laticiferous  sacs 
of  the  leaf ;  it  is  rare  in  those  of  the  axis»  but  is  found  in  the  sacs  situated 
near  the  epidermis.  It  remains  to  mention  that  the  genus  Tridesmosiemon 
likewise  possesses  laticiferous  sacs. 

For  the  excretion  of  carbonate  of  lime  in  the  lumina  of  the  vessels 
in  ChrysophyUum  Grisebachii^  Mez,  see  under  Myrsineae.  BargagU-Petrucd 
met  with  silica-bodies  in  the  wood  of  Palaquium  sp.  and  Bassia  crassipes^  Pierre. 

litentare:  Hohnel,  Gerberinden,  Berlin,  1880,  p.  106  et  seq.^Brandt,  Wenig  bek.  Rinden, 
Din.,  Dorpat,  1804,  p.  p  et  seq. — [Rernpel,  Pmna  I^teriiy  etc.,  Th^  de  phaim.,  Moscow,  1898 
(Russian) ;  cited  by  Gr^lot  and  Cbarlier.}— Gr^lot,  Caoutchoucs  et  GatUpercha,  Th^,  Paris,  1899, 
p.  340  et  seq.— [Obach,  Guttapercha,  Dresden,  1899.I— Uispmng,  Anat  n.  Jahresringbiid.,  Diss., 
Basel,  1900,  pp.  30-3  {Imbrkaria  maxima^  Poir.). — ^Baigagli-Petracd,  Concrez.  silicee,  Malpigfaia, 
iQoa,  p.  a3  et  seq. ;  and  Legnami,  loc.  cit.,  p.  360  et  seq. — Fabricins,  Laabblattanat.,  Beih.  z.  BoL 
dentralbl.,  zii,  190a,  pp.  306-8.— Col,  Faisceanx,  Ann.  sc.  naL,  s^r.  8,  t.  xx,  1904,  p.  isi. — Eogler, 
Sapotaceae,  in  Monogr.  afrik.  Pflanz.-Fam.  u.  Gatt,  Tiii,  1904,  pp.  3-5.— Areschoog,  Trop.  rkA, 
bladbyggn.,  St.  Vet.  Akad.  Handl.,  39,  n.  a,  1905,  pp.  37,  38  and  Tab.  t,  tI  {fiassid)^  pp.  106, 
107  and  Tab.  xii  {phrysophyUum).^Q\Mi\va,  Et.  anat.  des  pi.  k  Gattapercha,  etc.,  Th^,  Paris, 
1905,  160  pp.;  also  Jonm.  de  bot.,  1905  i^Achras^  Argania,  Bassia,  Bumslia,  Chrysophyttum, 
Hormogynty  Lucuma,  Mimmsops^  Palaquium,  Payena,  Sideroxyhn), — Engler,  Tridesmostemon, 
in  Engler,  Bot  Jahrb^,  xxxviii,  1905,  p.  99. — Holtermaon,  Einfloss  d.  Klimas,  etc.,  1907,  p.  179 
{Bassia), — [For  further  literature,  see  p.  117a.] 

EBENACEAE  (pp.  516-519). 

3.  Structure  of  the  Axis.  Pitard  records  a  composite  and  continuous 
ring  of  sclerenchjrma  in  the  pericycle  in  several  species  of  Diospyros  and  in  Maba 
buxifolia. 

Literature:  Knoblauch,  Okolog.  Anat,  Habilitat.-Schr.,  Tiibingen,  1896,  p.  ai  et  seq.— Pitazd, 
P^ricyde,  Thte,  Bordeaux,  1901,  p.  83.— Baigagli-Petmcci,  I«snami,  Malptghia,  190a,  p.  361 
(Z7MJ/>^rvx).— [Wright,  Diospyros,  its  morphology,  anatomy,  and  taxonomy,  Ann.  Bot.  Garden, 
Peradeniya,  ii,  1904,  pp.  i  and  133  et  sea. ;  abstr.  in  Just,  1904,  i.  p.  769.] — Picdoli,  Legnami,  Bull. 
Siena,  1906.  p.  141.— [Elsler,  Extraflor.  Nektar.  u.  Papill.  d.  Blattunterseite  von  Dios^ros  disc^l^r, 
Willd.,  Anzeiger  Wiener  Akad.,  1907,  p.  419 ;  and  Sitz.-Ber.  Wiener  Akad.,  cxyI,  Abt.  i,  1907, 
PP-  ^ffiZ-^t  2  Tab.] 

STYRACEAE  (pp.  519-521). 

The  following  new  features  have  been  observed :  alumina-bodies  in  the 
mesophyll  and  cortex  in  the  species  of  Symplocos ;  papillose  differentiation  of 
the  lower  epidermis  of  the  leaf ;  development  of  hypoderm  on  the  upper  side  of 
the  leaf ;  differentiation  of  arm-palisade  parenchjona ;  spicular  fibres  branching 
off  from  the  sderenchs^ma  of  the  veins  ;  secretory  organs  resembling  intramural 
glands  at  the  mar^  of  the  leaf  or  in  the  leaf- teeth ;  occurrence  of  solitary  and 
clustered  crystals  m  the  epidermis  of  the  leaf ;  hydathodes  of  peculiar  structure. 
All  these  features  have  been  recorded  in  certain  species  of  Symplocos. 

The  STRUCTURE  OF  THE  LEAF  in  Symplocos  has  recently  been  investigated  by 
Cador  and  especially  by  Wehnert.  The  leaves  in  this  genus  are  invariably 
bifacial.  The  palisade  tissue  consists  of  one  or  more  layers,  and  in  many 
species  is  differentiated  as  typical  arm-palisade  parenchyma,  especially  in  the 
lower  layers.  The  spongy  tissue  likewise  shows  diverse  structure ;  in  certain 
species  it  is  composed  of  well-developed  stellate  cells,  which  (especially  in  the 
lower  layers)  are  occasionally  somewhat  sclerosed.  The  epidermal  cells  have 
.straijght  or  undulated  lateral  walls.    Gelatinization  of  the  epidermis  has  not 
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been  observed.  Features  deserving  special  mention  are  :  the  large  epidennal 
cells  found  in  Sympiocos  confusa^  Brand ;  the  epidennal  cells  of  5.  polyandra^ 
Brand,  with  lateral  walls  bent  in  a  zigzag  manner  and  provided  with  ri(]^e* 
like  processes  in  the  apices  of  the  angles  ;  the  papillae  on  the  lower  side  of  the 
leaf  of  S.  neriifolia,  S.  et  Z.,  which  are  connected  by  means  of  cuticular  ridges ; 
lastly,  the  nature  of  the  cuticle,  which  is  either  provided  with  delicate  striae  or 
with  thick  ridges,  and  often  presents  a  very  characteristic  appearance  (e.g. 
especiaUy  in  5.  Itatiaiae,  Wawra).  The  stomata  are  confined  to  the  lower  side 
of  the  leafy  and  are  provided  with  two  subsidiary  cells  placed  paraUel  to  the 
pore,  as  in  the  Rubiaceous  type,  the  subsidiary  cells  in  some  cases  undergoing 
transverse  division.  According  to  Wehnert  a  typical  one-layered  hjrpodenn  is 
found  beneath  the  upper  epidermis  in  Sympiocos  Hohenackeriy  Clarke,  5.  micro- 
phyllay  Wight,  5.  rubiginosa,  WaU.,  and  5.  Staweliij  F.  v.  H. ;  Holtermann 
records  a  hypoderm  also  in  5.  obtusa  (continuous  and  often  even  consisting  of 
two  layers)  and  S.  spicata  (here  locally  developed).  The  vascular  bundles  of 
the  lateral  veins  are  sometimes  vertically  transcurrent  on  both  sides  of  the 
leaf,  or  at  least  on  the  one  side  or  the  other.  Wehnert  demonstrated  branching 
of  the  sclerenchyma  of  the  veins,  the  branches  penetrating  into  the  mesophyll, 
in  5.  neriifolia,  S.  et  Z.  and  5.  riMginosa^  Wall.,  as  well  as  in  5.  colorata^  Brand. 
Oxalate  of  lime  is  excreted  in  the  form  of  large  or  small  soUtary  crysta]s,which 
are,  for  the  most  part,  rhombohedral,  although  occasionally  almost  cubical, 
while  in  other  cases  it  is  deposited  as  clustered  crystals  ;  in  certain  species  of 
Sympiocos  it  occurs  also  in  the  epidermis  of  the  leaf  in  the  form  of  soUtary  and 
smaU  clustered  crystals.  The  only  type  of  trichome  found  in  Sympiocos  is  that 
of  simple  sclerenchymatous  clothing  hairs  provided  with  thin  transverse  walls. 
With  tbese  we  may  associate  the  pecuUar  hydathodes,  observed  by  Wehnert  on 
both  surfaces  of  the  leaf  or  only  on  the  upper  surface  in  5.  adendphyUa,  Wall., 
5.  neriifolia^  S.  et  Z.,  and  5.  Unuifolia^  Brand.  These  hydathodes  are  unicellular 
structures,  having  the  shape  of  an  inverted  pistil ;  their  outer  end  shows  a 
bladder-like  enlargement,  while  internal  to  this  the  hydathode  is  provided  with 
a  narrow  neck,  which  is  wedged  into  the  centre  of  a  rosette  of  7-S  very  small 
epidermal  cells,  andasUghtly  enlarged  basal  portion.  The  secretory  organs 
above  mentioned  have  been  demonstrated  at  the  margin  of  the  leaf  in  5.  adeno- 
phyUa,  Wall.,  and  in  the  leaf-teeth  in  S.  glomeraia^  King.  They  consist  of 
rounded  spaces,  traversed  by  large  numbers  of  elongated  tubular  cells,  which 
form  a  secretion  resembling  gum,  and  are  irregularly  interwoven  with  one 
another ;  the  structures  thus  recall  the  intramural  glands  found  in  PsorcUea^ 
and  the  glands  of  MMetia,  &c.  (see  under  Leguminosae). 

The  alumina-bodies,  referred  to  above,  were  discovered  by  Radlkofer  in 
the  mesophyll  of  Sympiocos  ;  according  to  Wehnert  they  probably  occur  in  all 
the  species  and  are  found  in  the  cortex  as  well.  In  transverse  sections  of  the 
leaf,  cleared  with  Eau  de  Javelle  (which  should  contain  no  carbonate  of  soda) 
they  appear  as  gnunose,  pateriform,  or  placentiform  bodies  which  are  colour- 
less, have  an  irregular  angular  or  rounded  outline,  and  are  insoluble  in 
water ;  they  fill  the  greater  part  of  the  palisade-cdls,  in  which  several  of 
these  bodies  lie  one  above  the  other,  while  they  often  take  up  almost  the  entire 
breadth  of  the  cell ;  in  appearance  they  are  not  quite  unUke  the  deposits 
of  solid  fat,  which  occasionally  occur  m  the  cells  of  the  leaf  (Radlkofer, 
loc.  dt.,  p.  216).  According  to  Wehnert  they  assmne  a  bright  red  colour  after 
treatment  with  a  weak  alksdine  solution  of  Brasilin,  and  are  then  easily  recog* 
nized.  We  may  add  that  in  many  species  of  Sympiocos  fat  is  met  with  in  the 
epidermis  and  mesophyll. 

The  scalariform  perforations,previously  recorded  as  occurring  in  thevessels 
in  SymplocoSy  were  found  by  Wehnert  to  be  of  general  distribution  ;  the  number 
of  bars  varies  from  15  to  30. 


98a  ADDENDA-^TYRACEAE 

Lhentme :  Piene,  Flore  ibreit.  de  U  CocUnchine,  zWi,  i89a^-Lad7,  Samatn-Bauoe,  Diac, 


&. 


Bern, 

Mati 

Sjrmplocaceae,  in  Pflanienreicli,  Heft  6,  1901,  p.  3. — Pitaid,  P^ricycte,  Th^  Boidamx,  1901, 
,  94.— Radlkofer,  Tooerdekorper,  Ber.  dentsch.  bot.  Getellsch.,  1904,  rapt.  316-34.— Tidiiich, 
•nfluK,  Flora,  1904,  pp.  188-91. — Wehneit,  Aiiat«-ayst.  Untenuch.  d.  Bl.  d.  Gatt.  Sympiocm^ 

Diss.,  Mimchen,  1906,  57  pp. — Holtennann,  Einflosa  d.  Klimai,  etc.,  1907,  p.  118  {Symplifc^\ — 

[Perkinsy  Styracaceae,  in  Pflanzenieich,  Heft  30,  1907,  pp.  5,  6.] 


OLEACEAE  (pp.  521-526). 

Papillose  differentiation  of  the  lower  epidermis  of  the  leaf  (coronulate 
papillae  united  by  a  network  of  ridges)  occurs  only  in  three  cases  among  the 
different  species  of  ash,  viz.  in  Fraxinus  atnericana,  L.,  F,  juglandifolia^  Lam. 
(nonWilld.)  and  F,  Texensis,  Sarg.  (Kohne).  Spicular  cells  are  also  found  in 
the  mesophyll  in  Oka  Gardneri  and  0.  laurifolia  (Holtermann,  Gerhard).  To 
the  previous  description  of  the  external  glands  (see  p.  523)  we  may  add  that  in 
some  cases  (e.g.  the  glands  on  the  buds  of  Fraxinus  Ornus)  they  have  a  some- 
what sphericsd  head,  divided  by  one  or  more  vertical  walls  into  the  corre- 
sponding number  of  cells.  Regarding  the  occurrence  of  extrafloral  nectaries 
on  the  leaves  of  a  species  of  Fraxinus^  see  Delpino,  loc.  cit. 

According  to  Baldacci  the  development  of  the  cork  takes  place  in  the 
epidermis  in  Porsythia  europaea  (cf.  p.  525).  According  to  Pitard  the  pericycle 
also  contains  isolated  groups  of  bast-fibres  in  Fontanesia  phiUyraeoides  and 
Forsythia  suspmsa^  while  in  CMonatUhus,  ForesHera  porulosa,  Fraxinus,  Jasmin 
num,  Linociera  compacia,  Olea  americana^  0.  europaea,  and  Phillyrea  there  is 
a  composite  and  continuous  ring  of  sclerench3^a ;  in  Jasminum  the  latter  does 
not  persist  for  any  great  length  of  time,  while  in  Olea  europaea  and  Phillyrea 
angusUfolia  the  sclerenchymatous  ring  is  still  found  in  axes  of  4  cm.  diameter, 
and  in  Fraxinus  excelsior  even  in  those  of  35  cm.  diameter.  MoUer's  earUer 
statements  on  this  point  (see  p.  525)  refer  for  the  most  part  to  pieces  of  bark 
from  old  stems. 

Literature:  Wijnaendts  Francken,  Sclereiden,  Diss.,  Utrecht,  1890,  pp.  53-5. — Stock,  Protein- 
krjrstalle,  in  Cohn,  Beitr.,  vi,  i893.~[Tognini,  Stomi,  Atti  1st.  bot.  Pavia,  1894.I — [Denniston, 
Fraxinus  america$ta^  Pbaim.  Ardiives,  1898,  n.  i :  abstr.  in  Jast,  1898,  ii,  p.  13.]— Kohne,  Fraxinms- 
Aiten,  in  Wittmack,  Gartenflora,  1899,  pp.  a8a-8.— Baldacci,  Forsythia  europaea^  Degen  et  Bald., 
Mem.  Aocad.  Sc.  Bologna,  ser.  v,  t.  viii,  1900,  pp.  481-90  and  tab.  i,  ii.— Tunmann,  Sekretdriisen, 
Diss.,  Bern,  1900,  pp.  39-33.— Petersen,  Vedanatomi,  1901,  pp.  85-7.— Pitard,  Pericycle,  Th^, 
Bordeaux,  1901,  pp.  75,  76  and  86, 87.— Clauditz,  Blattanat.  canar.  Gew.,  Diss.,  Basel,  1903,  pp.  36, 
37  (./Vrr(WM).~Geihard,  Blattanat.  d.  Gew.  d.  Knysnawaldes,  Diss.,  Basel,  1903,  pp.  34-6  {OIm).— 
rArmari,  Piante  delia  reg.  medit.,  Annali  di  Bot.,  i,  1903,  p.  17  et  seq.  {Phillyrea)^ — [Ddpino,  Not. 
fitobiol..  Bull.  Orto  bot.  Napoli,  i,  1903,  p.  435  et  seq.;  abstr.  in  Jnst,  1903,  i,  p.  385,]— Col, 
Faisceaux,  Ann.  sc.  nat.,  s^r.  8,  t.  xx,  1904,  p.  117.— Siissengutb,  Behaamngsverh.  d.  Wiirzb. 
Muscfaelkalkpfl.,  Diss.,  Wiirzbaig,  1904,  p.  44.— Kohne,  Forsythia,  Gartenflora,  1906,  p.  199  et  seq. 
— Piocioli,  Legnami,  Bull.  Siena,  1906,  pp.  146,  154,  177,  178,  180,  and  181.— Hokermann,Einflusa 
d.  Kltmas,  etc«,  1907,  p.  119  (0/«a).— [For  further  literature,  see  p.  1171.] 


SALVADORACEAE  (pp.  526-528). 

For  the  structure  of  the  leaf-spines  of  Azima  tetracantha,  see  LotheKer. 
Interxylary  phloem  is  found  also  in  the  root  of  Salvadora, 

^  Literature:  Moller,  Rindenanatomie,  1883,  p.  136.— Scott  and  Brebner,  StrychnoSy  Ann.  of  Bot, 
ib>  J889,.p.  396.— Lothelier,  Epines,  Thte,  Pans,  1893,  p.  37.— Brandt,  Wenig  bek.  Kinden,  Diss., 
Dorpat,  1804,  p.  18  et  seq.— Leisering,  Interxylares  Lq)tom,  Diss.,  Berlin,  1899,  pp.  35-6.— Holter- 
mann, Eintlnss  d.  Klimas,  etc.,  1907,  p.  iii  {Salvadcra persica). 
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APOCYNACEAE  (pp.  528-534). 

1.  Review  of  the  Anatomical  Features.  The  following  additions  are 
necessary.  Gelatinization  of  the  spongy  tissue  has  been  observed  also  in 
species  of  the  genera  Carpodinus,  Chilocarpus,  Cylindropsis,  Landolphia^  and 
Willoughbeia  ;  hypoderm  occurs  aJso  in  the  leaf  of  species  of  Bousigonia^  Carpo- 
dinus,Chavannesia^ChUocarpus^  Ichnocarpus,  Lepiniopsis,  Leuconotis,  MicrechiteSy 
NoueUea^  Parabarium,  Sderodidyan,  Willoughheia  ;  papillae  are  developed  on 
the  lower  side  or  on  both  sides  of  the  leaf,  as  the  case  may  be,  in  species  of 
Apocynum,  Landoiphia^  Willoughbeia ;  spicular  fibres  are  found  in  the  meso- 
phyll  in  species  of  Bousigonia,  MicrechiUSy  Neocouma,  Sderodictyon^  Trachdo- 
spennum.  Bast-fibres,  which  are  completely  enveloped  by  crystal-cells,  occur 
in  Quebracho-bark.  Secretory  cells,  forming  a*  layer  beneath  the  palisade 
tissue,  are  found  in  species  of  6aissea,  Echiies,  Kopsia,  and  Tabernaemontana^ 
mucilage-cells  in  species  of  Apocynum^  Carissa^  and  Ichnocarpus,  and  lysigenous 
mucilage-cavities  in  species  of  Bousigania,  Chonemorpha^  Micrechites,  PoUsiUy 
and  Rhynchodia,  Sohtary  crystals  occur  in  the  epidermis  of  the  leaf  in  species 
of  AlsUmia^  Cerbera,  and  Hunteria.  Cork-warts  are  present  on  the  leaves  in 
species  of  Carpodinus^  ChUocarpus^  Clitandra,  Landoiphia^  LeuconotiSy  and 
Pycnobotrya.  Oxalate  of  lime  is  occasionally  excreted  also  in  the  form  of  small 
solitary  crystals. 

2.  Structure  of  the  Leaf.  The  following  additions  to  the  earlier  state- 
ments are  principally  based  on  the  papers  by  Garcin,  Hallier,  Pajnrau,  and  Spire^. 

The  epidermal  cells  of  the  leaf  have  lateral  walls  showing  diverse  struc- 
ture and  lumina  of  varying  size.  In  the  xerophilous  species  the  cuticle  is  often 
strongly  developed  ana  frequentiy  striated  as  well.  Curved  lateral  walls  pro- 
vided with  marginal  pits  are  recorded  by  Hallier,  for  example,  in  aU  the  species  of 
LandolphiUy  with  the  exception  of  L,  gummiferay  K.  Sch.,  while  serrated  cuticular 
prominences  of  quite  a  special  type  are  stated  to  occur  on  the  lower  side  of  the 
leaf  in  Melodinus  orientaliSy  Bl.  6elatinization  of  the  inner  walls  of  the  epidermal 
cells  has,  curiously  enough,  not  hitherto  been  observed  in  any  member  of  the 
Order.  In  Chonemorpha  GriffUhii,  Hook.  (Spire)  and  Chilocarpus  costatuSy  Miq. 
some  of  the  upper  epidermal  cells  of  the  leaf  are  divided  by  horizontal  walls. 
Hypodermisvery  widelydistributed;  it  has  recently  been  observed  in  the  follow- 
ing additional  species  :  Ichnocarpus  frutescenSy  R.  Br.  (one-layered)  and  Nerium 
odofuiHy  Soland.  (3-layered  on  the  upper  side,  2-3-layered  on  the  lower  side)  by 
Garcin  ;  Carpodinus  lanceolatuSy  K.  Sch.  (one-layered),  Chilocarpus  suaveolens, 
BL,  and  C.  vemicosuSy  Bl.  (one  layer  of  cells  with  wide  lumina),  dhilocarpus  sp.. 
Hose  n.  3049,  Lepiniopsis  iernatensiSyValet.  (one  layer  of  cells  with  wide  lumina), 
Leuconotis  ancepSy  J  acq.  (one  or  two  layers  of  cells  with  wide  lumina),  Micrechites 
micranthay  Hallier  f.  (2-3-layered  on  the  upper  side,  one-layered  on  the  lower 
side),  M.  polyanthay  Miq.  (2-3-layered),  Sderodiciyon  Griffonianum  (according 
to  Pierre)  sndWilloughbeia  grandiflorayI>yer  (i-2-layered)by  Hallier;  Bousigonia 
angusiifoliay  Pierre,  B,  mekongensiSy  Pierre,  Chavannesia  esculenUiy  DC,  Micre* 


^  Garcin  investigated  species  of  Acokanthera  (Tcxuephl^a),  Alyxia,  Amsonia,  Apocynunty 
Carissa  (with  Arduina\  Cerbera  {Tanghinia),  EchiteSy  ForsUroma,  Ichnocarpus^  MandeuUlay 
Mehdinusy  Nerium^  Plumieray  Rauwolfia  {Ophioxylon),  Tabemaemonianay  Tkeveiiay  Tnuheh' 
spermum  {Jihynchospermum\  Vinca ;  Hiulier  examined  spedet  of  Carissa^  CcupodinuSy  ChilocmpHty 
Cliitttidra,  Craspidospermum,  CyiindropsiSy  Hunteriay  Lundd^hiay  LepinwpHsy  LeucotuHSy 
Melodinus.  Otopctatum  {^'^Idicrechites\  Willoughbeiay  fVinckia;  /PtLyma  examined  spedes  of 
Sirophantkus ;  and  Spire  species  of  the  Indo-chinese  genera  Aganoneriony  AmaloccUyx,  Boustgonufy 
Chonemorphay  Ecdyscmtheray  Melodinus  y  Micrechites^  NouetUayParabariumy  Pammeriay  RhynehmUOy 
XyHnabcuria*  The  investigations  of  Garcin,  Payrnu,  and  Spire  deal  also  with  the  structvie  ol 
the  axis. 
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chiUs  Jacquetif  Pierre  (one-layered),  NoueUea  cockinchinensis^  Pierre,  Parabarium 
Spireanum^  Pierre,  P.  Tournieri^  Pierre  and  P.  Vernetif  Pierre  (composed  of 
large  cells)  by  Spire;  ChUocarpus  airoviridis^  Bl.  (2-Iavered)  by  Areschoug. 
Papillae  are  distinctly  differentiated  on  the  lower  side  of  the  leaf  in  Apocyntim 
cannabinum^  L.,  Landol/phia  ochracea^  K.  Sch.,  and  WiUoughbeia  grandiflora^ 
Dyer,  and  on  both  sides  of  the  leaf  in  Apocynum  androsaemifolium^  L.  (Gardn 
and  Hallier).  The  papillae  found  in  WiUoughbeia  grandiflora  show  a  peculiar 
type  of  structure  ;  they  are  narrow  and  columnar  in  shape,  have  narrow  lumina, 
and  bear  two  or  more  spherical  heads,  thus  resembling  a  femur  in  appearance. 
Regarding  the  papillose  prominences  arising  from  the  middle  of  the  outer  wall  of 
the  lower  epidermal  cells  in  Vinca  major  and  V.  herbacea  (not  in  V.  minor)^  see 
Haberlandt,  loc.  cit. ;  in  these  structures,  which  can  scarcely  be  described  as 

Eapillae,  and  which  function  as  organs  for  the  perception  of  light,  the  cellulose- 
lyer  is  produced  into  a  stopper-luce  process  which  penetrates  into  the  cuticle. 
Stomata  of  the  Rubiaceous  type  with  a  subsidiary  cell  situated  to  the  right  and 
left  of  and  parallel  to  the  pore  have  recently  basn  demonstrated  in  species  of 
Carpodinus^  ChUocarpus,  Chonemorpha,  Clitandray  Cylindrotsis,  Landolphia,  Lopi- 
niofsiSf  Micrechites  (with  Otopetalum),  Parabarium,  Stropkanihus,  WiUoughbeia, 
ana  Winchia  ;  on  the  other  hand,  stomata  with  three  or  four  neie;hbouring  cells 
are  recorded  in  species  of  Carissa,  Craspidospermum,  EcdysatUhera,  Hunteria, 
LeuconotiSj  Melodinus,  and  Rhynchodia  (Hallier,  Payrau,  and  Spire).  The 
stomatal  pits,  characteristic  of  the  common  oleander,  occur  not  only  in  this 
species,  but  also  in  Nerium  odorum,  Soland.  Hallier  describes  stomata  which 
are  deeply  simk  and  have  a  vestibule  above  the  guard-cells  in  Leuconopsis 
anceps.  Jack  and  longitudinal  ridges,  covering  in  the  pairs  of  guard-cells,  in 
Landolphia  capensis,  Oliv.  According  to  Hallier  the  gelatinization  of  the 
spongy  tissue,  first  observed  by  Radlkofer  in  certain  members  of  the  Order,  as 
a  rule  constitutes  a  specific  character  only  ;  it  is  widely  distributed  in  the  genera 
Carpodinus,  ChUocarpus,  Cliiandra,  Cylindropsis,  Landolphia,  2UidWiUoughbeia\ 
In  certain  species  of  Carpodinus,  ChUocarpus,  Melodinus,  and  WiUoughbeia 
figures  due  to  drying  have  been  recorded  in  the  palisade  tissue.  Spicular  fibres, 
which  have  a  varied  course  and  branch  off  from  the  sclerenchjnna  of  the  veins, 
are  found  in  Bousigonia  mekongensis,  Pierre,  Micrechites  micrantha,  Hallier  f ., 
Af .  polyantha,  Miq.,  Neocouma  ternstroemiacea,  PierTe,SclerodictyonGriffonianum, 
Pierre,  and  Trachelospermum  jasminoides,  Lem.  (Garcin,  Hallier,  Pierre,  Spire). 
According  to  Hallier  cork-warts,  like  those  found  in  Pycnoboirya  (see 
p.  529),  occur  on  the  lower  side  of  the  leaf  also  in  all  true  species  of  Carpodinus 
and  ChUocarpus  (in  Carpodinus  li^ustrifolius,  Stapf  on  the  upper  side  as  well), 
as  well  as  in  Clitandra  myriantha,  Pierre,  Landolphia  owariensis,  Hallier  f .,  L.  reti- 
culata, Hallier  f .,  Leuconotis  anceps.  Jack,  and  L.  eugenifolius,  DC.  The  varia- 
tions recorded  in  Landolphia  owariensis  are  related  to  the  more  or  less  advanced 
stage  of  development  of  these  structures. 

The  structure  of  the  petiole  has  been  examined  in  some  detail  by  Garcin, 
Hallier,  Pierre,  and  Spire.  In  Nerium  the  petiole  is  traversed  by  5-7  vascular 
bundles,  but  in  many  Apocynaceae  there  are  only  three  bundles,  of  which  the  two 


^  The  species  in  which  this  feature  has  been  observed  are  as  foUows  :  Carpodinus  Barteri,  Stapf, 
C.  fuhms,  Pierre,  C.  lameokUuSy  K.  Sch.,  C.  Uptanthus,  Stapf,  C.  iigustrifoims,  SUpf, 
C.  maximus,  K.  Sch.  (vix  \\  C,  subrepandus,  K.  Sch.  (vix !),  C.  turbinatus,  SUpf,  C.  vMuem, 
K.  Sch.;  Chiiocarpus  atrmnridis,  Bl.,  C  denudatuSf  Bl.,  C.  suaveolens^  Bl.,  C  vemicosus^  Bl.; 
CHUmdra  Buchanani,  Hallier  f.,  C.  cirrhosa,  Radlk.,  C.  favidi/cra,  Hallier  f.,  C.  gracilis, 
Hallier  f.,  C.  landolphioides^  Hallier  f.,  C  iHtaniha,  Hallier  f.  (vix !),  C.  myriantha,  Pierre, 
C,  Schweinjurthiif  Stapf,  C  visciflua,  K.  Sch. ;  Cylindropsis  parvi/oiia,  Pierre,  C  togoiana, 
Hallier  f.,  C.  IVatsopiiana,  Hallier  f.;  Landoifhia  bracteaia.  Dew.,  Z.  capensis,  Oliv.,  L.  crass^, 
K.  Sch.,  L.  Eminiana^  Hallier  f.,  Z.  gummijera^  K.  Sch.,  Z.  Henriquesiana,  Hallier  f.,  Z.  luctda, 
K.  Sch.,  Z.  ochracea,  K.  Sch.,  Z.  reticulata,  Hallier  f..  Z.  scandens,  Didr. ;  IVilhugkbeia  apiculata, 
Miq.|  W,  grandiflora^  Dyer,  W^jaoanica,  Bl.,  W,  tenuiflora.  Dyer. 
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lateral  strands  are  small  and  often  show  concentric  structure ;  in  other  members 
of  the  Order  again  there  is  only  a  single  vascular  bundle  in  the  petiole.  Pierre 
attributes  great  systematic  value  to  the  nature  of  the  principal  vascular  bundle, 
according  as  it  forms  (a)  a  tube  which  is  either  closed  or  only  provided  with  a 
very  narrow  groove  on  its  upper  side,  or  (b)  a  mass  of  wood  and  bast  which  has 
a  wide  groove  on  its  upper  surface.  Although  Pierre  goes  too  far  in  this  resi)ect, 
Hallier  likewise  describes  a  closed  or  barely  open  vascular  tube  as  characteristic 
of  the  genus  Clitandra^  and  a  grooved  mass  of  wood  and  bast  as  characteristic 
of  Carpodinus. 

We  may  next  deal  with  the  hairy  covering.  Uniseriate  clothing  hairs, 
similar  to  those  figured  for  Echites  peUata^  Veil,  in  the  earlier  part  of  this  work 
(p.  530),  have  been  observed  by  HaOier  also  in  Micrechites  polyantha,  Miq.  The 
uniseriate  hairs  found  in  Chonemorpha  mcgacalyx^  Pierre  are  remarkable,  since 
the  upper  epidermis  of  the  leaf  consists  of  several  layers  near  the  point  of  inser- 
tion of  the  hair,  while  the  lower  epidermal  cells  and  those  situated  above  the 
veins  are  prolonged  onto  the  basal  portion  of  the  hair,  occasionally  even  forming 
true  cushions  (Spiie).  According  to  Valeton  (see  also  Mirabella)  the  glandular 
shaggy  hairs,  already  mentioned,  are  present  in  very  many  members  of  the 
Order,  being  situated  on  the  interpetiolar  line  between  the  opposite  leaves  and 
on  the  inner  side  of  the  petiole. 

In  addition  to  the  forms  of  excretion  of  oxalateof  lime,  previously  observed 
(p.  530),  small  prismatic  crj^tals  occur  in  certain  Apocynaceae  (e.g.  species  of 
Aganoneriofif  Parabarium,  Xylinabaria,  &c.).  An  investigation  based  on  more 
abundant  specific  material  can  alone  settle  how  far  the  occurrence  of  solitary 
crystals  only,  or  of  clustered  crystals  only,  or  of  both  forms  side  by  side  are 
features  which  can  be  employed  in  generic  diagnosis.  We  may,  however, 
mention  that  Hallier,  for  instance,  records  only  solitary  crystals  in  the  meso- 
phyll  in  Clitandra  and  Landolphiay  and  clustered  crystals  in  the  spongy  tissue 
m  most  of  the  species  of  Mdodinus  and  in  all  the  species  of  Hunieria,  and  that, 
according  to  Garcin,  oxalate  of  lime  appears  to  be  wanting  in  Apocynum.  The 
solitary  crystals  found  in  the  mesophyll  are  occasionally  of  large  size,  and 
in  Landoiphia  gunimifera,  K.  Sch.  and  L.  crassipes^  K.  Sch.,  for  example,  they 
occupy  the  whole  thickness  of  the  leaf  ;  large  idioblasts,  containing  clustered 
cryst^Js,  and  giving  rise  to  transparent  dots  in  the  leaf,  are  found  in  HunUria 
afncana,  K.  Sch.  Another  impOTtant  systematic  feature  is  the  occurrence  of 
solitary  crystals  in  the  epidermis  of  the  leaf  in  certain  members  of  the  Order  ; 
apart  n:om  the  species  previously  mentioned  in  this  connexion  {Alstonia  scholaris 
and  Cerbera  Man^has),  this  character  is  found  in  all  the  species  of  Hunteria 
(according  to  Hallier),  in  Cerbera  Tanghin,  Hook,  (according  to  Garcin),  and  in 
Gonioma  Kamassi  (according  to  Gerhard). 

To  the  section  dealing  with  the  non-articulated  laticiferous  tubes  we  may 
add  the  following  details.  In  the  first  place  we  may  note  that  Spire  mentions 
the  occurrence  of  anastomoses  in  the  laticiferous  system  of  the  axis,  the  leaf, 
the  floral  parts  and  the  fruits  of  certain  Apocynaceae.  He  observed  only  two 
examples  of  anastomosis  in  the  axis,  viz.  in  the  laticiferous  tubes  situated  m  the 
pericycle  of  '  Alstonia  Hoediii,  F.  et  B.,'  and  in  the  case  figured  by  him  in 
Fig.  I,  pi.  XXXVI  {Cercocoma  macratUha,  Teijsm.  et  Binn.).  The  first  case 
did  not  admit  of  verification  ;  the  second^  judging  by  the  figure,  is  merely  an 
instance  of  apparent  anastomosis,  which  can  be  brought  into  relation  with  the 
branching  of  one  of  the  non-articulated  laticiferous  tubes.  On  the  other  hand. 
Figs.  I,  4,  and  5  on  pi.  XXXIV,  which  refer  to  the  laticiferous  tubes  in  the 
petals  of  Rhynchodia  Capusti,  Tierre^  Aganosma  fnarginaia^  Don  and  Parabarium 
Vemeti,  Pierre,  appear  to  show  true  anastomoses.  According  to  Spire,  however, 
anastomoses  in  the  floral  organs  and  fruits  are  likewise  of  rare  occurrence. 
Leuconotis  eugenif alius,  DC.  and  '  Ochrosia  glomerata  *  are  given  as  examples 
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of  the  occQirence  of  anastomoses  in  the  leaf.  A  careful  reinvestigation  of  these 
cases  of  anastomosis  is  very  much  to  be  desired.  With  reference  to  the  distri- 
bution of  the  laticiferous  tubes  in  the  axis  we  may  add  that  they  occur  abun- 
dantly also  in  the  pericycle.  Laticiferous  tubes  running,  freely  in  the  mesophyll 
have  been  observed  in  the  following  additional  species  :  in  Acokanthera  specta-^ 
bilis^  Hook,  by  Garcin ;  in  Chilocarpus  denudalus^  BL,  Dipladenia  airopurpurea^ 
*  Miai.  Ar^./  Parabartum  latifolium^  Pierre,  and  P.  Tournierij  Pierre  by  Spire  ^ ; 
in  HufUerta  ambiens^  Hallier  f .,  H,  pleiocarpa^  Hallier  f.,  H,  pycnantha,  K.  Sch., 
Lepiniopsis  ternaUnsiSy  Val.,  Leuconotis  anceps,  Jacq.,  and  L.  eugenifolius^  DC. 
by  Hallier.  For  the  distribution  of  the  laticiferous  tubes  in  the  petiole  and  in 
the  veins  of  the  leaf,  see  especially  Spire,  loc.  cit.,  p.  155.  The  diameter  of  the 
laticiferous  elements  varies  with  the  species  and  with  the  tissue  in  which  they 
occur.  The  largest  diameter  is  50  /m,  (laticiferous  tubes  in  the  pith  of  Heligme 
buruensis,  Teijsm.  et  Binn.),  the  smallest  5-7  fi  (cortex  of  Landolphia  Kirkii^ 
Dyer).  The  secretion  is  not  always  white,  but  may  be  bright  yellow  (Leuconotis 
eugcnifoliuSy  DC.)  or  pale  red  {Parabariunty  Parameria)  or  greenish  (Trachelo- 
spermum  jasminoidesy  Lem.).  Starch-grains  were  observed  by  Molisch  in  the 
latex  only  in  Nerium  Oleandefy  L.  and  AUamanda  SchoUiij  Pohl ;  the  same 
authority  found  small  crystalloids  in  the  latex  of  the  oleander,  and  indican  in 
the  latex  (as  well  as  in  the  mesophyll)  of  EchiUs  religiosay  Teijsm.  et  Binn.  The 
walls  of  the  laticiferous  tubes  for  the  most  part  consist  of  cellulose,  but  are 
occasionally  suberized. 

The  previous  list  of  Apocynaceous  genera,  in  which  non-articiilated  laticiferous 
tubes  and  intraxylary  phloem  have  been  shown  to  occur  (see  footnote  on  p.  531). 
mav  be  amplifiea  by  the  addition  of  the  following  genera  on  the  basis  of  Uarcin's, 
Hallier's,  and  Spire's  investigations :  Acokantheray  Agananenon,  AmalocalyXy 
Bausigoniay  CarpodinuSy  ChilocarpuSy  Chon&morphay  Clitandray  Craspidospermumy 
CylindropsiSy  Ecdysaniheray  Hunteriay  Lepiniopsis,  Leuconotis,  Micrechites,  Notdetteay 
Parabartumy  Rhazya,  Winchia  and  Xytinaharia,  Spire  records  laticiferous  tubes 
also  in  species  of  Aganosma,  Cameraria,  Holarrhena,  Kickxia,  RoupeUia,  VaUaris 
and  Voacanga  (under  Orchipeda),  We  may  add  here  that  according  to  Spire  Blondel's 
statement  (Connessie,  in  lUs  nouv.  rem^des,  1887,  p.  427)  as  to  the  occurrence  of 
transverse  walls  in  the  laticiferous  tubes  of  Holarrhena  antidysenterica,  WaU.  is 
incorrect. 

In  addition  to  the  non-articulated  laticiferous  tubes  other  types  of  internal 
secretory  organs  (viz.  secretory  cells  with  contents  resembling  latex,  mucilage- 
cells  and  mucilage-cavities)  are  found  in  certain  members  of  the  Order.  Secre- 
tory cells  were  already  previously  (p.  531)  mentioned  as  occurring  in  Aspido" 
^erma  QuebrachOy  Schlecht.,  and  Gdssospermum  VeUosiiy  Peck.  According  to 
Spire  the  following  elements  belong  to  the  same  category  :  (a)  cells  filled  with 
granular  contents  and  forming  a  complete  layer  below  the  palisade  tissue  in 
Cleghornia  cymosa,  Wight  (=  Baissea  acuminatUy  Benth.),  Echites  religiosay 
Teijsm.  et  Binn.,  Kopsia  fruticosay  DC,  and  Tabernaemontana  sphaerocarpay  Bl.  ; 
(b)  the  isodiametric  secretory  cells  found  in  the  floral  organs  in  species  oiAganosma 
and  Melodinus ;  and  (c)  the  elongated  secretory  cells  present  in  the  fruits  of 
Melodinus  and  Tabernaemontana,  Garcin  observed  mucilage-ceUs  in  Apocynum 
venetum,  L.  (pith,  bast,  and  primary  cortex),  Carissa  Arduinay  Lam.  (primary 
cortex  and  spongy  tissue),  C.  CarandaSy  L.  (subepidermal  cell-layer  of  the 
cortex),  C.  ovaUiy  R.  Br.  (primary  cortex,  pericycle  and  tissue  of  the  leaf),  and 
Ichnocarpus  frutescenSy  R.  Br.  (pericycle).  According  to  Spire  the  mucilage- 
cavities  are  lysigenous  in  origin,  although  surrounded  by  an  epithelium,  and 
are  occasionally  of  very  considerable  width.  They  are  found  at  the  margin  of 
the  pith  or  in  the  intraxylary  phloem  in  Bousigonia  angustifolia,  Pierre,  Chone* 


'  Spire's  lemainiog  statements  (loc.  cit.,  p.  156)  concerning  this  point  are  not  clearly  presented. 
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morpha  Grandieriana,  Pierre,  C.  megacalyx^  Pierre,  and  Micrechiks  JacqueUy 
Pierre,  and  in  the  pith,  outer  portion  of  the  bast,  and  wood,  as  well  as  in  the 
parenchjona  of  the  leaf  in  Rhynchodia  Capusii^  Pierre  and  PoUsia  canionensis. 
Hook,  et  Am. 

Greshoff  has  shown  that  the  demonstration  of  the  presence,  or  absence  of 
alkaloids  in  a  member  of  the  Apocynaceae  by  means  of  microchemical  tests 
may  also  be  of  importance  in  the  solution  of  systematic  problems  (see  Hallier, 
loc.  cit»). 

3.  Structure  of  the  Axis.  To  the  statements  on  the  structure' of  the 
wood  we  may  add  that  the  wood-prosenchyma  bears  bordered  pits  also  in 
Aspidosperma  (Hansen). 

As  regards  the  structure  of  the  cortex  we  may  first  note  that  the  cork 
develops  in  the  epidermis  also  in  species  of  AcokatUkerUf  Amsonia,  Melodinus^ 
and  Trachdospermutn^  in  the  subepidermal  layer  of  cells  in  species  of  Carissa^ 
EcdysatUhera^  Melodinus,  Micrechites^  Parabarium,  and  Xylinabaria^  and  in 
a  slightly  deeper  layer  of  cells  in  certain  species  of  Paraharium  and  Xylinabaria 
(Garcin,  Spire).  The  phelloderm  is  occasionally  sclerosed  {Alstonia  constricta^ 
F.  V.  M.)  or  its  cells  are  fUled  with  solitary  crystals  (Alstonia  scholariSj  R.  Br.). 
The  primary  cortex  frequently  includes  stone-cells  or  groups  of  these  elements  ; 
in  some  cases  there  is  even  a  ring  of  stone-cells  (e.g.  in  Micrechites  Jacqueti, 
Pierre,  according  to  Spire).  In  Forsteronia  corymbosa^  Mey.  an  annuiar  zone 
containing  clustered  crystals  is  found  in  the  cortex.  The  groups  of  pericyclic 
bast-fibres  are  frequently  arranged  in  one  or  more  annular  zones  ;  in  other  cases 
they  Ue  singly,  or  in  small  scattered  groups  in  a  broad  pericyde,  or  unite  to  form 
a  ring.  Side  by  side  with  the  bast-fibres,  the  walls  of  which  are  often  not 
Ugnified,  the  pericyde  contains  crystal-cells,  stone-cells  and  laticiferous  tubes. 
Spire's  statement  as  to  the  absence  of  pericycUc  fibrous  cells  in  Amalocalyx 
microlobus,  Pierre  is  probably  based  on  the  investigation  of  a  branch  of  shght 
thickness,  since  the  differentiation  of  bast-fibres  in  the  pericyde  of  the  Apocy- 
naceae often  takes  place  only  at  a  late  stage  ;  a  reinvestigation  is  required  to 
determine  whether  the  ring  of  stone-cells,  recorded  by  the  same  author  in  the 
pericyde  of  Bousigania  mekangensis,  Pierre,  really  bdongs  to  the  pericyde. 
Hard  bast  seems  to  occur  more  frequently  in  the  secondary  phloem  than  was 
formerly  supposed,  judging  by  the  statements  of  Garcin  with  reference  to 
Alstonia  scholaris  and  A .  constricta^  and  of  Spire  with  reference  to  Bousigonia 
mekongensis.  In  Aganonerium  polymorphum^  Pierre  the  secondary  bast  con- 
tains a  ring  of  stone-cells  (Spire).  The  bast-fibres  of  the  Quebracho-bark, 
which  either  occur  embedded  in  groups  of  stone-ceUs  or  lie  isolated,  are  quite 
spedally  distinguished  by  the  fact  that  each  fibre  is  completely  enveloped  by 
a  one-layered  sheath  of  crystal-cells,  each  of  which  contams  a  soUtary  crj^tal 
(Hansen,  Moller,  Garcin,  &c.) ;  according  to  Moller  the  only  other  known 
example  of  this  type  of  structure  is  found  in  '  Cortex  Chinae  albae  de  Payta.' 

The  mode  of  devdopment  of  the  anomalous  structure  of  the  axis  found  in 
Condylocarpon  sp.  (see  Fig.  123  on  p.  533)  has  been  investigated  by  Leisering  ; 
according  to  him  the  enclosure  of  the  phloem-group  is  not  due  to  the  activity 
of  a  new  cambial  arc  (as  in  Strychnos)^  but  to  prohferation  of  the  tissue  of  the 
wood.  With  reference  to  the  interxylary  phloem  of  Lyonsia  straminea,  the  same 
author  states*  that  the  cambium  at  first  merely  produces  groups  of  thin-walled 
parenchyma  on  its  inner  side,  and  that  the  transformation  of  these  groups  into 
leptome  takes  place  at  a  later  stage  ^. 


*  The  stetement  (in  Perrot,  Tiisa  cribM.  These,  Paris,  1899,  p.  186)  to  the  effect  that  interxvlary 
phloem  ocean  in  Apocynum  catmabinum  and  IViiioHghbeiaJirma  is  inconect,  cf.  Scott  and  Biebner, 
m  Ann.  of  Bot.,  1891 ,  p.  383  et  seq. ;  these  anthors  only  mention  the  secondary  txmnsfonnation  ol  the 
intraxylary  phloem-bundles  into  inversely  orientated  mednllary  vaacnlar  bimdley. 
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Fot  the  structure  of  the  spiny  branches  of  Carissa^  see  Garcin  and  Lothelier, 
II.  cc. 

Litemtnre :  Hansen.  Quebracho-Rinde,  Berlin,  1880,  24  pp.,  3  Tab. — Hohnel,  Gerberinden, 

Berlin,  1880,  p.  103  ct  seq Moller,  Wettind.  Bochsholx  i^Aspidasperma  Vargasu^  DC.)*  ua  Dingier, 

Polytechn.  Jonm.,  938,  1880,  pp.  59-62. — Co&tantin,  Tigct  %kt,  et  sout,  Ann.  sc  nat.,  s^r.  6,  t.  zvi, 


1883,  p.  141. — Gaicin,  Apocynac^,  Thte.  Lyon,  1889,  356  pp.,  a jpl. — Lamoanette,  Liber  intene, 

hera  ovatck^  Diss.,  Erlangen,  1895,  30  pa — 
Valeton,  Ockrosia,  Ann.  Jardin  Bnitoizorg,  xii,  1895,  pp.  336-^.~[Mirabella,  Colleteri,  ContrlW. 


Ann.  sc  nat.,B^r.  7,  t.  xi,  1890,  pp.  357,  358.— Lothelier,  £pines,  Thhwt,  Paris,  1893,  p.  18. — [To- 
gnini,  Stomi.  Atti  1st.  bot.  Pavia,  1894.]— Bormann,  Cerhera  ovatck^  Diss.,  Erlangen,  1895,  30  pa — 


1st.  bot  Palermo,  ii,  1897,  p.  15  et  seq. ;  abitr.  in  Jast,  1897,1,  p.  513.]— Pierre,  Landolphite,  BolL 
Soc*  Linn,  de  Paris,  18^,  n*  5»  P*  33  et  seq*  uxi  n-  ii»  p>  89  et  seq. — Gr61ot,  Caoatcfaoncs  et  Gutta- 
percha, Thte,  Paris,  1899,  p  159  et  seq.— Hallier,  Kantst^uklianen,  Jahrb.  Hamburg,  wiss.  Anst., 
xvii,  3.  Beiheft,  1899,  Hamburg,  1900,  316  pp.— Leisering,  Interxyl.  Xjeptom,  Diss.,  Berlin,  1899, 
pp.  37  and  37. — ^Baronetzky,  Faisc.  btcolL,  Ann.  sc.  nat.,  s<^r.  8,  t.  xii,  1900,  pp.  389-93. — Gamper, 
Angosturarinden,  Diss.,  Ziirich,  1900,  p.  65. — Payrau,  StrophanthuSy  Tb^,  Paris,  1900,  pp.  37  and 
47  et  seq.— Thomas,  Feuilles  souL,  Tlite,  Paris,  1900 — ^Molisch,  Milcfasaft  u.  S(&eimsaft,  190c, 
pp.  30,  37  and  71.— Petersen,  Vedanatomi,  1901,  p.  84.— Baxgafli*Petnicci.  Legnami,  Malpighia, 
1903,  p.  363  et  seq.  {Dyera^  Cerberd). — Penzig,  Piante  acarofile,  Malpighia,  1903,  p.  450  (jTabemae' 
m^it/aiMi).— Gerhard,  Blattanat.  v.  Gew.  d.  Knysnawaldes,  Diss.,  Basel,  1903,  pp.  36, 37  (Gamoma). 
— Qnanjer,  Anat.  Bouw,  etc,  Natuurknnd.  Verhandel.  Haarlem,  iii,  5,  1903  {Cer&era  OdoUmm), — 
Achner,  Falsche  Chinarinden,  Diss.,  Bern,  1904,  p.  64  et  seq. — Col,  Faisceaux,  Ann.  sc.  nat.,  s^.  8, 
t.  XX,  1904)  pp.  193, 193.— Areschoug,  Trop.  vaxt.  bladbyggn.,  Sv.  Vet  Akad.  Haodl.,  39,  n.  3, 1905, 
pp.  26,  37  {Alstonia),  pp.  39,  30  {ChUocarptts), — Haberlandt,  Lichtsinnesorgane,  1905,  p.  68  and 

Tab.  L — Kniep,  Milchsaft,  Flora,  1905,  pp.  166,167 ^Mayns,  Milchrohr.  in  den  Bl.,  Beih.  z.  bot 

CentralbL,  xviii,  Abt.  i,  1905,  pp.  379,  38a— Spire,  Apocynacto,  Th^,  Paris,  1905,  186  pp.  (also 
in  Perrot,  TrsTaux,  ii). — Piccioli,  Legnami,  Bull.  Siena,  1906,  p.  146. — [For  further  literature,  see 
p.  1169.] 


ASCLEPIADEAE  (pp.  534-537)- 

1.  Review  of  the  Anatomical  Features.  To  the  enumeration  of  special 
anatomical  features  (p.  534)  we  may  add  the  occurrence  of  intercellular  spaces 
containing  mucilage  {JMotrenia  odarata^  lindl.),  of  secretory  cells  in  the  meso- 
phyll  (Solenostemma  Arghel,  Heyne),  and  of  long  prismatic  crystals  of  oxalate 
of  lime  (Menabea).  Among  the  anomalies  in  the  structure  of  the  wood  we  may 
include  the  occurrence  of  islands  of  soft  bast  in  the  wood  of  the  root  of  Asdepias 
syriaca  and  Morrenia  hrachystcphana^  Griseb. 

2.  Structure  of  the  Leaf.  Stomata  having  4-5  neighbouring  cells  are 
found  in  Vincetoxicum  palustre,  Gray  (Keamy),  and  stomata  with  2-5  neigh- 
bouring cells  in  Solenostemma  Arghel  (Tschirch).  The  mesophyll  in  Morrenia 
brachystephana  contains  fat-bodies  (Kedler). 

The  prismatic  crystals  mentioned  above  appear  to  be  of  the  nature  of 
styloids,  and  are  found  in  the  bast  of  the  root  of  Menabea  venenata,  Baill., 
while  the  tissue  of  the  leaf  in  this  plant  contains  clustered  crystals.  The 
clustered  crystals  found  in  the  leaf  of  Solenostemma  Arghel  have  the  shape  of 
a  sphaerite.  The  non-articulated  latidferous  tubes,  which  side  by  side  with 
intraxylary  phloem  ^  have  recently  also  been  demonstrated  in  ConchophyUum, 
Menabea,  and  Morrenia,  penetrate  into  the  mesophyll  also  in  Peripioca  graeca 
and  Hoya  camosa  (Kniep,  Lehmann).  Intercellular  spaces  containing  mucila^ 
were  observed  by  Keller  in  the  primary  cortex  of  the  terrestrial  roots  of  Morrema 
odorata  ;  they  are  situated  on  the  outer  side  of  the  endodermis  and  attain  a  con- 
siderable size.  The  secretory  cells  found  in  the  mesophyll  in  Solenostemma 
Arghel  are  either  rounded  or  dongated ;  they  have  suberized  walls  and  contain 
a  yellow  secretion. 

3.  Structure  of  the  Axis.  The  wood  contains  vessels  with  simple 
perforations  and  wood-prosenchjona  bearing  bordered  pits  in  Gymnema  also. 

*  The  petiole  of  Solencstfimma  Arghel  likevriae  contains  laticiferous  tubes  and  an  arc-shaped  vas- 
cular bundle  showing  bicollateral  structure. 
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The  cork  arises  in  a  subepidermal  position  in  Gymnema.  Chambered  crystal- 
fibres  containing  clustered  crystals  are  found  in  the  secondary  bast  in  Gymnema^ 
and  similar  elements  with  sohtary  crystals  in  the  secondary  bast  in  Periploca 
graeca. 

No  details  are  known  as  to  the  mode  of  development  of  the  interxylary 
phloem  in  the  wood  of  the  root  of  Marrenia  brachysUphana  (see  Hantzschel, 
loc.  cit.).  The  differentiation  of  the  islands  of  soft  bast,  observed  by  Kny  in  the 
wood  of  the  root  of  AscUpias  syriaca^  only  takes  place  at  a  late  stage. 

Litentiire :  Coetantln,  Tiges  m^r.  et  sont,  Ann.  sc.  nat«,  sdr.  6,  t  xvi,  1883,  p.  140. — ^Kny, 
Bot  Wandtafeln,  vi.  Abt,  Text,  1884,  pp.  337,  338.— Leitgeh,  Spharite,  Mitteil.  bot.  Inst.  Graz, 
Heft  a,  1888,  p.  3x4  et  teq.— Keller, Luftwoneln  einiger  Dikotylen,  Diss.,  Heidelbeig,  1889,  pp.  8-1  a. 
— ^Lamonnette,  Liber,  inieme,  Ann.  sc.  nat,  s^r.  7,  t.  xi,  1890,  pp.  355-7. — Wijnaendts  Franckea, 
Sdereidcn,  Diss.,  Utrecht,  1890,  pp.  57,  58. — Latoar,  S4^n^,  These,  Montoellier,  1894,  p.  95  et  seq. 
(Aighd) ;  see  also  Tschirch  and  Oesterle,  Anat.  Atlas,!,  1895,  p.  36  and  Tab.  7.— [T(>gnini,  Stomi, 
Atti  1st.  bot.  Pavia,  1894.] — Busch,  Gymnema  sylvestre^  etc.,  Diss.,  ErUmgen,  1895,  pp.  14  and  31 
et  seq. — Kaxsten,  Eplphytenformen,  Ann.  Jardin  Buitenzorg,  xii,  1895,1).  I54etseq. — HantsKhel, 
Morrema  brochysttphana^  Diss.,  Erlangen,  1895,  PP*  '^  ^^  35  ^  *^* — ^Lehroann,  Periploca  graeca^ 
Archiv  d.  Pharm.,  235, 1897,  p.  '59  et  seq.— [Mirabella,  CoUeteri,  Contribux.  1st.  bot.  Palermo,  ii, 
1897,  p>  iset  seq.;  abstr.  in  Just,  1897,  i,  p.  513.] — Schubert,  Parenchymscbeiden,  Bot  Centralbl., 
1897,  iY,  p.  aa — [Taasi,  Hoya  camosa.  Ball.  Lab.  Orto  bot  Siena,  1898,  pp.  151-7,  a  Ub.;  abstr. 
in  Jost,  C899,  ii,  p.  345.]— Grdot,  Caoutchoucs  et  Gntta  Percha,  Thte,  Paris,  1899,  p.  163  et  seq 
— ^L^isering,  InterxylSies  Leptom,  Diss.,  Berlin,  1899,  p.  38. — Kearny,  in  Contrib.  U.  S.  Nat.  Herb., 
V,  n.  5, 1900,  p.  303  {Vinceioxicum), — Perrot,  Memieaj Comptei  rendns, Paris, cxxxiy,  1903,  p.  305  ; 
see  ako  Joom.  de  bot,  1903,  pp.  114,  115. — Col,  False.  bicolL,  Ann.  sc.  nat.,  s^.  8,  t  xx,  1904, 
~    "■  "       "ilfia,  Nuo      —        -       -         '  — 


pp.  193-4. — ^Paoli,  Eterofilfia,  Nuovo  Giom.  bot  Ital.,xi,  1904,  p.  319  {ffemuUsmus), 
Behaamngsverh.  der  Wurzb.  Mnschelkalkpfl.,  Diss.,  Wiirzbarg,  1004,  p.  44. — Kniep,  Mili 
Flora,  1905,  pp.  166, 167. — ^Mayus,  Milchrohr.  in  den  Bl.,  Beib.  z.  bot.  Centralbl.,  xviii,  Abt  i,  1905, 
pp.  380,  381.— Sarton,  Anat  d.  pi.  affinet,  Ann.  sc. nat, 8<(r.  9,  t ii,  1905,  pp. 99,  100 {VincetMicum), 
— [Hnnier  et  Perrot,  Ginseng,  Boll.  sc.  pharmacol.,  1906,  p.  665  {fyhphora),'] — Holtermann,  Ein- 
floBs  del  Klimas,  etc,  1907,  p.  136  {Hcya), 


LOGANIACEAE  (pp.  538-547). 

1.  Review  of  the  Anatomical  Features.  Oxalate  of  lime  is  deposited 
in  the  form  of  small  needles  in  Spigelia  also»  while  in  the  newly  established  genus 
CrcUeriphytum,  Schej^.  MS.  ed.  Koorders,  as  in  its  nearest  ally,  the  genus 
Coidhovia,  it  occurs  in  the  form  of  crystal-sand.  In  the  stem  of  Gdsemium 
sempervirens  and  '  Spigelia  dichotama '  the  intraxylary  phloem  becomes  trans- 
formed into  medullary  vascular  bundles,  showing  inverse  orientation.  Peculiar 
extrafloral  nectaries  taking  the  form  of  small  pits  and  provided  with  a  secretory 
palisade  layer  are  found  in  Fagraea, 

2.  Structure  OF  THE  Leaf.  A  mtidlage-layer  situated  beneath  the  upper 
epidermis  is  stated  by  Morelle  to  occur  also  in  Mostuea  *  gabanica,'  M.  Pervilleana, 
Mitrasacme  pHosa  and  M,  prolifera ;  he  likewise  mentions  the  occurrence  of 
cells  having  partially  gelatinized  walls  in  the  mesophyll  of  the  two  species  of 
Mitrasacme  just  named.  In  Mitrasacme  polymorpka  (M.  cinerascens)  Morelle 
observed  a  layer  of  mucilage,  though  not  so  strongly  developed,  also  above  the 
lower  epidermis. 

The  short  unicellular  hairs  found  in  certain  species  of  Mostuea  and  Mitra- 
sacme are  true  oapillose-hairs. 

The  extrafloral  nectaries, which  occur  in  Fagraea  crassifolia^Bh,  F.  eUiptica^ 
Roxb.,  F.  imperialism  Miq.,  F.  lanceolata,  F.  litoralis^  BL,  F.  monantha,  Miq., 
F.  obovaUij  Wall.,  and  F.  peregrina,  Bl.,  have  been  examined  especiaJly  by 
Zimmermann  (see  also  Poulsen  and  Areschoug) ;  they  are  found  on  both  surfaces 
of  the  leaf,  at  the  base  of  the  petiole  (here  two  or  more  in  number)  and  on  the 
stem  below  the  stipules.  They  constitute  lobed  pit-like  depressions  which 
vary  in  shape  and  open  to  the  exterior  by  means  of  a  small  aperture.    The 
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nectaries  situated  on  the  surface  of  the  leaf  show  a  short  canal  leading  into 
a  cavity^  which  is  -placed  parallel  to  the  surface  of  the  lamina,  and  from  which 
lateral  canals  arise ;  in  the  case  of  the  nectaries  occurring  on  the  petiole  and  stem 
the  vertical  canal  is  longer,  but  its  branches  are  less  numerous.  The  wall  of  these 
pits  is  formed  by  a  layer  of  secretory  palisade-cells  which  have  no  cuticle,  while 
the  layers  of  cells  adjoining  the  pansade-layer  are  rich  in  clustered  crystals  of 
oxalate  of  lime.  The  starting-point  in  the  development  of  the  nectary  is 
a  single  epidermal  cell,  which  increases  in  size,  and  becomes  elongated  in  a 
direction  at  right  angles  to  the  surface  of  the  organ.  The  cells  of  the  epidermis 
and  of  the  inner  tissues  bordering  on  this  initial  cell  likewise  undergo  elongation 
and  division,  and  thus  give  rise  to  the  epithelium.  The  main  cavity  of  the  gland 
is  formed  by  the  separation  of  the  epithelial  cells  from  the  epidermal  cell,  which 
initiates  the  formation  of  the  entire  glandular  mechanism,  and  may  stiU  occa- 
sionally be  found  in  the  cavity  of  the  mature  gland ;  the  lobes  are  formed 
solelyby  the  separation  of  the  epitheUal  cells  from  one  another. 

The  occurrence  of  oxalate  of  lime  in  the  form  of  small  needles  in  Spigelia 
(according  to  Morelle)  and  of  crystal-sand  in  CrcUerispermum  moluccanum^ 
scheff.  (Koorders)  has  already  been  referred  to  above. 

3.  Structure  OF  THE  Axis.  On  the  outer  side  of  the  intraxylary  soft  bast 
in  the  older  parts  of  the  stem  and  in  the  rhizomes  of  Gelsemium  stmpervirens 
a  cambium  is  formed,  which  not  only  produces  phloem  internally,  but  at  some 
points  also  gives  rise  to  wood  externally  (Boiling).  In  this  way  the  groups  of 
mtraxylary  soft  bast  become  transformed  into  inversely  orientated  vascular 
bundles.  Such  inversely  orientated  bundles  are  stated  by  Morelle  to  occur 
also  at  the  margin  of  the  pith  in  '  Spigdia  dichotoma* 

As  regards  the  structure  of  the  cortex  we  may  add  that  the  cork  in  Spigelia 
SMowiafULy  Cham,  et  Schlecht.  arises  in  the  subepidermal  lajrer,  and  that  in  cer- 
tain xerophilous  species  oi  Spigelia  which  have  reduced  leaves  (e.g.  5.  linarioides 
and  5.  pulchella)^  subepidermal  groups  of  sclerenchyma  (visible  to  the  naked 
eye  as  ribs)  and  palisade  tissue  are  developed  in  the  primary  cortex  (Morelle). 

Note.  According  to  Morelle  noteworthy  features  in  the  structure  of  the  root 
are  the  large  lacunae  in  the  primary  cortex  of  Miirasacme  montana  and  species  of 
Miireola^  and  the  pericyclic  development  of  the  cork  in  Miirasacme  cinerascens 
(«  M.  polymorpha). 

Literature:  Rothrock,  Internal  cambium-ring  in  Gelsemium^  Proceed.  Acad.  sc.  Philadelphia,  1885, 
pp.  32,  33. — Garcin,  Apocynac^,  Th^,  Lyon,  1889,  P*  ^^  (^®  P^^  described  in  this  paper  as 
Gelsemium  sempennrens  contains  Utidferons  tabes  and  is  therefore  incorrectly  determined). — Wij> 
naendts  Francken,  Sclereiden,  Diss.,  Utrecht,  1890,  pp.  55,  56. — Ilschert,  Strycknos  Tieute^  Diss., 
Erlangen,  1894,  34  pp.— Elfttrand.Stndier  Ofv.  Alkaloid,  lokal.,  et&,  Upsala  Univers.  Arsskr.,  1895, 
136  pp.,  3  Tab.— Went,  Haft-  n.  Nahrwurzeln,  Ann.  Jardin  Bnitenzorg,  xii,  1895,  p.  63  {Fagraea). — 
[Dohme,  in  Druggists*  Circ.  and  Chem.  Gaxette,  1897,  n.  7  {Gelsemium) ;  abstr.  in  Just,  1897,  ^^< 
p.  II.] — Mattencd,  Placche  sugherose,  Nuovo  Giom.  bot.  Ital.,  1897,  p.  335. — Poulsen,  Extraflor. 
\ektar.-Stud.,  Vidensk.  Meddelels.  Kj^benhavn,  1897,  pp.  360-4  and  Tab.  iii. — [Sayre,  Gelsemium^ 


Americ.  Joum.  of  Pharm.,  1897,  n.  i ;  abstr.  in  Just,  1897,  ii,  p.  46.] — [Serberlbg,  Gelsemium, 
Americ.  Joum.  of  Pharm.,  1898,  n.  8  ;  abstr.  in  Just,  1898,  ii,  p.  51.] — Thompson,  Internal  phloem 
in  Gelsemium,  Contrib.  bot  Labor.  Univ.  of  Pennsylvania,  ii,  1898,  pp.  41-53.— Leisering,  Inter- 
xylares  Leptom,  Diss.,  Berlin,  1899,  pp.  18-23. — Boiling,  Alkaloidhalt  Pfl.,  Diss.,  Erlangen,  1900, 
PP*  33~5  (Gelsemium),— GBmYi^T,  Angosturarinden,  Diss.,  Ziirich,  1900,  p.  51  et  seq.  {Strychmos). — 
Gerhard,  Blattanat.  v.  Gew.  d.  Knysnawaldes,  Diss.,  Basel,  1903,  pp.  37,  38  {Nuxia)* — Koorders, 
Crateriphytum,  Bull.  Instit.  bot.  de  Buitenzorg,  n.  xvi,  1903,  sep.  copy,  p.  3. — Poulsen,  Bladkiitl. 
hos  FisgrcLea  obovaia,  Vidensk.  Meddelels.  Kj^benhavn,  1902, pp.  343-4. — Zimmermann,  Extraflorale 
Nektar.  einiger  F^graea^Aitea,  Ann.  Jaidin  bot  Buitenzoxg,  xviii,  1903,  pp.  i-7. — ^Achner,  Falscbe 
Chinarinden,  Diss.,  Ben,  1904,  p.  76  et  seq. — ^Morelle,  HistoL  comp.  des  Gels^mi^es  et  Spig^life^ 
Th^,  Paris,  1904,  163  pp. ;  also  in  Perrot,  Travaux,  ii. — Areschoug,  Trop.  viixt  bladbjggn.,  St. 
Vet.  Akad.  Handl.,  39,  n.  2, 1905,  pp.  140-3  and  Tab.  xix*-xxi. — Holm,  in  Americ.  Joum.  ofPhaim., 
1906,  p.  553  et  seq.  and  1907,  p.  51  et  seq.  {Spigelia  marilandica), — Holtermann,  Einflus  d.  Klim«s> 
etc.,  1907,  p.  134  {Fagraea). 
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GENTIANEAE  (pp.  548-550). 

Oar  knowledge  of  the  anatomy  of  the  Gentianeae  has  recently  been  quite 
considerably  enlarged,  especially  by  Perrot's  investigations  S  which  deal  with 
the  structure  of  the  leaf,  stem,  and  root.  The  two  suborders  Gentianoideae 
and  Menyanthoideae  difEer  anatomically  not  only  in  the  presence  (Gentianoideae) 
or  absence  (Menyanthoideae)  of  intraxylary  phloem,  but  also  in  other  anatomical 
characters.  In  the  Gentianoideae  the  sieve-tubes  both  of  the  outer  and  intra- 
xylary soft  bast  (when  present,  of  the  interxylary  bast  as  well)  almost  invariably 
form  small  groups  of  cells  vdth  narrow  lumina,  these  groups  in  a  transverse  section 
beingapproximatelyo£thesamesizeasoneof  theneighbouringcellsof  the  phloem- 
parenchyma;  in  the  Menyanthoideae,  on  the  other  hand,  the  sieve- tubes  have 
wide  lumina,  and  are  irregularly  distributed  in  the  tissue  of  the  soft  bast.  In  the 
Gentianoideae  the  formation  of  the  pair  of  guard-cells  is  quite  generally  preceded 
by  two  or  three  divisions  in  the  dermatogen-cell,  while  in  the  Menyanthoideae 
the  mother-cell  of  the  guard-cells  originates  with  the  appearance  of  the  first 
division-wall  in  the  dermatogen-cell.  Hydathodes,  provided  with  an  epithema 
and  water-pores,  occur  only  in  the  Menyanthoideae,  and  are  wanting  in  the  Gen- 
tianoideae. The  root  in  the  Gentianoideae  has  a  diarch  vascular  system,  while 
in  the  Menyanthoideae  the  vascular  system  of  the  root  is  polyarch  (5-9-arch); 
secondary  division-walls,  which  are  radial  or  more  rarely  tangential,  occur  in 
the  cells  of  the  endodermis  only  in  the  Gentianoideae.  To  the  earlier  statements 
on  the  structure  of  the  wood  (see  the  general  diagnosis  of  the  Order)  there  is 
nothing  to  add.  The  sentence  *  a  special  type  of  stoma  does  not  occur '  must  be 
modified  in  the  sense  that  distinct  subsidiary  cells  are  rarely  found.  In  opposi- 
tion to  the  earlier  statements  it  has  been  shown  that  oxalate  of  lime  is  not 
absent  in  this  Order.  In  most  of  the  genera  of  the  Gentianoideae  it  has 
been  observed  as  small  crystals,  taking  the  shape  of  prisms,  octohedra,  needles 
of  varying  thickness,  or  granules,  as  well  as  in  the  form  of  small  clustered  crystals. 
Large  numbers  of  the  acicular  crystals  occasionally  lie  irregularly  scattered  in 
cells  with  mucilaginous  contents,  while  large  quantities  of  the  granular  crystals 
in  some  cases  form  a  crystal-sand  similar  to  that  of  the  Solanaceae.  In  the 
Menyanthoideae  oxalate  of  lime  appears  to  be  absent.  Typical  internal  secre- 
tory elements  do  not  occur  in  the  Gentianeae,  but  resinous  substances  are 
found  in  the  tissues  of  the  root  in  species  of  Gentiana  and  Sweertia^  isolated 
tannin-cells  or  rows  of  these  elements  in  the  Menyanthoideae,  and  mucilage- 
cells,  as  well  as  gelatinized  epidermal  cells,  in  certain  species  of  Gentiana.  In 
certain  genera  of  the  Gentianoideae,  moreover,  the  epidermis  of  the  ovary 
contains  latex.  Recent  observations  have  also  demonstrated  the  rare  occur- 
rence of  clothing  hairs  (unicellular  or  uniseriate  hairs,  the  latter  composed  of 
a  small  number  of  cells) ;  there  are  no  typical  glandular  hairs,  apart  from 
club-shaped  bodies,  which  consist  of  a  large  number  of  cells  and  have  hitherto 
been  observed  only  in  the  axils  of  the  leaves  in  Obolaria  and  on  the  leaves  in 
Bartonia,  To  the  previous  list  of  special  features  we  may  add  :  the  occurrence 
of  islands  of  soft  bast  and  of  vascular  bundles  in  the  pith  (the  latter  in  species 
of  Gentiana) ;  the  occurrence  of  cortical  vascular  bundles  (in  certain  Meny- 
anthoideae) ;    the  anomalous  structure  of  the  axis  found  in  the  species  of 


^  These  investigations  extend  to  the  foUowing  genera  (in  the  serial  x>rder  of  Gilg*s  system) : 
Exacum^  Sebaea^  Belmoniia,  Enicostemma^  Faroa,  Microcala^  Curtia,  Neuroikeca^  Geniostenum^ 
Cieemiia,  Sakbaiiay  Lapithea,  Erythrcua^  Chlora^  Schinziella^  Camcoray  Bartonia,  Obolaria,  CAironia, 
Orphium,  Crawfurdia,  Gentiana,  Ixanthus,  Pleurogyne,  Sweertia,  Haienia,  Hockinia,  LisiantJkus, 
Enstoma,  Zygostigma,  Zonanthus,  Rusbyanihus,  Prepusa,  Senaea,  Schuiiesia,  Coutoubea,  Pun^ean- 
thus,  Lt^enanihtiSf  Deianira,  Lehtnanniella,  Voyriella,  Leiphaimo5\  NephrophyUidium,  Afef^atUhes, 
Villarsiay  Limnanthemum,  Liparophyllum, 
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Lmnan<fem«wbelongingtothesectioniVyw/>Aaea«^and  recalling  the  structure 
of  a  Monocotyledonous  stem  ;  the  peculiar  discoid  groups  of  small  cells  occurriug 
on  the  lower  side  of  the  leaf  in  species  of  Limnanihemum  and  ViUarsia  ;  and 
the  development  of  interxylary  phloem  in  the  axis  in  Chironia^  Crawfurdia, 
Ixanthus  and  Orphium,  and  in  the  root  in  many  members  of  the  Order. 

The  following  details  may  be  added  regardmg  the  structure  of  the  leaf 
in  the  two  suborders.  In  the  Gentianoideae  the  upper  epidermal  cells  are 
provided  with  straight  or  slightly  undulated  laterad  walk,  while  the  lower 
epidermal  cells  have  strongly  curved  walls.  Papillae  are  developed  in  some 
cases,  especially  at  the  margm  of  the  leaf ;  the  cuticle  is  occasionally  striated. 
The  development  of  the  stomata  was  described  above  ;  they  are  for  the  most 
part  confined  to  the  lower  side  of  the  leaf»  although  in  some  cases  present  on 
both  sides,  and  are  surrounded  by  3-4  neighbouring  cells.  The  mesophyU  is 
lacunar  and  either  bifacial  or  homogeneous  in  structure.  The  epidermal  cells 
of  the  Menyanthoideae  have  rather  straight  lateral  walls.  The  stomata,  the 
mode  of  development  of  which  has  likevdse  been  considered  above,  occur  on 
both  sides  of  the  leaf,  but  are  devdoped  only  on  the  upper  side  in  the  floating 
leaves ;  the  guard-cells  are  surrounded  by  4-6  neighbouring  cells.  The 
structure  of  the  leaf  in  this  suborder  is  markedly  bifacial,  and  the  spongy  tissue 
is  very  lacunar.  In  none  of  the  Gentianeae  are  the  stomata  ever  strongly 
depressed  or  elevated.  Large  guard-cells  are  found,  for  example,  in  GetUiana 
fyrenaica^  L.,  small  ones  in  Crawfurdia  japonica^  S.  et  Z.  Stomata  have  also 
oeen  observed  in  the  typical  saprophytes  (in  Cotylanthera  by  Figdor,  in  Obolaria 
by  Holm  and  prior  to  that  by  Chatin,  in  Leiphaimos  and  Voyria  by  SvedeUus 
and  Porsch).  The  veins  of  the  leaf  rarely  contain  fibrous  cells  {Detanira^ 
Sena&a  coerulea^  Taub.),  the  latter  being  found  in  species  in  which  mechanical 
elements  are  also  developed  in  the  pericycle  of  the  axis.  In  the  Menyanthoideae 
enlarged  terminal  tracheids  occur  at  the  ends  of  the  veins. 

The  occurrence  and  mode  of  deposition  of  oxalate  of  lime  have  already 
been  referred  to  above  ^.  The  quantity  of  the  salt  excreted  varies  very  con- 
siderably. It  is  met  with  in  the  ground  tissue  and  occasionally  in  the  bast 
and  epidermis  as  well.  Mucilage-cells  containing  acicular  crystals  have  been 
observed,  for  example,  in  GetUiana  cruciaia,  L.,  G.  lidea^  L.  and  G.  Sapanaria,  L., 
while  crystal-sand  has  been  found  in  species  of  Gentiana^  belonging  to  the 
section  ChondrophyUa,  and,  as  it  seems,  also  in  Sabbatia ;  small  dustered 
crystals  occur  in  spedes  of  GetUiana^  LehmanniMa  and  Purdieanthus.  There 
can  be  Uttle  doubt  that  the  crystalline  deposits  do  not  possess  that  degree  of 
systematic  importance  which  Kusnezow  attributes  to  the  occurrence  of  oxalate 
of  lime  in  the  mesophyll  in  the  genus  Gentiana ;  according  to  him  oxalate  of 
lime  is  present  in  aU  the  sections  of  the  subgenus  Eugentiana  with  the  exception 
of  the  section  Cyclostigma^  while  emphasis  is  laid  on  its  absence  in  the  section 
just  named  and  in  the  subgenus  GcntianeUa. 

Perrot's  statements  as  to  the  exact  nature  of  the  mucilage-cells  are  not 
always  quite  clearly  presented ;  according  to  him,  moreover,  the  demonstration 
of  these  dements  in  herbarium-material  was  attended  with  difficulty.  Mucilage 
is  found  mainly  in  the  leaf  and  in  the  root.  As  regards  the  former,  Perrot,  in 
the  first  place,  records  sUghtly  gdatinized  cells  in  the  mesophyll  in  Bdmontia 
cardata,  E,  Mey.,  and  leaves  containing  mucilage  in  Canscora,  Gentiana  Parryi^ 
Engelm.  and  G.  iriflora,  Pallas  (sect.  Pneumonanthe),  and  species  of  Gentiana 


^  Perrot  and  other  aathorities  have  demonstrated  oxalate  of  lime  in  species  of  the  following 
genera:  Exacum,  Sebaea,  BelmotUia^  Enicostemmay  Faroa,  Microcala^  Neuroiheca,  Sabbatia, 
Erythraeay  Cklcra,  SchinzUlla^  Crawfurdia^  Gentiana^  Ixanthus^  Swurtia^  HalenuL,  Rusbyantkus^ 
Schultesia,  Purdieanihus,  Lagenanthus^  Deianira,  Lehmanniella.  Perrot  distinctly  mentions  the 
absence  of  oxalate  of  lime  in  Coutoubea^  Prepusa^  Senaea  and  in  the  Menyanthoideae. 
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belonging  to  the  section  SUnogyne.  Epidermal  cells  of  the  leaf  having  muci* 
laginous  inner  walls  occur  in  Gentiand  havaricay  L.»  G.  excisa^  Presl  and  G. 
vema,  L.,  while  in  G.  pyrenaica,  L.,  a  complete  layer  of  mucilage,  formed  by 
the  gelatinization  of  the  inner  walls  of  the  epidermal  cells  and  the  walls  of  the 
adjoining  mesophyll-cells»  is  found  beneath  the  upper  epidermis.  A  similar 
layer  of  mucilage  is  present  also  beneath  the  epidermis  of  the  stem  in  GenHana 
saxosa,  Forst.  In  the  sp>ecies  of  Gentiana  bdonging  to  the  section  Chondro^ 
phyUay  which  are  endemic  in  the  region  of  the  Himalayas  and  on  the  high 
mountains  of  Western  China,  the  tissue  of  the  leaf  is  gelatinized  to  quite  an 
exceptional  extent.  The  process  of  gelatinization  in  thjs  case  only  afiects  the 
middle  portion  of  the  lamina  and  does  not  extend  to  the  margin  of  the  leaf, 
which  has  a  homy  appearance  characteristic  of  these  species ;  the  extent  ot 
gelatinization  is  such,  that  transverse  sections  mounted  in  water  as  a  rule 
show  nothing  but  mucilage,  the  cuticle  of  the  upper  and  lower  epidermis,  and 
the  vessels.  The  thick  roots  of  the  species  of  SweerUa  belonging  to  the  section 
Ophelia  also  contain  a  little  mucilage,  while  the  cork-like  tissue  found  on  the 
surface  of  the  roots  in  NephrophyUidium  crista-gaUiy  Gilg,  includes  a  mucila- 
ginous substance. 

The  cartUaginoiis  margins  above  mentioned  as  characteristic  of  the  leaves 
in  the  species  of  GenHana^  sect.  Chondrophylla,  vary  in  breadth,  and  either 
contain  a  tissue  with  cartilaginous  walls  (d.  quadrifaria,  Bl.)  or  consist  merely 
of  the  thick-walled  upper  and  lower  epidermis  (G.  albescens,  Franch.).  Thick 
ceU-walls  having  the  same  cartilaginous  texture  are  met  with  also  in  the  cortical 
tissue  of  the  stem  (primary  cortex  and  bast)  in  G.  papulosa^  Franch.,  and  other 
spedes  belonging  to  the  same  group. 

Perrot  mentions  the  occurrence  of  (a)  resinous  substances  in  the  cortical 
tissue  of  the  root  in  GenHana  hUea,  L.  and  G.  purpurea^  L.,  as  well  as  in  Sweeriia 
ChiratOy  Ham.,  S.  Hookeriy  Clarke,  S.  Kingii,  Hook,  and  5.  muUicatdiSy  Don  ; 
(b)  tannin-ceUs  in  the  rhizome  of  NephrophyUidium  and  ViUarsia ;  and  (c)  latex 
in  the  epidermal  cells  (which  are  here  elongated  at  right  angles  to  the  surface) 
of  the  ovary  of  Canscora,  Chirania,  Chlora,  Eryihraeay  Lisianihus,  SchuUesia 
and  Sweeriia^  and  to  these  we  may,  on  BaiUon's  authority,  add  SabbaUa  \ 

The  branched  spicular  cells,  which  are  differentiated  as  internal  hairs 
(p.  548),  do  not  occur  in  the  root.  The  tissue  of  the  latter  contains  only  un^ 
branched  sclerotic  cells,  and  these  are  not  abundant.  Perrot  observed  rather 
long  uni-  or  bicdlular  trichomes  also  in  a  few  species  of  Sweertiay  whose  names 
are  not  mentioned.  The  unicellular  hairs  in  this  case  are  either  elongated 
trichomes  with  a  bulbous  swelling  at  their  base,  or  are  connected  with  papillae 
by  means  of  transitional  forms.  Papillae,  varjnng  in  shape  from  conical  to 
ehmgated-cylindrical  and  commonly  striated,  are  present  on  the  epidermis 
of  the  stem  or  leaf  (here  espedall]^  on  the  margin),  or  on  both  in  many  Gen- 
tianoideae,  e.g.  in  species  of  Cttrtia,  Exacum,  Gentiana  (species  belonging  to 
various  sections,  such  as  Pneumonanihey  Sienogyne,  Frigiday  Isomeria,  Chon^ 
draphyllay  Andicola  and  AmareUa\  Halenia^  nockinia,  Ixanihus,  Orphium^ 
Purdteanihus,  and  Sweeriia.  Another  noteworthy  feature  lies  in  the  occurrence 
of  glandular  shaggy  hairs  in  the  axils  of  the  sepals  (bracts  according  to  BaiUon's 
interpretation)  and  foliage-leaves  in  Obclaria  virginica,  L.  (BaiUon,  Knoblauch), 
and  on  the  leaves  in  Bartonia  verna,  Mtihl.  and  B.  lanceohUa,  Small  (Holm). 
Their  structure  is  similar  to  that  of  the  glands  which  are  situated  in  the  depres- 
sions between  the  corolla-lobes,  and  are  figured  by  Holm.    In  shape  they  recall 


^  We  may  notice  here  that  aocoidlng  to  Figdor  the  staich-giains  in  the  stem  and  root  of 
Ceiylanthera  become  coloued  red  by  Iodine  soliition»  and  oonsecinently  consist  of  amylodeztrifi. 
Suvch-gndns  showfaig  the  same  reactioQ  hikd  prerionsly  been  observed  by  Russow  and  A,  Meyer  m 
Centiana  httea  and  Swtertia  pertnnis^ 
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the  well-known  glandular  shaggy  hairs  found  in  the  Rubiaceae,  &c.,  but  differ 
from  them  in  the  absence  of  a  vascular  bundle  and  in  the  fact  that  the  epidermis 
of  the  body  of  the  gland,  which  is  composed  of  numerous  cells,  is  not  developed 
as  a  layer  of  palisade-cdls.  Glandular  bodies  of  this  type  are  probably  more 
widely  distributed  in  the  Order.  Hydathodes,  as  already  stated  above^ 
while  completely  absent  in  the  Gentianoideae,  are  characteristic  of  the  Meny- 
anthoideae.  They  consist  of  the  termination  of  a  vein,  associated  with  an 
epithema  including  a  varying  number  of  spirally  thickened  cells,  and  of  a 
small  group  of  water-pores ;  they  are  found  either  on  the  leaf-teeth  or  cm 
the  margin  of  edentate  leaves,  and  occur  either  on  the  upper  or  lower  surface. 
The  peoiliar  groups  of  ceUs  previously  mentioned  as  present  in  the  lower 
epidermis  of  the  leaf  occur  in  Limnanthemum  lacunosum,  Griseb.,  L.  Hum- 
bohUtanum^  Griseb.  and  L.  nymphaeaides^  Link,  as  well  as  in  ViUarsia  parnassi- 
folia,  R.  Br. ;  they  constitute  disc-shaped  areas,  composed  of  cells  which 
differ  from  the  ormnary  epidermal  cells  (which  contain  a  violet  cell-sap)  in 
having  a  smaller  polygonal  outline  in  surface- view  and  tanniniferous  contents. 
They  are  the  cause  of  the  shagreen-like  appearance  of  the  lower  surface  of  the 
leaf,  which  is  noticeable  even  to  the  naked  eye. 

In  ampUfication  of  the  earlier  statements  on  the  structure  of  the  petiole 
we  may  firstly  mention,  that  in  the  Gentianoideae  it  contains  an  arc  of  wood 
and  bast  showing  bicollateral  structure,  two  small  lateral  bundles  being  occa- 
sionally cut  off  from  the  ends  of  this  arc.  Among  the  Menyanthoideae  the 
vascular  sjrstem  of  the  petiole  consists  of  a  more  or  less  open  arc  of  isolated 
vascular  l>undles  supported  by  fibrous  cells  in  Menyanthes  and  Nephrophyl- 
lidium,  while  in  the  species  of  Limnanthemum  belonging  to  the  section  iVyfw- 
phaeanihe  the  bundles  show  a  scattered  arrangement  like  that  in  the  stem  of 
a  Monocotyledon,  and  in  ViUarsia  lasiospermayY .  v.  M.  the  bundles  are  isolated 
and  arranged  in  two  concentric  arcs  with  their  xylem-groups  directed  upwards. 

With  reference  to  the  distribution  of  bicollateral  vascular  bundles  in  the 
Gentianoideae  we  may  note  that  Figdor  and  Perrot  have  recently  demon- 
strated the  occurrence  of  intraxylary  phloem  also  in  those  genera,  which  were 
not  investigated  by  Gilg  (viz.  Cotylanthera,  Voyriella  and  Lagenantitus) ;  more- 
over the  previous  mention  of  '  Voyria '  as  an  exception  (see  footnote  i  on  p.  548) 
may  be  cancelled,  since  according  to  Gilg  the  species  of  Voyria  having  con- 
centric vascular  bundles  in  their  axes  (referred  to  on  p.  550)  belong  to  the 
genus  Leiphaimos,  But  even  these  species  of  Leiphaimos,  in  which  the  vas- 
cular bundles  are  concentric  with  central  xylem,  as  well  as  Leiphaimos  para- 
sitica, Cham,  et  Schlecht.,  in  which  the  bundles  have  strands  of  phloem  only 
on  their  inner  side,  do  not  constitute  real  exceptions  to  the  rule  ;  for  we  must 
bear  in  mind  that  the  concentric  vascular  bundles  can  easily  be  derived  from 
bicollateral  ones,  such  a  derivation  being  justified  from  the  biological  point  of 
view,  while  the  case  of  Leiphaimos  parasitica  finds  a  certain  amount  of  analogy 
in  the  reduction  of  the  outer  soft  bast,  occurring  also  in  other  Gentianoidc^ 
with  a  bicollateral  vascular  system,  although  the  reducti<m  in  these  cases  is 
not  so  far-going.  Groups  of  soft  bast  situated  at  a  greater  depth  in  the  body 
of  the  pith  are  found  in  Cotylanthera  tenuis,  Bl.,  Erythraea  Centaurium,  Pers., 
Gentiana  cruciata,  L.  and  other  species  of  the  section  Aptera,  G;  exUsa,  Vre&\, 
Obolaria  virginica,  L.  and  in  species  of  Barionia.  In  certain  species  of  Gentiana^ 
moreover,  some  of  the  phloem-strands  situated  at  the  margin  or  in  the  interior 
of  the  pith  also  include  vessels,  and  thus  become  changed  into  medullary 
vascular  bundles,  as  is  so  frequently  the  case  in  the  Melastomaceae ;  this 
feature  has  been  observed  in  Gentiana  Andrewsii,  Griseb.,  G.  bavarica,  L., 
G,  Burseri,  Lapeyr.,  G.  Ddavayi,  Franch.,  G.  germanica,  Willd.,  G.  lutea,  ]L., 
G.  Pneumonanthe,  L.,  G.  punctata,  L.,  G.  purpurea,  L.,  G.  stylophora,  Garke. 
Fibrous  cells   are  rarely  (Deianira  nervosa,  Cham,  et  Schlecht.,  Lisianthus 
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niffrescenSf  Cham,  et  Schlecht.)  found  accompanying  the  inner  soft  liast ;  im 
some  cases  the  ^oaps  of  intraxylary  soft  bast  appear  to  be  embedded  in  the 
ring  of  wood  owmg  to  sclerosis  of  the  neighbourmc;  cells  (Exacum  tdragonum, 
Rozb.,  Erytkraea  Centaurium^  Pers.),  or  the  internal  phloem  may  be  supported 
by  a  rin^  of  sclerosed  medullary  cells,  which  extends  up  to  the  central  lacuna 
ol  the  pith  {Eustoma). 

We  may  next  turn  our  attention  to  the  structure  of  the  wood.  Most  of 
the  Gentianeae  (i.  e.  apart  from  a  few  semi-saprophytic  or  holo-saprophytic 
Gentianoideae  and  the  Menyanthoideae)  have  a  contmuous  ring  of  wood,  the 
inner  part  of  which  is  generally  (with  the  exception  of  those  species,  in  which 
the  cambium  produces  a  considerable  increment  of  secondary  wood)  rich  in 
vessels,  while  the  outer  part  consists  of  mechanical  fibrous  tissue.  Perrot 
records  uniseriate  medullary  rays  also  in  species  of  Rusbyatithusy  Senaea  and 
Zimanthus^  and  Figdor  mentions  the  occurrence  of  reticulate  perforations  in 
the  vessels  in  Cotylanikera  UnuiSt  Bl.  For  the  structure  of  the  wood  in  the 
saprophytic  species  and  in  the  Menyanthoideae,  see  under  the  discussion  of  the 
vascular  system  in  the  stem  of  these  forms. 

In  those  members  of  the  Order  which  are  provided  vdth  a  rin^  of  wood 
the  outer  bast  is  reduced  (especially  in  the  parts  of  the  axis  belongmg  to  the 
floral  region)  to  a  few  layers  of  parenchymatous  cells,  surrounding  the  small 
groups  of  sieve-tubes.  The  latter  occasionally  constitute  the  entire  outer  bast^ 
and  m  this  case  appear  to  be  embedded  in  niches  in  the  xylem-rin^,  which 
extends  right  up  to  the  endodermis  (species  of  Chironia,  Chlora^  GetiMskmoHi 
GentianOj  Neurotheca^  SchuUesia^  Sweertia).  Among  the  Gentianoideae  such 
small  groups  of  sieve-tubes  with  narrow  lumina  are  absent  only  in  Rusbyanihus, 
which  has  isolated  sieve-tubes  (Perrot). 

The  primary  cortex  in  the  Gentianoideae  is  more  or  less  lacunar,  and 
occasionally  contains  mucilage  ;  in  other  cases  it  is  compressed,  and  consists 
of  a  tissue  resembling  horn-bast.  In  the  Menyanthoideae  large  air-canals 
interrupted  by  transverse  diaphragms,  are  present  both  in  the  stem  and  rbizomew 
The  stems  of  the  Gentianoideae  are  very  commonly  provided  with  four  ribs  or 
wings,  which  are  either  formed  solely  by  two  epidermal  layers  {Sebaea  ovata^  R. 
Br.)  or  contain  coUenchymatous  tissue  (5.  albens^  R.Br.,  5.  ai#rA!i,R.Br.).  There 
is  often  a  distinct  endodermis,  provided  with  Qtspary's  dots  ;  the  endodermal 
cells  TzrelyiCfawfurdiaf  GenHana  pyrenaica^  L.)show  secondary  radial  walls,  and 
when  present  they  occur  only  in  small  numbers  (i  or  2).  The  pericycle  generally 
consists  of  thin-walled  tissue,  and  often  comprises  only  a  single  layer  of  cells. 
According  to  Perrot  a  small  number  of  fibrous  or  sclerenchymatous  cells  are 
found  in  the  pericyde  in  species  of  Chironia^  Deianiraj  Lagenanthus^  Lehmanni' 
eUa^  Lisianihusj  Prepusa^  PurdieafUhus^  Rusbyanthus^  Senaea  and  ZonatUhus^ 
while  in  some  of  the  saprophytic  Gentianoideae  and  certain  Menyanthoideae 
(see  below)  the  presence  of  strongly  developed  bundles  of  fibres  or  of  a  scleren- 
chymatous ring  in  the  pericycle  compensates  for  the  absence  of  mechanical 
tissue  in  the  wood. 

Interxylary  phloem  is  developed  in  the  axis  in  numerous  species  of 
Chironia,  in  Crawfurdia  volubilis^  Gilg  and  C.  japoniea^  S.  et  Z.  (here  according 
to  Perrot),  Ixatiihus  viscosus^  Griseb.  and  Orphium  frutescens^  E.  Mey.  Islands 
of  soft  bast  are  much  more  widely  distributed  in  the  wood  of  the  root.  Accord* 
ing  to  Perrot's  investigations  they  are  found  in  species  of  Canscara^  Chironia^ 
Chhra  (C.  perfoliaia^  L.  and  C.  seroUna,  Koch),  Cicendia  (C.  pusiUa^  Griseb.), 
Crawfurdia,  Erytkraea  (species  of  the  sections  Euerytkraea,  irichostylus  and 
Spicaria),  Eusiotna,  Exacum^  Geniiana  (species  of  the  sections  Codanthe  and 
Pneumonanthe^  Gentiana  crinita,  Fr51.,  belonging  to  the  section  Crossopetalum)^ 
Haleniay  SabbaHa^  Sweertia  (species  of  the  sections  Ophelia  and  Eusweertia^ 
which  have  small  tuberous  roots).    The  recent  observations  have  shown  that 

3S2 


996  ADDENDA— CENTIANEAE 

the  islands  of  interxjiaiy  soft  bast  no  donbt  in  aO  cases  arise  from  groups  of 
nnlignififtd  tissue,  which  are  produced  internally  bjr  the  cambium  znA  in  which 
sieve-tubes  are  secondarily  difiEerentiated.  Tne  islands  of  soft  bast  found 
in  the  wood  of  the  axis  are  invariably  of  small  si2e  and  are  more  abundant  in 
the  lower  part  of  the  stem  as  a  result  of  its  growth  in  thickness  than  in  the 
upper  part.  In  those  roots  in  which  the  wood  contains  lignified  im>rhj^nir^| 
tissue  m  addition  to  the  vessels,  the  islands  of  interxylanr  soft  bast  for  the 
most  part  form  slightly  larger  groups,  consisting  of  thin-wafled  cells  and  sieve* 
tubes,  near  the  centre  of  the  root  (e.g.  in  the  species  of  CAforo,  Cicendia, 
Erythraea,  Eustoma,  Exacum,  Halenia^  SMatia) ;  more  rarely  the  phloem-islands 
are  distributed  throughout  the  entire  mass  of  the  wood,  being  in  this  case 
arranged  in  more  or  less  irregular  rings  (Chirania).  In  those  roots  in  which  the 
body  of  the  wood  is  unligmfied  (e.  g.  in  Gentiana  lutea^  &c.)  numerous  small 
islands  of  soft  bast  are  found  irregularly  distributed  throughout  its  entire  mass. 
It  may  still  be  noted  that  in  the  roots  of  certain  Gentianoideae  {Deianira^ 
GenHana  campesMs,  L.)  in  which  the  xylem-mass  is  strou^y  lignified,  pproups 
of  unlignified  tissue,  which  do  not  however  include  any  sieve-tub^,  occasionally 
occur  near  the  centre  of  the  wood ;  these  must  not  oe  confounded  witii  inter- 
xylanr phloem. 

ioL  the  herbaceous  Gentianoideae  the  filth  as  a  rule  becomes  fistular  when 
the  period  of  flowering  is  over.  Under  these  circumstances  the  medullary 
strands  of  mestome  (see  above)  likewise  disappear.  In  Sabbatia  a  complete 
border  of  corky  tissue  develops  at  the  periphery  of  the  central  air-(^nal. 
Isolated  sderenchymatous  cells  are  of  rare  occurrence  (GenHana  Pneumonatiihe, 
L.)  in  the  pith,  but  the  periphery  of  the  pith  is  occasionally  sclerosed.  In 
Lehmannicua  acuminata^  Gilg  and  Senaea  coendea,  Taub.  the  entire  pith  is 
sclerosed.  The  pith  of  the  Menyanthoideae  is  traversed  by  large  air-canals 
like  those  found  in  the  primary  cortex  in  this  group. 

The  following  details  may  be  mentioned  r^arding  the  fibrovascular  system 
of  the  axis  in  the  Men3ranthoideae ;  the  latter  shows  anomalous  structure  only 
in  the  species  of  LimnatUhemum  belonging  to  the  section  Nymphaeanihe.  As 
a  eeneral  rule  the  vascular  bundles  are  isolated.  In  NephrophyUidium  crista- 
^aUi,  Gilg  the  isolated  bundles  found  in  the  axis  of  the  inflorescence  are 
mserted  in  a  ring  of  pericyclic  sclerenchyma.  A  transverse  section  through 
the  rhizome  or  the  axis  of  the  inflorescence  in  Menyanthes  trifdiata,  L.  shows 
isolated  vascular  bundles,  which  are  supported  both  on  their  inner  and  outer 
sides  by  strongly  developed  strands  of  fibres.  The  isolated  bundles  in  the 
rhizome  and  axis  of  the  inflorescence  of  ViUarsia  have  arcs  of  bast-fibres  or 
a  ring  of  sclerenchyma  on  their  outer  side.  In  Limnantkemum  nympkaeoides^ 
Link,  the  only  species  of  the  section  Waldschmidiia^  the  rhizome  contains  an 
almost  complete  ring  of  wood  and  bast  without  sclerenchyma,  while  the  peduncle 
and  the  axis  of  the  shoot  exhibit  a  ring  of  isolated  vasctdar  bundles  surrounded 
by  a  starch-sheath.  On  the  other  hand,  in  the  species  of  Limnantkemum 
belonging  to  the  section  Nymphaeanthe  the  isolated  vascular  bundles,  as  already 
stated  in  the  earlier  part  of  this  work  (p.  550),  show  an  irregular  scattered 
arrangement  in  a  transverse  section  through  the  axis,  resembling  that  of  a 
Monocotyledon,  although  the  bundles  are  open.  The  centre  of  tiie  stem  in 
these  species  is  almost  invariably  occupied  by  a  large  '  double  vascular  bundle,' 
formed  by  two  bundles  with  their  xylem-groups  directed  towards  one  another; 
this  large  bundle  may  be  said  to  constitute  the  stele,  the  remaining  bundles 
being  regarded  as  cortical.  The  mode  of  arrangement  of  the  vascular  bundles 
in  the  axis  of  the  species  of  Limnanihemum  belonging  to  the  section  Nym- 
phaeatUhe  is  doubtless  an  advanced  adaptation  to  life  in  water.  In  the  vascular 
bundles  of  the  Menyanthoideae  a  relatively  large  group  of  unlignified  paren- 
chyma is  generally  situated  on  the  inner  side  of  the  xylem ;  this  parenchyma 
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does  not  include  any  primary  vessels,  and  may  be  looked  upon  as  being  homo- 
logons  with  the  internal  soft  bast*  Schizogenous  intercdlnlar  cana]s  occa* 
sionally  (Menyanfkes  trifoliaia)  arise  in  this  tissue^  and  in  some  cases  this  is 
followed  by  lignification  of  the  walls  of  the  adjoining  cells. 

Cortical  vascular  bundles  (see  p.  550)  are  found  also  in  the  stem  of 
Limnanihemum  nymphaeoides  and  in  the  rhizome  of  Villarsia  exaUata^  F.  v.  M. 
In  the  latter  species  the  cortical  bundles  are  inversely  orientated  and  inserted 
in  the  ring  of  pericydic  sclerenchyma,  as  it  were  on  the  back  of  the  normal 
vascular  bundles* 

The  previous  account  (p.  550)  of  the  structure  of  the  stem  in  the  sapro- 
phytic GenUanoideae,  apart  from  the  statement  concerning  the  bicoUateral 
vascular  S3^tem  of  Voyria  rosea^  AubL  (on  Gilg's  authority),  dealt  exdusively 
with  the  genus  Leiphaimos,  since,  accordmg  to  Gilg,  the  species  investigated 
by  Johow  and  formerly  referred  to  Voyria  belong  to  Leiphaimos,  We  will 
now  once  more  smnmarize  the  features  presented  by  the  structure  of  the  axis 
in  the  saproi>hytic  genera,  taking  the  results  of  recent  work  into  consideration. 
Those  cases  in  which  there  is  no  strengthening  ring  in  the  stem  may  first  be 
considered.  The  vascular  system  then  consists  either  solely  of  four  concentric 
vascular  bundles  with  a  few  vessels  in  the  middle  and  a  few  peripheral  phloem- 
bundles  {Leiphaimos  azurea,  Gilg,  X.  flavescens,  Gilg  and  JL.  teneUa^  Miq.)^  or 
of  an  almost  annular  and  closed  ring  of  vascular  bundles  showing  bicoUateral 
structure  and  not  containing  any  mechanical  tissue  (Cotylanihera  tenuis^  Bl.)« 
In  other  cases  a  strengthening  rin^  is  present,  and  here  we  may  likewise  dis- 
tinguish two  modifications,  according  as  the  strengthening  ring  is  developed 
as  a  ring  of  pericydic  sderenchyma  or  as  the  xylem-ring  of  the  fibrovascular 
sytem.  A  pericydic  strengthening  ring  is  found  in  Leiphaimos  aphylia^  Gilg, 
jL.  parasitica^  Cham,  et  Schlecht.  and  L,  trinitensis,  Gilg ;  in  two  of  these  spedes 
(Ir.  aphyUa,  L.  trinOensis)  six  concentric  vascular  bundles  with  central  xylem  are 
apposed  to  the  inner  side  of  this  ring,  while  in  the  third  species  (L.  parasiiica) 
there  are  six  vascular  bundles,  in  which  phloem-groups  are  developed  only  on  the 
side  facing  the  pith,  while  the  xylem-groups  are  embedded  in  the  strengthening 
ring.  On  the  other  hand,  Voyria  coendea,  AubL,  VoyrieUa  parviflora^  Miq. 
and  the  semi-saprophytic  spedes  Obolaria  virginica,  L.,  have  a  bicoUateral 
vascular  system,  the  xylem  of  which  constitutes  tiie  strengthening  ring.  Voyria 
rosea,  AubL,  which  according  to  Gilg  has  four  bicoUateral  vascular  bundles 
*  not  actuaUy  in  connexion  with  one  another,  although  very  dose  together,' 
should  probably  be  dassed  with  Cotylanihera.  Among  the  species  of  the  semi- 
saprophytic  genus  Barkmiaf  B.  lanceokUa,  SmaU  more  or  less  confonns  to  the 
type  of  stem-structure  found  in  Obolaria  virginica ;  in  B.  vema,  Miihl.  ndther 
the  wood  nor  the  pericyde  contain  mechanical  tissue,  whUe  the  bundles  in  the 
higher  intemodes  of  the  stem  show  an  irregular  differentiation,  since  one  finds 
both  collateral  and  bicoUateral  vascular  bundles  as  weU  as  mere  phloem-  or 
xylem-groups  on  the  inner  side  of  the  endodermis  (for  details,  see  Holm,  loc.  dt.). 

In  dealing  with  the  structure  of  the  root  in  the  Gentianeae  an  important 
point  to  notice  is  that  the  radial  vascular  system  in  the  Gentianoideae  consists 
of  two  xvlem-  and  two  phloem-groups,  whUe  in  the  'Menyanthoideae  the 
number  of  groups  is  larger  (5-9).  In  many  of  the  Gentianoideae  the  structure 
of  the  endodermis  is  very  ch^acteristic.  Its  cells,  which  are  provided  with 
Caspary's  dots  on  their  radial  walls,  in  the  first  place  grow  strongly  in  the 
tangential  direction  ;  this  is  foUowed  by  the  appearance  of  secondary  radial 
division-walls  in  each  ceU  in  numbers,  wtuch  vary  from  2  to  20  according  to  the 
spedes,  and  even  show  variation  within  certain  limits  in  one  and  the  same 
spedes ;  tangential  division-walls  are  more  rarely  found  side  by  side  with  the 
radial  ones.  Perrot  mentions  the  occurrence  of  radial  divisions  in  the  endo- 
dermal  ceU<(  in  species  of  Crawfurdia,  Erythraea,  Exacum,  Gentiana  (species 
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of  the  sections  Codanike,  PneutrnmanSke^  Stenogye,  Frigidoy  Afiera^  IsomerU^ 
CkondrapkyUaf  Thylaciies^  CydosHgtm^  Andiaia  and  Am^reUa),  Pleurogyne 
and  Sebaea^  idiik  endodexmal  cells  with  radial  and  tangential  division-walls 
are  recorded  by  the  same  authority  in  GefMana  iermfoUa^  Franch.,  and  by 
Holm  in  Oboknria  virgimca^  L.  In  SweerHa  camuUa,  F.  v.  M.,  S.  peremniSf 
h.  and  other  spedes  of  SweerHa  belonging  to  the  section  Ensmeeriim  there  axe 
two  endodermal  zones,  in  which  radial  division-walls  are  found,  the  two  zones 
being  separated  from  one  another  by  a  few  parenchjmsatoos  layers.  Perrot 
expressly  mentions  the  occmrence  of  undivided  endodermal  cdls  in  BetmanHa^ 
CurHa^  Microcala  and  Sabbatia ;  in  Chironia  some  of  the  endodermal  cells 
have  no  secondary  radial  walls,  while  others  have  a  few.  Cell-divisioos,  similar 
to  those  observed  in  the  endodermis,  occasionally  {Geniiana  cMaU  according 
to  Vuillemin)  occur  also  in  the  outermost  cell-layer  of  the  primary  cortex. 
In  the  Menyanthoideae  only  simple  endodermal  celk  are  found.  Development 
of  cork  in  the  root  has  been  observed  only  in  Geniiana  luieay  G.  purpurea^  ftc, 
where  it  takes  place  in  the  pericycle.  In  the  Gentianoideae  the  primary 
cortex  of  the  root  mostly  decays  and  the  part  external  to  the  endodermis 
becmnes  detached.  In  those  cases  in  which  the  endodermis  is  thrown  ofE  as 
well  the  cell-layers  of  the  pericycle  become  successively  suberized.  In  HaUnia 
Mipiica^  Don  the  primary  cortex  of  the  tap-root  contains  sclerosed  ceUs. 
Bast-fibres  or  other  types  of  sclerenchymatous  elements  are  sometimes  found 
also  in  the  pericycle  (species  of  Chironia^  EnicosUmma^  Exacum).  The  structure 
of  the  wood  and  the  occurrence  of  islands  of  interxylary  soft  bast  have  already 
been  discussed  above.  A  pith  is  present  in  the  root  in  the  Menj^anthoideae 
and  occasionally  also  in  the  Gentianoideae.  As  r^ards  the  saprophytic  forms 
we  may  add  that  distinct  root-hairs  are  absent  in  Obolaria  and  Bartonia 
according  to  Holm,  and  in  Leiphaimos  according  to  Johow  and  Svedettus, 
whilst  in  Cotylanihera^  according  to  Figdor,  root-hairs  of  a  reduced  type  are 
found.  According  to  Stahl,  moreover,  root-hairs  do  not  appear  to  be  developed 
either  in  the  smaUer  species  of  Geniiana  (e.g.  G.  ascUpiaiea,  G.  cUiaia^  G.  cru- 
ciaia^  &c.),  whilst  a  mycorrbiza  is  present  not  only  in  the  saprophytic  spedes, 
but  is  widely  distributed  also  among  the  green  Gentianoideae  (spedes  of  CUara, 
Eryihraeay  Gentiana). 

Ltteratnre:  Coftandn,  Tigei  a^.  et  loiiL,  Ann.  ic.  nat,  s^r.  6,  t.  xn,  1883,  p.  130  et  leq.— 
Haberiandt,  Spaltoffn.  d.  Schwimmpfl.,  Flora,  1887,  p.  103.— Bailloo,  in  BuIL  Soc  Lum.  de  Ptois,  i, 
1888,  p.  756 ;  fee  alio  Hist.  d.  pL,  x,  1891,  p.  134.— Tohow,  Hommpfl.,  in  Pringihcim  Jahrb.,  xz, 
J889,  p.  475  et  seq.— Solereder,  Loguiiaceae,  in  Natiirl.  Pflanxenfam.,  iv.  Teil,  Abt.  a,  i8pa,  p.  37, 
footnote.— BoemMn,  Arkt.  pL  bladbmi.,  Bot.  Tidadcrift,  six,  1895,  p.  219  et  leq.— A.  Mejer» 
S^heikonA,  iS^$,  p.  80.— Konexow,  Geniiana,  in  NatiirL  Pflanignfam.,  it.  Teil,  AbL  1, 1895,  p.  81 
etteq.— Figdor,  Cciylanthera,  Ann.  Jaidin  bot.  Bidtenxoi]^,  xiv,  1897,  pp.  213-40,  especially  p.  sas 
et  teq.  and  Tab.  xvi.— Hobn,  Obolaria^  Ann.  of  Bot.,  xi,  1897,  pp.  309-83  and  pi.  xix;  see  also 
Plooeed.  Americ.  Assoc,  xUt,  Salem,  1896,  p.  189.— Perrot,  Tissn  extralibdrien,  etc,  Comptes 
lendos,  Paris,  1897,  p.  1 1 15  et  seq. ;  and  Tissn  condnctenr  snmnm.,  Joom.  de  bot,  1897,  p.  374  et  seq. 
— Schnbert,  Paiencbynischeiden,  Bot  Ce&tralbl.,  1897,  iv,  pp.  19,  30. — WoUenweber,  Anat  der 
Schwimmbl.,  Diss.,  Freibnig  L  fir.,  1897,  pp.  19-20.— Perrot,  Anat  comp.  des  Gentian.,  Ann.  sc 
nat.,  fkt.  8,  t  vii,  1898,  pp.  105-292  and  pL  i-ix ;  also  Thte,  Paris ;  see  also  Assoc  firan^.  Nantes, 
1898* — Leisering,  Interxvlares  Leptom,  Diss.,  Berlin,  18 


( Leptom,  Diss.,  Berlin,  1899,  pp.  33-5.— St<hl,  Sinn  der  Mykorrbisen^ 
bild.,  in  PringiEeim  Jabrb.,  xxxiv,  1900,  p.  586  et  8eq.-^laQdits,  Blattanat.  canar.  Gew.,  Diss., 
Basel,  1902,  pp.  42,  ^3  (/;E^llf/Aftf).— Svedelios,  Saprophyt.  Gentian.,  Bih.  Svenska  Vet-Akad. 
Handlingar,  ximi,  Afa.  iii,  n.  4,  1902,  16  pp. — Vniflemin,  Bois  intermM.,  Comptes  rendns,  Paris, 
cxxxv,  1903,  pp.  1367-9;  id.,  Gentiana  cihata,  Bnll.  Soc  bot  de  France,  1902,  pp.  374-80,  and 
Boll.  Soc.  Sc.  de  Nancy,  iii,  1902,  pp.  158-74  and  pi. — [Porsch,  SpaltOffnnngsapp.  sabmen.  Pflan«^ 
senteile.  Sits.  Ber.  Wiener  Akad.,cxii,  Abt  i,  1903,  p.  124  {MenyatUhesyy-Setkodx^  Chironia,  Beth. 
%,  bot.  Centralbl.,  xiT,  1903,  pp.  183, 184.— Schonte,  Stelartheorie,  1903,  p.  125.— [Ang.  Vogl,  KaUc- 
oxalat  bd  Gentian.,  Zeitscfar.  Osterrdcb.  Apothekerver.  Wien,  1903,  n.  6  and  7 ;  abstr.  in  Bot  Cm- 
trmlbl.,  xdi,  p.  432. j— Col,  Faisceanx,  Ann.  sc  nat,  s^r.  8,  t  xx,  1904,  pp.  188-93,  etc— SOsseiigntfa, 
BehaarangsTerh.,  etc,  Diss.,  Wiirzbnrp;,  1004,  p.  44.— Theorin,  Vaxttriclioid.,  Arktv  fik  Bot.>  iii,  n.  5, 


1904,  p,  37.— Gilrtler,  InterzeHnlare  Haarbild.,  Diss.,  Berlin,  1905,  pp.  3o-4a— Poisch,  Spaltoffian«- 
tn>ns,  Jena,  1905,  pp.  80-3.— Holm,  Bartonia,  Ann.  of  Bot.,  xx,  i     '  _  «     ^  _< 

xlxiT.^Pilger,  m  pfatiirl.  Pflansenfain.,  Erg.-Heft  ii,  1908,  p.  392.] 
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POLEMONIACEAE  (pp.  550-552). 

The  paragraph  dealing  with  the  essential  anatomical  features  of  the 
Polemoniaceae  requires  the  following  additions  or  alterations.  Oxalate  of 
lime,  though  not  abundant,  does  occur  in  the  Polemoniaceae,  being  found  for 
the  most  part  in  the  form  of  small  acicular,  prismatic,  or  otherwise  shaped 
crystals  (species  of  Bonplandta^  CoUomia,  GUia) ;  typical  small  clustered 
crystals  have  also  been  observed  in  Bonpiandia.  True  cystoUths  are  absent, 
the  statements  in  the  literature  referring  to  their  occurrence  being  incorrect. 
On  the  other  hand,  cystoUth-like  protubKsrances  are  found  in  the  cells  of  the 
epidermis  and  of  the  hairs.  The  complete  absence  of  gelatiniiEed  epidermal 
cells  in  the  leaf,  is  remarkable  in  view  of  the  xerophilous  character  of  many 
Polemoniaceae.  The  hairy  covering  consists  of  unicellular  (these,  however, 
never  constituting  the  only  forms  of  hairs)  and  uniseriate  clothing  hairs,  as  well 
as  of  glandular  hairs,  Specially  noteworthy  forms  of  clothing  hairs  are  as 
follows :  the  uniseriate  trichomes  of  GUia  cangesta.  Hook.,  which  are  fused 
in  pairs  at  the  base  ;  the  imiseriate  hairs  of  certain  species  of  PUox  and  GiUa^ 
which  show  a  tendency  to  branch ;  the  bicellular  whip-hairs  of  Gilia  densifoUa^ 
Bentii.,  and  other  species,  which  are  provided  with  a  short  basal  cell  and  a  long 
terminal  cell ;  and  the  urn-shaped  trichomes  of  Gilia  pinnaiifida,  Nutt. 

The  STRUCTURE  OF  THE  LEAF  has  repeatedly  been  examined  by  Wolfel 
and  especially  by  Hiiller ;  the  subsequent  description  is  based  on  Hiiller's 
statements.  In  those  species  which  luive  narrow  leaves  the  epidermal  cells 
are  generally  elongated  in  the  direction  of  the  median  vein  and  occasionally 
appear  almost  prosenchymatous  in  surface-view ;  in  the  species  with  broader 
leaves  the  lateral  walls  of  the  epidermal  cells  are  often  undulated  (occasionally 
showing  angular  bends  and  jagged),  more  rarely  straight.  The  cuticle  is 
smooth  or  finely  striated,  or  it  may  be  granular  or  verrucose  ;  in  many  species 
of  CoUomiay  GUia  and  Phlox  the  part  of  the  outer  wall  lying  on  the  inner 
side  of  the  cuticle  is  stron^y  thickened  and  capable  of  swelling,  and  has  a 
gelatinized  appearance.  But  gelatinization  of  the  epidermis  does  not 
occur.  Isolated  epidermal  cells  showing  papillose  differentiation  are  not  un- 
commonly found  on  the  margin  and  near  the  apex  of  the  leaf,  and  in  some 
cases  a  silicified  protuberance  resembling  a  cystolith  is  associated  with  these 
papillae  (species  of  Bonplandia^  CoUomia^  GUia^  Loeselia  and  Phlox).  Papillae 
are  never  differentiated  on  all  or  almost  all  the  epidermal  cells  on  the  surface 
of  the  leaf.  The  stomata  are  found  on  both  sides  of  the  leaf,  especially  in  the 
species  with  narrow  leaves  ;  only  in  a  few  cases  are  they  confined  to  the  lower 
surface.  Special  mention  may  be  made  of  the  arrangement  of  the  stomata  in 
Phlox  Hoodiif  Richards. ;  this  species  has  narrow  leaves  which  are  somewhat 
adpressed  to  the  stem  and  cover  one  another  in  imbricate  fashion,  the  stomata 
which  occur  on  both  surfaces  being  almost  confined  to  the  base  of  the  leaf, 
which  is  protected  by  means  of  hairs.  In  those  species,  which  have  narrow 
leaves,  the  pairs  of  guard-cells  are  arranged  approximately  parallel  to  the 
median  vein  ;  a  really  irregular  arrangement  of  the  stomata  is  altogether  rare 
in  this  Order.  .  There  are  no  subsidiary  cells,  the  stomata  developing  according 
to. the  Ranunculaceous  type  (Cobaea^  Gilia^  Phlox,  Polemonium).  The  pairs 
of  guard-cells  for  the  most  part  lie  on  a  level  with  the  epidermis,  and  deeply 
sunk  stomata  do  not  occur.  The  mesophyll  is  bifacial  or  centric.  The  spongy 
tissue  only  rarely  (Phlox  amoena^  Sims.)  shows  very  large  intercellular  spaces. 
In  Phlox  longifolia,  Nutt.  and  a  few  species  of  Gilia  (e.g.  G.  Parishii,  Pet.)  an 
ac|ueous  tissue  composed  of  lar^e  ceUs  devoid  of  chlorophyll  is  found  in  the 
middle  of  the  mesophyll ;  this  tissue  envelops  the  veins  of  the  leaf  and  some- 
times even  surrounds  the  principal  vein,    H3rpoderm  occurs  only  at  the 
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margin  of  the  leaf  and  above  the  median  vein ;  as  a  rule  it  consists  of  fibrous 
cells,  provided  ydth  strongly  thickened  cdlulose-waUs,  which  are  capable  of 
swelling.  The  vascular  bundles  of  the  veiiia  are  conmionly  accompanied  by 
sclerenchyma,  which  is  apposed  to  the  xylem-  and  phloem-groups.  In  some 
species  a  group  of  sderenchymatous  fibres  is  found  also  in  the  xylem  of  the 
larger  veins,  these  fibres  adjoining  the  tracheae  and  being  in  contact  with 
the  soft  bast.  In  this  connexion  we  may  mention  a  few  anomalous  cases 
concerning  the  appearance  of  the  vascular  bundle  of  the  median  vein,  as  seen 
in  transverse  section  ;  these  anomalies  have  been  demonstrated  in  the  ^Vf^ 
two-thirds  of  the  leaf  in  PUox  Drummondii^  Hook,  and  a  few  species  of  (Ulia, 
In  some  cases  the  group  of  sclerenchyma  above  mentioned  enters  into  con- 
nexion with  the  sderenchymatous  layer  below  the  soft  bast  by  means  of  a 
bridge  of  sderenchyma,  and  in  this  way  the  strip  of  soft  bast  becomes  divided 
into  two  groups,  as  in  the  vascular  bundles  of  certain  Palms.  In  other  cases 
vascular  bunoles  have  been  observed,  consisting  for  the  most  part  of  sderen- 
chvma,  a  group  of  annular  and  spiral  tracheae  being  apposed  to  the  upper 
side  of  the  latter,  while  two  to  four  small  phloem-bundles  accompanied  by 
spiral  and  annular  tracheae  are  situated  at  its  sides.  Parenchymatous  sheatlifi 
consisting  of  larcfe  cells  have  been  observed  in  certain  spedes  of  all  the  genera 
except  Bonplandia,  In  some  cases  they  are  differentiated  like  an  endodermis 
(cdls  suberized  in  Phlox  amoena^  Sims,  and  P.  Drummandii,  Hook. ;  cells 
thickened  in  the  shape  of  a  horseshoe  in  GUia  pungens^  Benth.). 

The  following  facts  may  be  mentioned  regarding  the  hairy  coverh^. 
The  dothing  hairs,  apart  from  the  more  or  less  hair-hke  papillae  above  dis- 
cussed, indude  only  uniseriate  trichomes.  Unicellular  dothing  hairs  have 
not  been  recorded  as  the  only  form  of  trichome  in  any  member  of  the  Order. 
The  uniseriate  hairs  vary  in  length,  being  composed  of  long  or  short  cells ; 
the  following  types  are  found : — short  conical  hairs,  consisting  of  a  smallnumber 
of  cells  and  mostly  placed  obliquely  to  the  surface  with  their  apex  pointing 
towards  the  tip  of  the  leaf ;  stiff  han:s,  which  are  longer  and  are  either  strai^t 
or  curved  like  a  sabre  ;  and  woolly  hairs,  bent  in  a  vermicular  manner.  The 
walls  of  the  hairs  vary  in  thickness  ;  they  are  never  calcified,  but  occasionally 
slightly  silicified.  Regarding  the  spedal  forms  of  dothing  hairs  above  referred 
to  we  may  add  the  following  details.  In  Phlox  maculaia^  L.  only  one  or  two 
of  the  3-5  cells  composing  the  trichomes  bear  short  protrusions,  while  in  Gilia 
dianihoideSf  Endl.  each  cdl  of  the  multicellular  trichome  has  such  a  protrusion, 
so  that  hairs  are  formed  which  have  a  kind  of  sympodial  structure.  The 
urn-shaped  trichomes  of  GUia  pintuUifida^  Nutt.  in  the  simplest  case  consist 
of  two  bluntly  conical  cells  having  a  common  basal  surface,  but  a  cylindrical 
cell  which  is  slightly  narrowed  in  the  middle  of  its  length  is  sometimes  in- 
serted between  the  former  ;  in  the  three-celled  hairs,  moreover,  the  lowest  cell 
is  occasionally  also  cylindrical.  It  remains  to  mention  the  uniseriate  trichomes 
of  Gilia  Larseniy  Gray»  which  are  composed  of  barrel-shaped  cells,  and  the 
uniseriate  hairs  of  G.  fioccosa^  Gray,  in  which  the  longitudinal  walls  are  provided 
with  numerous  small  papillose  protrusions.  The  glandular  hairs  show  the 
same  type  of  structure  as  the  clothing  hairs ;  in  some  cases  (spedes  of  Gilia) 
transitional  forms  between  the  two  kinds  of  hairs  are  found  at  the  base  of  the 
leaf.  The  variations  in  structure  exhibited  by  the  glandular  hairs  concern 
the  length  of  the  stalk  and  the  number  of  cells  composing  it,  and  especially  the 
nature  of  the  head.  In  some  of  the  hairs  the  head  is  unicellular  and  spherical, 
ellipsoidal  or  clavate  in  shape ;  glandular  hairs  with  heads  of  this  type  are 
the  only  forms  of  external  glands  found  in  Bonplandia^  Cantua  and  Cdbaea 
(in  the  last  of  these  genera  they  constitute  the  only  type  of  hair),  but  they 
also  occur  side  by  side  with  glandular  hairs  having  multicellular  heads  in  the 
remaining  five  genera  of  the  Polemoniaceae.    Glandular  hairs  with  spherical 
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heads,  divided  into  2-8  cells  by  one  or  more  radially  arranged  vertical  walls, 
are  found  in  many  species  of  CoUotnia,  GUia,  Loesdiaf  Phlox  and  Polemonium. 
Lastly,  in  certain  species  of  CoUomia,  GUia  and  Phlox  glandular  hairs  are  found 
in  which  the  heads  are  obconical.  or  more  rarely  discoid  or  almost  spherical, 
and  are  divided  in  the  first  place  by  horizontal  waUs  into  2-4  tiers,  which 
undergo  further  division  by  vertical  walls. 

Oxalate  of  lime  is  found  in  certain  species  of  CoUomia  and  GUia  in  the 
form  of  the  small  crystalline  bodies  above  mentioned,  the  latter  occurring  in 
the  mesophyll  and  occasionally  in  the  epidermis  and  trichomes  as  weO.  In 
GUia  atraclyloides^  Steud.  these  small  crystals  are  united  to  form  structures 
resembling  clustered  crystals.  Distinct  clustered  crystak  of  small  size  occur 
mBonplandia  gcminifloray  Cav..  lying  singly  in  each  cell  of  the  palisade  tissue; 
in  addition  to  them  the  small  cryst^Js  are  Ukewise  present  in  the  mesophyll  of 
Bonflandia.  Greenish  and  Morelle's  statement  to  the  effect  that  t^ical 
calcified  cystoliths  occur  in  '  Phlox  Carolina '  is  incorrect  according  to  Holm. 
Hiiller  and  Stockberger ;  the  material,  which  Greenish  and  MordUe  used  in 
their  investigations  under  the  name  of  '  Phlox  Carolina^'  does  not  belong  to 
a  member  of  the  Polemoniaceae.  but  to  one  of  the  Acanthaceae  (according  to 
Holm.  RuMia  cUiosa,  Pursh). 

For  the  structure  of  the  stem,  see  also  the  detailed  statements  by 
WSlfel,  loc.  cit.  According  to  Wdlfel  the  vessels  have  a  small  number  of 
scalariform  perforations  (with  i-io  bars)  side  by  side  with  the  simple  per- 
forations also  in  Polemonium  and  GUia. 

literature :  WoUel,  Veigl.  Anat  d.  Polemoo.,  Dits^  Heidelberg,  1901,6a  pp.,  a  Talx^Theorin, 
Vaxttricfaom.,  Aikiv  lor  Bot,  i,  1903,  p.  159.— Col,  Faisoeaitx,  Ann.  ac  nat.,  i^r.  8,  L  zx,  1904, 

f.  113. — Moielle,  Histol.  comp.  des  Gels^miMs  et  Spigeli^  Thbe^  Paxil,  1904,  pp.  144-7 ;  also  in 
errot,  Travanz,  il,  1905.— [Stockbeiger,  in  Proceed.  Americ.  pharm.  As80&,  liii,  1905,  p.  3a4.] — 
Holm,  Root-stmctnre  of  Sfigdia  marilattdica.  Phlox  ovaia,  etc.,  Americ.  Toom.  of  pharm.,  i9io6, 
pb  553  et  aeq. ;  and  Internal  atmcture  of  tbe  stem  and  \tai at  JRuiUia  ctUasa,  Phlox  ovala,  etc.,  loc.  dt., 
1907,  p.  51  et  sea.—HuIler,  Bdtr.  z.  veigl.  Anat.  d.  Polemoo.,  Diss.,  Erlaneen,  1907,  75  pp.,  i  Tab., 
sepb  copy  firom  Beih.  z.  bot.  CentralbL— Brand,  Polemoniaceae,  in  Pflanzenreiai,  Heft  27, 1907,  pp.  3, 4. 


HYDROPHYLLACEAE  (pp.  552-554). 

Literature :  [Ritter,  EriodidyoM  gitdinotum,  Americ.  Joom.  Pharm.,  1895,  p.  565  et  seq.] — 
Minden,  Wasaersez.  Org.,  Bibl.  bot,  Heft  46, 1899,  pp.  a6  and  38.— Theorin,  Vaxttrichom.,  Arkivfor 
Bot.,  iii,  n.  5,  1904,  p.  a6,  and  iv,  n.  18,  1905,  pp.  16,  17. 


BORAGINEAE  (pp.  554-561). 

2.  Structure  of  the  leaf.  Epidermal  cells  which  have  jagged  lateral 
walls  with  folds  compressed  like  ridges  in  the  angles,  are  found  on  the  lower 
surface  of  the  leaf  in  Lithospermum  j>urpureO'Coeruleum  axxdPulnumaria  (Jodin). 
^  For  the  hairy  covering  see  also  Revedin's  detailed  statements  (loc.  cit.), 
which  refer  to  species  of  Alkanna,  Amsinckia^  Anchusa^  Asperu^o,  Caccinia^ 
Echinospennum^  Echium,  Hdiotfopiumy  LUhospemmmy  Lycops%$,  MyosoHs^ 
Nonnea,  Omphalodes^  Onosma^  Onosmodium^  Pidnumaria,  Solenanthus^  Sym- 
phytum,  TourneforUa,  Trachystemon  and  Trichodesma. 

To  the  special  description  of  the  tiichomes  we  may  add  that  bracket-hairs 
occur  side  by  side  with  other  forms  of  trichomes  also  in  Anchusa  oMcinaliSy  L.,  and 
that  almost  spherical  cystolith-hairs,  provided  with  a  short  pointed  filiform  process, 
accompany  other  types  in  Symphytum  officifMle^  L.  In  the  glandular  hairs  of 
Nonnea  pulla,  DC  which  have  uniseriate  stalks  and  unicellular  heads,  the  lowest 
of  the  four  or  five  cells  composing  the  stalk  is  very  strongly  developed  and  forms 
a  kind  of  pedestaL    The  stalk  of  the  glandular  hairs,  found  on  the  calyx  in  Toume- 
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forHa  fnUicosa^  R.  Br.,  likewise  shows  a  special  type  of  difierentiationy  two  of  the 
four  component  cells  (viz.  the  lowest  and  tne  next  but  one  above  it)  being  distended 
in  a  barrel-shaped  manner  near  their  upper  end,  while  the  other  two  are  developed 
as  short  neck-cells. 

In  the  species  investigated  by  Jodin  the  petiole  may  contain  as  many 
as  twelve  isolated  vascular  bundles  (generally  5-6  or  only  3),  the  number  being 
connected  with  the  differentiation  of  a  furrow  of  varying  breadth  ;  the  median 
vascular  bundle  alone  is  strongly  developed  as  an  arc  of  wood  and  bast. 

3.  Structure  of  the  axis.  For  the  detailed  structure  of  the  stem  in 
the  herbaceous  members  of  the  Order,  see  Jodin.  The  primary  cortex  in 
these  forms  is  loose  and  occasionally  contains  palisade  tissue;  in  Echium 
vulgare  it  includes  stronglv  sclerosed  cells.  The  pericycle  is  generally  paren* 
chymatousy  and  rarely  (tieliotrofnum  curassavicum)  contains  groups  of  fibres. 
The  vascular  bundles  are  either  isolated  or  fused  to  form  a  ring  of  wood  and 
bast.  A  composite  and  continuous  rin^  of  sclerenchjmia  has  recently  been 
observed  by  Pitard  in  the  pericycle  of  Tourneforiia  hirsutissima. 

Note.  According  to  Jodin  the  root  of  the  herbaceous  Boragineae  generally 
contains  a  diarch  vascular  system,  altiiough  this  does  not  apply  to  the  adventitious 
roots  of  the  rhizome,  which  show  5-^,  sometimes  even  as  many  as  twelve,  radial 
vascular  bundles,  two  bundles  only  bein^  found  as  an  exception  (Symphytum 
tuberosum).  The  development  of  the  cork  m  the  root  takes  place  in  the  pericycle 
(Alkanna,  Barago,  Echium^  Pulmonaria).  Regarding  the  red  coloration  shown  by 
the  roots  of  many  Boragineae,  see  Norton  (in  Missouri  Bot.  Garden  Report,  1898, 
pp.  149-51)  and  other  authorities. 

literature :  Cottantin,  Tiges  a^r.  et  soat.,  Ann.  sc.  nat,  s^r.  6,  t.  xvi,  1883,  p.  134  et  seq.— 
n'ognini,  Stomi,  Atti  Ist.  bot.  Pavia,  189^]— Schubert,  Parenchymacheiden,  Bot.  CentralbL,  1897, 
IT,  p.  ao.— Minden,  Wassersez.  Org.,  BibL  bot,  Heft  46,  1899,  p.  33.— Pitard,  Pericycle,  Thcie, 
Bordeaux,  1901.  pp.  39,  65  and  i04.--{Baldaod,  Sympkytum  onenia/s,  RendicoDti  Acoui.  Bologna, 
!▼»  PP*  74-8 ;  abstr.  In  Just,  190a,  ii,  p.  aSo.}— Clauditz,  Blattanat  canar.  Gew.,  Diss.,  Baad,  ipoa, 
PP*  49y  50  {£cMuni). — ^Preston,  in  Bot  Gazette,  190a,  pp.  150-4  {Amsinckia). — Reredin,  PeU  delle 
Boragin.,  Nuovo  Giom.  bot  Ital.,  N.  S.,  iz,  190a,  pp.  301-18. —Jodin,  Recfa.  anat  aor  lea  Boragin., 
Ann.  sc.  nat.,  s^r.  8,  t.  xrii,  1903,  pp.  263-346,  pL  5-9  (deals  only  with  the  European  genera,  and  with 
Amsinckia). — Theorin,  Vaxttridiom.,  Arkiy  for  Bot,  i,  1903,  p.  158  ;  iii,  n.  5. 1904,  pp.  a6,  27 ;  and 
iv,  n.  18,  1905,  p.  aa.— Freidenfeldt,  Anat.  Bau  d.  Wurzel,  Bibl.  bot.,  Heft  01,  1904,  j^.  68,  69.— 
Siissen^th,  Behaamngsverh.  d.  Wttnb.  Muachelkalkpfl.,  Diss.,  Wurzburg,  190^  p.  45.— [Vidal, 

Eritrichium  ftanum,  Assoc.  fran9.  Cherbourg,  i<  "  •  '    -     ~ 

et  des  Lamiac^es,  Assoc.  Avanc,  35  Seas.,  Lvon/ 
Diss.,  Wiirzburg,  1907,  p.  29  {Pulmonaria).] 


bUssen^tJi,  Behaamngsverh.  d.  Wiinb.  Muschelkalkpfl.,  Diss.,  Wurzburg,  1904,  p.  45.— [Vidal, 
Eritrichium  ftanum,  Assoc.  fran9.  Cherbourg,  1905,  pp.  472-5.] — [Kimpflin,  Affinit^s  des  Boragin. 
et  des  Lamiac^es,  Assoc.  Avanc,  35  Seas.,  Lvon,  1900,  pp.  428-31.] — [Kramer,  Mikr.-phann.  Beitr., 


CONVOLVULACEAE  (pp.  562-573). 

To  the  discussion  of  the  internal  secretory  system  (see  pp.  565,  566)  we 
may  in  the  first  place  add  that  according  to  a  written  communication  from 
HaUier  the  axes  in  all  the  higher  Convolvulaceae  (Ipomoeeae,  Argyreieae, 
and  Merremia)  contain  a  white  or  whitish  sap.  The  secretory  organs  found 
in  the  flower  have  been  examined  in  detail  by  Gr61ot.  According  to  him  the 
floral  organs  likewise  contain  secretory  cells  (isolated  and  in  rows),  as  well  as 
cell-fusions,  the  latter  occurring  in  ralkia  and  Dichondra.  Grflot,  like  the 
earlier  observers  (cf .  footnote  3  on  p.  565),  maintains  that  he  has  encountered 
resorption  of  the  transverse  walls  in  the  rows  of  laticiferous  sacs. 

As  regards  the  glandular  hairs  (see  pp.  568,  569)  reference  may  be  made 
to  the  large  external  glands,  which  are  situated  on  the  lower  side  of  the  leaf 
in  Stictocardia  tiHaefolia^  Hsdlier,  and  are  provided  with  a  head  showing  vertical 
division,  and  to  the  pore-like  perforation  of  the  cuticle  observed  in  the  ordinary 
peltate  glands  of  Operculina  turpethum,  I*eter:(Svedelius). 
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Appendix  :  i.  Cuscuteae  (p.  573). 

Our  knowledge  of  the  anatomy  of  the  Cuscuteae  has  been  quite  materially 
improved  by  recent  investigations  undertaken  by  Comu  and  especially  by 
Mirande^ 

The  secretory  organs  of  the  Cuscuteae  consist  of  secretory  cells,  which 
may  be  distinguished  as  cortical  (situated  in  the  primary  cortex),  pericycUc 
and  medullary  according  to  their  point  of  occurrence  in  the  stem.  Cortical 
and  pericycUc  secretory  cells  are  found  in  all  the  species  of  Cuscuta^  and  con- 
stitute two  characteristic  zones  in  the  thin  stems  of  these  forms,  while  medullary 
secretory  c<ells  have  been  observed  only  in  Cusctda  americana ;  the  latter 
show  the  same  structure  as  the  elements  situated  in  the  cortex.  In  the  young 
parts  of  the  axis  the  zone  of  cortical  secretory  cells  lies  in  the  peripheral  portion 
of  the  primary  cortex.  In  the  older  parts  of  the  axis  these  elements  are  more 
or  less  separated  both  from  one  another  and  from  the  epidermis  as  a  result 
bf  the  ceU-divisions  which  have  taken  place  in  the  primary  cortex.  In  the 
young  parts  of  the  axis  the  cortical  secretory  cells  are  moderately  elongated^ 
and  form  vertical  rows  of  cells,  which  can  be  distinguished  from  the  neighbour- 
ing cells  even  by  their  size ;  in  the  Monostyleae  (Subgenus  Monogynellay 
Engelm.)  their  nucleus  occupies  a  i)eripheral  position,  wMe  in  the  Distyleae 
(Subgenus  Grammica  and  Cuscuia)  it  hes  in  the  centre  of  the  cell.  In  later 
stages  the  cells  often  elongate  very  considerably.  The  neighbouring  short 
cells  of  the  cortex  then  frequently  exert  a  pressure  on  the  longitudinal  walls 
of  the  secretory  sacs,  so  that  dents  are  produced,  which  in  the  case  of  secretory 
sacs  isolated  by  maceration  appear  as  a  system  of  facets,  corresponding  to  the 
cellular  network  of  the  adjoining  cortical  cells.  Except  for  this  the  wall  of  the 
secretory  sacs  is  either  smooth  or  finely  punctate.  The  pressure  exerted  by 
the  turgescent  cortical  cells  also  commonly  leads  to  the  almost  complete  com- 
pression of  the  cortical  secretory  cells  in  the  older  parts  of  the  axis,  so  that 
they  easily  escape  observation.  The  zone  of  pericychc  secretory  cells  is  hke- 
wise  typically  developed  only  in  the  young  stems,  but  for  them  it  is  highly 
characteristic,  the  cells  being  readily  recognized  owing  to  their  wide  lumina. 
The  pericydic  secretory  cells  also  become  separated  from  one  another  in  later 
stages  ;  their  lumina  then  occasionally  become  narrowed  as  a  result  of  inter- 
calary growth,  or  the  cells  may  acquire  very  thick  walls  and  come  to  resemble 
fibres ;  in  other  cases  they  retain  their  thin  walls,  but  lose  their  roimded 
outUne  in  transverse  section  and  look  like  star-shaped  intercellular  spaces.  This 
accounts  for  the  fact  that  the  earlier  observers  failed  to  place  a  correct  interv 
pretation  oil  the  pericyclic  secretory  cells.  In  the  Monostyleae  the  membranes 
of  the  pericyclic  secretory  ciells  become  more  or  less  lignified,  while  in  the 
Homostyleae  (Subgenus  CusctUa)  they  generally  continue  to  consist  of  cellulose ; 
in  the  Heterostyleae  (Subgenus  Grammica)  the  membranes  ultimately  become 
thick,  cartilaginous  and  refractive,  and  acquire  the  property  of  swelling  up 
in  the  presence  of  water,  the  cells  at  the  same  time  assuming  a  fibre-Uke 
appearance.  In  the  last  stage  the  pericychc  secretory  cells  constitute  long 
tubes,  the  length  of  which  in  the  Monostyleae  and  Homostyleae  occasionally 
equals  that  of  five  intemodes,  although  shorter  in  the  Heterostyleae.    Neither 

^  MixBnde*s  inyestigations  deal  with  the  following  tpedes  :  I.  Monostyleae:  Cuscuia  casp^hoides, 
C.  exaltaia,  C.jt^anica,  (7.  LeAmanmana,  C.  luptUiformiSj  C.  nunwgyna,  C,  rt/Uxa^  C.  timorensis, 
IL  Distyleae :  a.  Hohlostyleae :  C.  ahyssinica^  C,  afrkana,  C,  arabica^  C.  babylmiea^  C.  brrtns^lHj 
C.  capitatay  C.  M^lmmm,  C.  Epitkymum^  C,  europaea^  C,  nitida,  C.  pataesHpa^  C.  pannjiordf 
beloi^[faig  to  the  type  of  C.  emcpaia ;  b.  Heterostrleae :  C.  decora^  C,  Gronovii^  C.  in/Uxa^  bdooging 
to  the  type  of  C.  Gro9wni\  C.  califymka^  C.  chtlensis^  C.  chiwTtsis,  C.  corymbosa^  C,  cuspidat€it  C. 
Jhrihmdat  C.  gUm^raia,  C,  Jkyaltua,  C,  jaiapensis^  C.  odorata,  C,  rostmta,  C.  sanduneku^na,  C. 
temd/lara^  C.  umbeffata,  belonging  to  the  type  of  C.  chinensis ;  C.  americana^  fonnhig  a  spckaal  type 
of  its  own. 
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branching  nor  anastomosis  has  been  observed  in  the  secretory  cells.  A  very 
noteworthy  feature  lies  in  the  fact  that  the  pericyclic  secretory  cells  contain 
several  eUipsoidal  or  fusiform  nuclei  in  place  of  a  single  one.  The  chemical 
nature  and  surface-markings  (punctation  or  striation)  of  the  wall  are  subject 
to  variation^  occasionally  even  in  one  and  the  same  cell.  Of  the  secretory 
cells  occurring  in  the  stem  as  a  rule  only  the  cortical  elements  can  be  traced 
into  the  scaly  leaves.  In  the  latter,  and  especially  in  the  lower  part  of  the 
scale-leafy  they  frequentlv  form  a  complete  hypodermal  layer  of  rather  short 
cells  with  wide  lumina  aoove  the  lower  epidermis  ;  in  the  upper  part  of  the 
leaf  the  secretory  cells  decrease  in  number  and  ultimately  occur  only  as  isolated 
elements.  The  protoplasmic  contents  of  the  secretory  cells  soon  disappear, 
the  mature  elements  chiefly  containing  oily  substances,  tannins  and  resins. 

An  important  systematic  feature  concerning  the  differentiation  of  the 
flbrovaacnlar  system  of  the  stem  is  that  in  the  Monostyleae  (the  stem  being  in 
that  stage  of  development  in  which  the  vascular  bundles  are  fully  differentiated, 
but  have  not  yet  b^un  to  grow  in  thickness)  the  xylem-groups  of  the  vascular 
bundles,  which  show  an  annular  arrangement,  are  united  to  form  a  strengthen- 
ing ring  by  means  of  groups  of  elongated  sderenchymatous  cells  resembling 
filnres,  while  in  the  Distyleae  this  is  not  the  case.  In  the  Distyleae,  moreover, 
the  entire  fibrovascular  sj^tem,  and  especially  the  xylem-groups  of  the  bundles, 
show  a  greater  degree  of  reduction  than  in  tne  Monostyleae. 

Among  the  Monoslyleae  the  vascular  bundles  are  most  strongly  developed  in 
Cuscuta  japonica,  in  which  they  also  show  growth  in  thickness  in  later  stages. 
Even  in  this  species,  however,  strands  of  mestome,  which  are  essentially  of  the  nature 
of  phloem-bundles,  occur  side  by  side  with  the  fully  differentiated  bundles  (L  e.  those 
containing  both  wood  and  bast)  of  the  vascular  ring;  these  phloem-bundles  are  either 
apposed  to  the  outer  side  of  the  sclerenchymatous  strengthening  ring  or  are  embedded 
in  it.  The  xylem-groups  of  some  of  the  vascular  bundles,  moreover,  do  not  extend 
through  the  entire  thickness  of  the  strengthening  ring,  being  separated  by  a  bridge 
of  sclerenchyma  from  the  corresponding  bast-group.  The  process  of  seconda^ 
growth  does  not  take  place  uniformly  in  the  vascular  bundles  of  C.  japonica.  This 
results  in  the  bursting  of  the  strengmening  ring,  while  the  vascular  bundles  them- 
selves present  a  varied  appearance  in  transverse  section.  Side  hy  side  with  the 
normafbundles  of  wood  and  bast,  in  which  the  secondary  ¥rood  adjoins  the  primary 
wood  in  the  ordinary  way,  one  meets  with  the  following  types :  (a)  bundles  in 
which  groups  of  sclerenchyma  belonging  to  the  original  strengthening  ring  are 
inserted  between  the  primary  and  secondary  wood  (these  being  the  bundles,  in  which 
the  xylem-groups  did  not  extend  through  the  entire  strengthening  ring  prior  to 
the  commencement  of  secondary  growth) ;  (h)  bundles  of  ¥rood  and  iMist,  which 
contain  no  primary  wood  and  are  derived  from  the  original  phloem-bundles ;  and 
ls^^y»  (^)  groups  of  interxylary  phloem,  which  owe  their  devdopment  to  the  cessation 
of  caml^  activity  in  the  median  of  three  vascular  bundles,  lying  next  to  one 
another,  while  the  two  lateral  bundles  undergo  considerable  growth  in  thickness, 
the  new  wood  thus  formed  covering  in  the  pmoem-group  belonging  to  the  median 
bundle. 

In  the  remaining  Monostyleae  the  vascular  system  is  more  or  less  reduced, 
as  evidenced  not  only  in  the  absence  of  growth  in  thickness,  but  also  in  the  smaller 
number  of  bundles  of  wood  and  bast  or  of  phloem  and  the  smaller  number  of  tracheae 
in  the  xylem-groups.  In  the  Distyleae  reduction  has  gone  even  further  than  in  the 
Monostyleae. 

The  pericycle  in  the  Monostyleae  besides  containing  secretory  sacs  also 
includes  groups  of  bast-fibres.  The  sieve-tubes,  which  are  often  developed  in 
large  numbers  and  frequently  have  wide  lumina,  have  horizontal  or  oblique 
sieve-plates  with  one  or  more  sieve-areas;  their  longitudinal  walls  show 
manifold  types  of  structure,  but  bear  sieve-areas  only  in  the  Monostyleae. 

The  structure  of  the  pith  varies  in  the  monostylic  species.  In  Cuscuta 
cassythoides,  C.  Lehmanniana^  C.  monogyna  and  C.  Utnarensis  it  is  sclerosed 
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except  for  small  islands  of  thin-walled  tissue  in  the  neighbourhood  of  the 
primary  jcylem-groups,  while  in  the  remaining  species  the  walls  of  the  medullary 
cells  consist  of  cellulose. 

According  to  Mirande  the  nature  of  the  interceUular  system  of  the  stem 
is  likewise  a  leature  of  systematic  importance.  The  Monostyleae  and  Homo^ 
styleae  have  small  lacimae,  occurring  especially  in  the  primary  cortex ;  in 
both  cases  these  lacunae  are  enveloped  by  parts  of  the  walls  of  the  adjoining 
cells,  these  portions  of  the  wall  being  suberized  in  the  Monostyleae  and  cuti- 
nized  in  the  Homostyleae.  In  the  Heterostyleae  of  the  type  of  C.  chinmsis 
and  C.  americana  the  primary  cortex  and  bast  contsun  canals  and  cavities, 
having  cutinized  walls.  Very  commonly,  moreover,  lacunae  may  also  be 
observed  on  the  inner  side  of  the  vascular  bundles,  these  cavities  arising  by 
abortion  of  the  primary  vessels,  in  the  same  way  as  in  many  Monocotyledons 
and  Dicotyledonous  aquatics. 

Finally,  according  to  Mirande,  the  axes  of  the  Cuscuteae  are  characterized 
also  by  the  presence  of  a  peculiar  sheath  of  cells  ('galne  nourridbre')  having 
abundant  protoplasmic  contents  and  developed  as  a  complete  envelope  to  the 
individual  vascular  bundles ;  this  sheath  is  most  typically  differentiated  in 
the  Monostyleae. 

The  structure  of  the  scale-leaves,  which  are  devoid  of  chlorophyll,  may 
first  be  described  in  Cusada  japanica^  where  they  are  most  strongly  developed. 
A  transverse  section  through  the  base  of  the  leaf  in  this  species  as  a  rule  shows 
a  lower  epidermis  composed  of  large  ceUs  and  an  upper  epidermis  in  which 
the  cells  are  smaller  ;  above  the  lower  epidermis  an  almost  continuous  layer  of 
secretory  cells  is  situated,  while  the  vascular  bundles  are  embedded  in  a  homo- 
geneous mesophyll  consisting  of  rounded  cells.  The  cells  of  the  lower  epidermis 
are  divided  by  numerous  vertical  walls,  only  a  small  number  of  which  occur 
in  the  upper  epidermis.  Only  the  lower  epidermis  contains  stomata,  which 
are  rather  numerous  ;  stomata  are  altogether  not  as  rare  in  the  Cuscuteae — 
even  on  the  different  parts  of  the  stem — ^as  has  hitherto  been  supposed.  As 
we  approach  the  cucullate  apex  of  the  scale-leaf  the  subepidermal  secretory 
sacs  show  a  considerable  decrease  in  number ;  the  main  mass  of  the  apex 
is  constituted  by  a  group  of  small-celled  tissue,  which  occupies  a  central  position 
and  is  formed  by  the  division  of  the  tissue  accompanymc;  the  fibrovascular 
system.  Occasional  leaves,  which  are  particularly  strongly  developed,  even 
have  typical  palisade  tissue  containing  sderdds  on  their  upper  side.  Of  the 
vascular  bundles  entering  the  leaf,  the  median  one  at  first  retains  its  complete 
structure;  in  its  furth^  course,  however,  its  xylem  soon  disappears,  and 
a  phloem-bundle  remains,  from  which  branches  are  given  off  to  the  group  of 
tissue  situated  in  the  centre  of  the  cucullate  apex  of  the  leaf.  The  two  lateral 
vascular  bundles  lose  their  xylem-groups  on  entering  the  leaf,  while  the 
remaining  lateral  biuidles  passing  into  the  leaf  already  leave  the  axis  in  the 
form  of  phloem-bundles.  In  C.  exaUaia  the  structure  of  the  leaf  is  similar 
to  that  of  C.  japanica.  In  the  remaining  Monostyleae  and  in  the  Distyleae 
the  structure  of  the  leaf  is  reduced  to  a  varying  extent. 

2.  NoLANEAE  (p.  573). 

According  to  Mirande  alcohol-material  of  Nolana  paradoxa  contains 
sphaerocrystaUine  masses,  consisting  of  caldum  malophosphate  and  neutral 
calcium  n^alate,  of  which  the  former  is  more  abundant. 

litentnxe :  Decalsie,  Struct  anat  de  la  Ciucnte,eCc.,  Ann.  sc  nat,  i6r.  3,  t.  v,  i8|5,  pp.  247-9. 
— Coitantin,  Tigcs  a6r.  et  aont.,  Ann.  sc.  nat,  1^.  6,  t  zvi,  1883,  p.  136  et  seq.— Gardioer,  Pctiolar 
elands  of  the  Ipomoeas,  Proceed.  Cambridge  Phil.  Soc.,  v,  1887,  p.  83^— Lamonnette,  Liber  interne^ 
Ann.  sc.  nat,  ser.  7,  t  xi,  1890^  pp.  258-60.— [Borzi,  Cristalloidi  nndeari  di  CamwhrniuSf  Contriboz. 
1st.  hot  Palermo,  Fasc.  i,  1894,  p.  65.]— [Tognini,  Stomi,  Atti  1st.  hot  Pavia,  i894.>-Conia,  Une 
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Cniciite  do  Tvkettan,  ii.  Ball.  Soc  boft  de  France,  1896^  pp.  704-90  and  pi.  xr,  zvL— Biennann, 
OlaeUctt,  Diis^  Bern,  1898,  pp.  60,  61.— Miiande,  Malate  nentre  de  Caldvm,  etc.,  Toom.  de  boi., 
1898,  p.  6  et  leq.— Miiande»  Ladcif^ret  et  tnbet  cribUt  dei  Cnicntes  monogynto»  Jomn.  de  boL, 
18^  pp.  70-80  and  8o-oo.~HaUier,  Bomiycaspermum,  Jahrb.  Hambors;.  w&i.  Antt.,  zri,  1898,  5. 
Bm.,  189Q,  pp.  59-4(a  (demonatratioD  of  Bpmhycospermum  aa  a  member  of  the  ConvolTalaceac  and 
aa  a  spedea  of  Ipamcea  bdooging  to  the  lecdoo  Ermpermum^  on  the  baaU  of  the  anatomical 
features).— BoergoMn  og  Panlaen,  vqwt.  daoak.-yeatind.  Ocr,  Bot  Tidmkrift,  xzii,  1898-9,  pp.  106, 
107  {Evohmlus  numnmktrius,  L). — ^fiaranetzky,  Faiaoeanx  bicoU.,  Ann.  sc  nat.,  Mr.  8,  L  zil,  1900, 
p.  394V— Mirande,  Rech.  phys.  et  anat.  siir  let  Cntcntaodea,  Thiae^  Parla,  1900,  184  pp.,  16  pi., 
eapcoally  p.  lao  et  aeq. ;  alao  Boll,  ic  de  U  Fiance  et  de  la  Belgiqne,  xzxr.— Beolaygne,  Calytt^ia 
S$ldtttuUa,  Thise,  Montpellier,  1901,  pp.  33-30.— [Gr^lot,  Latidftrea  de  U  fleor  dea  ConvolTnlac^ 
Nancy,  1903,  33  pp.;  abatr.  in  fiot.  Ccntralbl.,  xdi,  p.  83.]— Knothe,  Unbcnetzb.  Blatter,  Diaa., 
Heidelberg.  1903,  p.  8.— [MilUer,  Rhodiaerholz,  Phann.  Poat,  1903,  p.  431  et  aeq. ;  abatr.  in  Bot. 
CentralbL,  xcr,  p.  io7.>-Chrysler,  Strand  planta,  BoL  Gaaette,  xzzYii,  1904,  p.  461  et  aeq.  (Cm- 
vohmlusy—CoX^  Faiioeanz,  Ann.  ic  nat.,  i£r.  8,  t  zx,  1004,  P«  187.— Fh>mmel,  Plantas  text.  diQ., 


1905,  p.  43.— {K4r6hr  Rean,  Cuscmta  suavMlim^  KilMedigyi  koxlem^iyek,  Bodapeat,  viii,  1905, 
pp.  604-33,  3  tab.  (Hnnffuian) ;  abatr.  in  Just,  1905,  ii,  p.  45.]— Poiach,  Spiidtoffiiniigi^raaii  Jena, 

1905,  pp.  73,  73.— STcdelini^  Poatflor.  Wachatnm  der  Kelchbl.  ciniger  Convolviilac.,  Flora,  xcvi, 

1906,  pp.  330-59,  eapecially  p.  341  et  ieq. 

SOLANACEAE  (pp.  575-583). 

1.  Review  OF  THE  Anatomical  Features.  To  the  list  of  special  features 
found  in  certain  members  of  the  Order  we  may  add  the  occurrence  of  :  arm<* 
palisade  parenchyma  {Protoschwenkia  and  species  of  Sckwenkia) ;  oeculiar 
thickened  palisade-cells  (species  of  Dyssochrama^  JuanuUoa  and  Markea) ; 
cells  of  the  spongy  tissue  with  swollen  areas  on  the  walls  {Mdananthus  guaU- 
fnalcnsiSf  Solered.) ;  and  tannin-sacs  {Solandra  gfandifiara,  Sw.). 

2.  Structure  of  the  Leaf.  Arm-palisade  tissue  is  developed  in  Proto- 
schwenkia Mandoni^  Solered.,  as  well  as  in  Schwenkia  brasUiensis^  Poir.,  S. 
divaricatOf  Benth.,  S.  grandiflora^  Benth.,  5.  Karstenii^  Vatke,  5.  fnoUissima, 
Nees  et  Mart,  and  5.  patens^  H.  B.  K.  With  reference  to  its  differentiation 
we  may  note  that  the  folds,  which  are  united  to  form  lamellae,  as  a  rule  project 
singly  from  above  and  below  into  the  lumen  of  the  cdU  and  that  the  two 
compartments  thus  formed  in  the  palisade-cell  communicate  with  one  another 
by  means  of  an  approximately  circular  aperture.  In  Dyssochroma  viridifloray 
Miers,  JuannuUoa  auratUiaca^  Otto  et  Dietr.,  /.  membranacea^  Rusby  and 
Markea  coccinea^  Rich,  the  cells  of  the  palisade  tissue  are  distinguished  by  the 
fact  that  their  walls,  and  especially  the  longitudinal  ones,  are  strengthened 
by  means  of  thickening  ridges,  which  run  in  a  direction  parallel  to  the  length 
of  the  cell  and  are  occasionally  connected  by  means  of  transverse  ridges.  In 
Trianaea  nobtiis^  PI.  et  Lind.  and  T.  speciosa,  Solered.  the  mesophyll,  and 
especially  the  spongy  tissue,  includes  sderosed  cells.  In  MelanatUhus  guaie-t 
tnalensisy  Solered.  the  spongy  tissue  likewise  exhibits  a  peculiar  type  of  struc- 
ture ;  at  certain  points  the  walls  of  the  ceUs  show  swellings,  recalling  the 
thickened  parts  of  the  wall  in  collenchymatous  tissue  (Solerraer). 

In  the  species  of  Datura  (sect.  Brugfnansia)  examined  by  li^^erheim  the 
lower  epidermis  of  the  leaf  contains  chlorophyll.  The  stomata  in  the  spedes 
of  Trianaea  are  distinguished  by  having  peculiar  coma-shaped  depressions,  which 
are  situated  at  both  ends  of  the  two  guard-cells  and  run  obliauely  to  the  direc- 
ticMi  of  the  pore,  the  thickened  part  of  the  coma  being  oirected  outwards 
(Solereder). 

No  new  tjrpes  of  hairs  (see  p.  576)  have  been  recorded.  I  have  observed 
branched  multicellular  hairs  also  in  Anihocercis  albicans^  A.  Cunn.,  A.  littarea, 
Labill.,  A,  tasmannica^  Hook,  fil.,  Anthotroche  pannosa,  Endl.,  JuanuUoa 
membtanacea,  Rusby,  /.  Sarsii^  J.  D.  Smith,  Solandra  grandiflora^  Sw.  (here 
side  by  side  with  unbranched  hairs) ;  according  to  Kearny  they  occur  also  in 
Physalis  viscosa^  L.  (here  showing  dichotomous  branching).    Combined  clothing 
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and  glandular  hairs  occur  in  Solandra  grandiflora,  the  branched  trichomes  of 
this  species  commonly  bearing  spherical  glandular  cells  at  the  ends  of  their 
branches.  Hairs  of  this  type  are  found  also  in  Nicotiana  Tabacum^  but  in  this 
species  the  glands,  borne  on  the  branched  trichomes,  are  both  unicellular  and 
multicellular.  External  glands  having  a  unicellular  head  have  recently  been 
observed  also  in  species  of  Datura  belonging  to  the  section  Brugmansia  (here 
side  by  side  with  glands  having  multicellular  heads),  in  Isandra  Bankroftti^ 
F.  V.  M.  and  Protoschwenkia  Mandoni  (here  together  with  glands  having  multi- 
cellular heads) ;  glands  having  a  multicellular  ellipsoidal  head,  divided  by 
horizontal  walls  only  or  both  by  horizontal  and  vertical  walls,  have  been  found 
also  in  species  of  Anthotroche  (with  rather  long  stalks),  Protoschwenkia  (with 
stalks  of  varying  length),  and  Dyssochrotna^  JitanuUGa,  Markea^  Solandra^ 
Trianaea  (stalks  in  these  cases  short).  The  cells  of  the  external  glands  occa- 
sionally {NicoHatM  Tabacum)  contain  oxalate  of  lime  in  the  form  of  small 
dustered  crystals. 

For  the  spines  of  Datura  and  Solanum^  in  the  formation  of  which  ground 
tissue  participates,  see  also  LotheUer  and  Mittmann. 

The  tannin-sacs  above  mentioned  are  stated  to  resemble  those  of  the 
Leffuminosae  and  have  been  recorded  by  Pistone  in  the  stem  and  root  of 
Solandra  grandifiora. 

To  the  earlier  statements  regarding  the  occurrence  of  oxalate  of  lime  in 
this  Order  we  may  add  that  typical  crystal-sand  has  now  been  demonstrated 
also  in  Dyssockroma,  JuanuUoa^  Markea  and  Trianaea^  and  that  in  Proto- 
^dwenkia  oxalate  of  lime  occurs  only  in  the  axis,  being  present  in  the  form 
of  a  crystal-sand  composed  of  fusiform,  prismatic  or  acicular  crystals  of  varying 
size.  In  Anthotroche  pannosa,  as  well  as  in  other  members  of  the  Order,  the 
typical  crystal-sand  includes  relatively  large  tetrahedral  crystals  (Solereder). 

3.  Structure  of  the  Axis.  Recent  observations  have  shown  that  the 
vascolar  system  exhibits  bicoUateral  differentiation  also  in  Protoschwenkia 
and  Trianaea  (cf .  footnote  3  on  p.  579). 

Leisering's  recent  investigations  have  likewise  failed  to  completely  elucidate 
the  mode  of  development  of  the  interxylary  phloem  (see  p.  580).  The  latter 
occurs  also  in  the  wood  of  the  root  of  BrowMia  viscosa,  H.  B.  K.  (Scott. and 
Brebner),  and  in  the  rhizome  of  Atropa  Belladonna  (Beauvisage). 

The  wood-prosenchjmia  bears  bordered  pits  in  Protoschwenkia^  and  simple 
pits  in  Trianaea.  In  both  genera  the  perforations  of  the  vessels  are  simple,  and 
the  medullary  rays  of  the  wood  narrow. 

To  the  section  dealing  with  the  structure  of  the  cortex  (p.  581)  we  may 
add  that  the  development  of  the  cork  commences  in  the  epidermis  also  in 
Protoschwenkia. 

literatuxe:  Uhlworm,  Entwicklungsgeach.  d.  Trichome,  Bot.  ZeiL,  1873,  p.  801  et  ieq.~> 
Coctmtiii,  Tiges  a^.  et  sont,  Ann.  sc.  nat.,  Ur.  6,  t.  xvi,  1883,  p.  13a  et  leq.— Kassner,  Mark, 
DiflB.,  Basel,  1884,  pp.  23-5.— Radlkofer,  Beitr.  z.  afrik.  Flora  (1883),  Abh*  natnrwus.  Ver.  Bremen, 
viii,  18849  p.  437,  footnote  (refers  to  the  Interxylary  phloem  of  Atropa  Belladonnd). — Mittmann, 
Pflanxenstacnein,  Verb.  Ver.  Maik  Brandenburg,  1888,  p.  66.— Beauvisage,  Faisc.  eribl^  dans  le  bois 
sec.  de  la  Belladonne,  Joam.  de  bot.,  1891,  pp.  161-3. — Lamonnette,  Liber  interne,  Ann.  sc  nat, 
s6r.  7,  t  zi,  1891,  pp.  353-5.— Scott  and  Brebner,  Internal  phloem,  Ann.of  Bot^  1891,  pp.  265-9. — 
LotheUer,  £iHnet»  Tli^,  P^s,  1893,  p.  35.— Bebiens,  TafnkbUtt,  Landwirtschaftl.  Versochsstat., 
xliii,  1804,  p.  371  et  seq.— [Nevinny,  Scopolia,  Pharm.  Post,  1894,  p.  333  etseq. ;  abstr.  in  Jnst,  1894, 
X,  p.  483.]>-[Pistoiie,  Solandra^  Contribnz.  1st.  bot.  Palermo,  i,  1894.  PJE'  1^9'^^*  <^^^*  ^  J^^ 
1894,  i,  p.  371  et  seq.]— [Tognini,  Stomi,  Atti  1st.  bot.  Pavia,  1894.V- Tswett,  Anat.  de  Lycium^ 
BnlL  Herbier  Boissier,  1894,  pp.  175-9.— Lagerfadm,  Brugmansia,  Pers.,  in  Engler,  Bot.  Tahrb., 
xz,  1895,  pp.  6c6^  657.— Sabria,  Belladonne,  These,  Montpellier,  1895,  pp.  17-31.— Went,  Haft-  n. 
Nlhrwnrzehi,  Ann.  Jaidin  Baitenzoig,  zii,  1895,  P*  59«--[Johnson,  Solanum  carolinmse,  Americ. 
JoQin.  of  Pharm.,  1897,  ^*  ^  **  ^^^^^^'  ^  J^^'  '^97»  *^h  P*  5> ;  root  with  anomalous  structnre  and 
other  curious  statements !]— iSchnbert^  Parenchymscheiden,  Bot  Centralbl.,  1897,  i^>  P*  ^'* — 
Solereder,  Zwei  Beitr.  z.  Syst  d.  Solanaoeen,  Ber.  dentsch.  bot  Gesellsch.,  1898,  pp.  243-60.—. 
Bocrgeaen  og  Paulsen,  Veget.  dansk-Vestind.  Oer,  Bot  Tidsskrift,  xxii,  1898-9,  pp.  90  and  93 
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(5MkmvjR).— Hindi,  Entwiddn^  d.  Hane,  Dia^  Berik^  1899,  p.  32.— Leuenng,  Intencyfim 
,  Dm,  Bed^  1890,  pp.  jo-ss-'Minden,  WfciicT.  Org.,  BibL  bot.  Heft  jiS,  1899,  p.  38 


Stram^mum,  BnlL  Toncj  BoL  Clob^  1900,  p.  37 ;  abrtr.  in  Just,  1900,  ii,  p.  89.}— Tmrnyum, 
SeioctdniMn,  Div.,  Ben,  1900,  pp.  33-6.— ThonMiyFeBiUessoaL,  Tbeae,  I^m,  ij^oa— {Haztwii^ 
Vol  d.  Folia  Bdladonnae,  Schweiaer.  Worhrmrhr.  t  Chemie  «.  Phaim.,  1901,  p.  430 ;  abitr.  in 
Tat,  looi,  ii,  p.  47.]— Petenen,  Vedmatoaii,  1901,  p.  83.— Siim-Jenaen,  Hyscyamms  mgtr^  BOiL 
bot.  Heft  51, 1901,  90  pp.,  6  Tah.<-(Baine^  Potato,  Amu  Report  and  TnuL  North  Stafibrdshiie 
Fidd  Clob,  zxsrrii,  1903-3,  pp.  96-io6.>-j{Geieniicca,  JmanmUwx  imnmiuua^  BcXL  Soc  Nat. 
Napoli,  ler.  i,  xr,  1903,  pp.  61^6  and  tab.  ifi-T ;  abitr.  in  Bot.  CentimlbL,  xdi,  p.  i.J— {Marodlo^ 
lit.  di  ale  S^/amtM^  CaTa  dci  lineni,  1903,  pi  lo^  tabi ;  abstr.  In  BoL  CcntialbL,  xcui,  p.  161.] — 
Martel,  Notei  mr  Tanat.  dea  Solanac./jo""'  ^  bot,  1903,  ppu  311-14.— Theorin,  Vazttiidiom., 


AikiT  for  Bot,  i,  1903,  p.  155.— C^,  PUaoeaaz  Ann.  ic  nat,  i^.  8,  t.  xz,  1904,  p.  104.  t 

Pads,  Eterofillia,  NnoTO  Giom.  bot  Ital.,  N.  S.,  zi,  1904,  p.  3aa~Viict,  liaiiont  dn  p^^ 

etc.,  Inititnt  debot  Gcn^  1904,  ppb64-7a— Thcorin,  Vazttxkhom.,  AildT  for  Bot,  lii,  n.  5, 1904, 


Pads,  Eterofillia,  NnoroGiom.  bot  Ital.,  N.  S.,  zi,  1904,  p.  3aa~Virrt,  liaiiont  dn  phloteem^ 
f  Inititnt  de  bot  Gcn^  1904,  ppb  64--7a — Theorin,  Vazttxkhom.,  AildT  for  Bot ,111,  n.  3, 
3 ;  and  loc.  dt,  iv,  n.  18,  1905,  p.  21.— [Maicello,  Ric  anat  preL  snUa  Cx^cmamtbv  Ae 
dtn..  Boll.  Soc  Nat  Napoli,  jdz,  1906,  pp.  i42*9.}--[For  ftnther  Ittentnre,  see  p.  Ii7>0 


SCROPHULARINEAE  (pp.  583-589). 

2.  Structure  of  the  Leaf.  The  peculiar  hydathodes  of  HerpesHsr 
Mofmieria,  H.  B.  K.,  which  are  described  by  Boergesen  and  Areschoug  and 
consist  of  a  small  conical  cell  situated  above  an  ordinary  epidermal  cell,  require 
further  investigation.  The  same  applies  to  the  stalked  dub-shaped  bodies 
resembling  cystoliths,  observed  by  Ward  and  Dale  in  Craierostigma  pumilum^ 
Hochst.,  where  they  are  found  attached  to  the  outer  wall  of  the  epidennal  cells. 
Isolated  stomata  are  found  on  the  scale-leaves  in  the  parasitic  form,  Hyobanche 
sanguinea  (Chatin). 

According  to  Heinricher  protein-crystals  are  found  embedded  in  the  nuclei 
in  all  the  organs  of  LaOiraea  and  Tozzia  ;  in  Latkraea  they  occur  also  in  the 
protoplasm  and  in  the  leucoplasts.  Red  granules  of  a  substance  not  quite 
identical  with  carotin  have  been  demonstrated  in  CraUrostigma  pumuum; 
they  are  chiefly  found  as  a  lining  to  the  intercellular  spaces  in  the  cortex  of  the 
root,  bcdng  the  cause  of  the  coral-red  coloration  of  the  latter,  but  they  also 
occur  in  tne  aids  in  the  same  position  as  in  the  root  and  in  the  lower  half  of 
the  mesophyll  of  the  leaf.  Rothert's  and  Zalenski's  (Bot.  Centralbl.,  1899, 
iv,  p,  240)  statement  as  to  the  presence  of  styloids  in  the  pith  and  cortex  of 
PhyUopodium  {*  P.  rigidum ')  still  awaits  confirmation. 

Glandular  hairs  of  the  ordinary  type  are  present  also  in  Peliostomum 
(Weber). 

3.  Structure  of  the  Axis.  In  Capraria  biflara^  L.  Ph.  Wagner  records 
subepidermal  development  of  the  cork,  isolated  groups  of  bast-nbres  in  the 
pericycle,  and  groups  of  stone-ceDs  in  the  pith.  In  Herpestis  Monnieria  Duval 
mentions  the  occurrence  of  peculiar  mecbanical  ceUs  situated  in  the  lacunar 
tissue  of  the  primary  cortex;  these  elements  are  parenchymatous  in  shape 
and  are  provided  with  ridge-like  thickenings.  According  to  Weber  the  peri- 
cycle contains  isolated  bundles  of  fibres  or  a  more  or  less  interrupted  ring  of 
fibres  in  Aptosimum  and  PeUostomum^  while  in  some  of  the  species  of  Peliosto- 
mum (P.  ariganoides,  E.Mey«,  P.vitgabum^  E.  Mey.,  P.  viscosum^  E.Mey.)  sub- 
epideiinal  groups  of  fibres  are  f  ouna  in  the  tips  of  the  branches,  although  not 
ot  constant  occurrence  even  in  one  and  the  same  species. 

Literatare:  Cottantiiiy  Tiget  a^r.  et  soat,  Ann.  sc.  nat,  8^.  6,  t.  xri,  1883,  p.  125  etsej).— 
Coitantin,  Tim  <Lpl.  aqnat,  Ann.  sc.  nat,  wkr,  6,  t  six,  1884,  p.  387  et  sea.  ana  pi.  xvi,  xrii.— « 
ScheHlel,  in  Bot.  Zeit.,  1890,  p.  417  et  seq.^Stock,  ProteinkrysuUe,  in  Cohn,  Bdtr.,  vi,  185^3,. 
p.  313  «t  seq.— [Breithavpt,  Struct  of  Leftandra^  Phann.  Jonm.,  Ixix,  1897,  n.  5  {Veromica 
virgimcoy  L.) ;  abstr.  in  Just,  1897,  ii,  p.  54.J— Schubert,  Parenchymscheiden,  Bot.  CenUalbL,  1897, 
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iTy  p.  6a. — ^Ph.  Wagner,  Neuere  Drogen,  Diss.,  Erlangeo,  1897,  pp.  35-47  {Caprttria  Hflord),^ 
Weiniowsky,  Scheitdoffn.  bei  Wasserpn.,  Diss.,  Berlin,  1898,  p.  33  {Veronica  AnagaUis), — Hinch, 
£ntwickl.  d.  Haare^  Diss.,  Berlin,  1899,  p.  a8. — ^LaTadonz,  Appareil  piliftre  des  Verbaso^es,  Jonra. 
de  Bot  1899,  PP*  316-18.— Minden,  WasserKz.  Org.,  BibL  bioi..  Heft  46,  1899,  p.  36.— Ward  and 
Pale,  CraUrostigma  pumilum.  Transact  Linn.  Soc.,  t,  1899,  PP*  343~55  <^^  P^«  xxxW,  xxxv. — 
Heiniicher,  Eiweisskrystalle  bei  ZoM/voi,  in  Piingsheim  Jahrliw,  zzxv,  1900,  pp.  25-46. — Keamy,  in 
Contribnt.  U.  S.  Nat.  Herb.,  v,  n.  5,  1900,  p.  305  {Herfestis  Mamtieria). — Tliomas,  Fenilles  soat, 
Th^,  Paris,  1900. — Heinricher,  .^^t.  d*  Tosaiay  in  Pnngsheim  Jahrb.,  xxxvi,  isjoi,  pp.  713-27. — 
Pitard,  P^cycle,  These,  Bordeaux,  1901,  p.  89. — Axeschoug,  Mangrovepfl.,  Bibl.  bot,  Heft  56, 
190a,  pp.  78,  79,  Tab.  viii.— Sperlich,  Inhaitsst  in  den  Sangorg.  d.  er.  Khinanthac,  Beih.  z.  bot 
Centraibl.,  zi,  190a,  p.  437  et  seq. — [Armari,  Piante  della  leg.  medit.,  Ann.  di  Bot.,  i,  1903,  p.  17  et 
seq.  (ZfffOfM).] — ^Theorin,  Viixttrichom.,  Arkiv  for  Bot,  i,  1903,  p.  155. — Col,  Faisceanx,  Ann.  so. 
nat,  s^.  8,  t  xxy  1904,  p.  iii.^Fieidenfeldt,  Anat  Ban  d.  Wnrsel,  Bibl.  bot,  Heft  61,  1904, 
ppb  7i-3.--Siissengnth,  Beluumingsrerh.  d.  Wurzb.  Mnschelkalkpfl.,  Diss.,  Wiirzbnrg,  1904,  pp.  45, 
40. — ^Theorin,  Vaxttrichom.,  Arldv  for  Bot,  iii,  n.  5,  1904,  pp.  16  and  a8.^Dagiiillon,  LinaHa 
striato-vulgaris^  ReTue  g^.  de  bot,  1905,  pp.  508-18. — ^Porsch,  Spaltoffnnngsapparat,  Jena,  1005, 
pp.  65-8. — Weberbaner,  Veget  d.  Hochanden  Perns,  in  Engler,  Bot  Jahrb.,  xxxvii,  1905,  p.  (x>  et 
seq.—Dnval,  Jaborandis,  in  Perrot,  Travanx,  iii,  1906,  pp.  90-4  (JJerpestis), — [Bohny,  ZHgitaliS' 
Blatt,  Diss.,  Zlirich,  1906.] — ^Picdoli,  Legnami,  Bnll.  Siena,  1906,  p.  176. — £.  Weber,  Aptosimum 
und  Peliostomum,  Beih.  z.  bot  Centraibl.,  xxi,  Abt.  a ;  also  Diss.,  ZQrich,  1906,  loi  pp.,  3  Tab. 
— Sperlich,  Zellkeinkrystalloide  von  Alutorotophus^  Bdh.  z.  bot.  Centraibl.,  xxi,  Abt  i,  1907, 
p.  I  et  seq.— Kranzlin,  in  Pilanzenreich,  Heft  a8,  1907,  p.  a.— [Hnched^,  V^roniqnes  et  Gratiole, 
Thte,  Paris,  1907, 137  pp. ;  also  in  Perrot,  Trayanx,  v.] 

OROBANCHACEAE  (pp.  589-591). 

Among  the  Orobanchaceae,  which  have  a  single  ring  of  vascular  bundles 
in  their  axis  (cf.  p.  590),  we  may  include  AphyUon  untflorum^  Gray,  in  which 
the  bundles  form  a  more  or  less  continuous  ring  (A.  C.  Smith).  Cooke  and 
Schiveley's  statement  as  to  the  occurrence  of  bicollateral  vascular  bundles 
in  the  stem  of  Epiphegus  virginianus  requires  confirmation,  the  more  as  the 
authors  named  did  not  observe  distinct  sieve-plates  even  in  the  outer  phloem. 

Contrary  to  the  earlier  statement,  stomata  are  found  on  the  floriferous 
axis  (although  not  on  the  leaves)  in  Conopholis  americana ;  they  are  also 
present  in  AphyUon  uniflorum^  where  they  occur  on  the  axes,  bracts  and 
floral  organs. 

Literature  :  Ducharte,  Anat.  de  VOrobanche  Eryngii,  Ann.  sc.  nat,  s^r.  3,  t.  iv,  1845,  pp.  74-9. 
—Lory,  Resp.  et  struct  d.  Orobanch.,  Ann.  sc.  nat,  sir.  3,  t.  ▼iii,  1847,  pp.  i58-7a. — Wilson, 
Conatholis  americana,  Contribnt.  Bot.  Laborat.  Pennsylvania,  ii,  n.  i,  1898,  pp.  3-19,  pi.  i-vi. — 
A.  C  Smith,  AphylUn  unijlorum,  Contribnt.  Bot  Laborat.  Pennsylvania,  ii,  n.  a,  1901,  pp.  iii-ai, 
}>1.  xiii-xv. — Cooke  and  Schiveley,  Epiphegus  virginiana,  Contribnt.  Bot  Laborat.  Pennsylvania, 
li,  n.  3, 1904,  pp.  35a-98,  pi.  xxix-xxxii. — ^Porsch,  SpaltOfbungsapparat,  Jena,  1905,  pp.  60-5. 

LENTIBULARIEAE  (pp.  591-598). 

To  the  review  of  the  anatomical  features  we  may  make  the  following 
additions.  In  connexion  with  the  remarks  on  the  uniform  type  of  structure 
shown  by  the  glandular  hairs,  we  may  note  that  in  place  of  a  single  stalk-cell 
there  may  be  several.  Dissociation  of  the  vascular  bundles  of  the  stem  into 
xylem-  and  phloem-groups,  which  are  independent  of  one  another,  occurs  also 
in  Polypompholyx  \ 

I.    PINGUICULA  (pp.  591,  592) 

The  structure  of  the  leaf  in  P.  vulgaris  has  recently  been  examined  by  Fenner. 
In  rectification  of  the  earlier  statements  we  may  first  mention  that  cnlorophyU 
is  found  in  the  epidermis  of  the  leaf  in  the  neighbourhood  of  the  midrib,  and  that 
stomata  are  present  on  both  sides  and  are  even  more  abundant  on  the  upper  side ; 


^  For  Byblis^  which  has  been  transferred  to  the  Lentibnlarieae  by  Lang,  lee  nnder  Droseraceae, 
p.  91a. 
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they  are  absent  only  from  the  marginal  zones  on  both  sorf aces  of  the  leal  The 
gUmdnlar  hairs  occurring  on  the  upper  side  of  the  leaf  are  either  stalkedjor  sessile^ 
The  stalked  glands,  which  function  as  organs  for  the  capture  of  the  insects,  consist 
of  fi)  a  basal  cell,  (2)  a  stalk  composed  of  one  to  three  cells,  (3)  a  columella-cdl, 
and  (4)  a  head  comprising  16  radially  arranged  cells.  The  shortly  stalked  glands 
have  a  basal  cell,  a  stalk-cell,  and  a  glandular  disc  of  4  or  8  cdls ;  these  are  the  (glands 
which  perform  the  actual  process  of  absorption.  The  same  function  is  earned  on 
also  by  one  to  four  rows  of  upper  epidemud  cells  lying  next  to  the  margin  of  the 
leaf  and  styled  glandular  cells  oy  Fenner.  The  lower  side  of  the  leaf  only  bears 
small  external  glands,  which  are  provided  with  a  head  comj^osed  of  four  cells  and 
function  as  hydathodes.  Features  deserving  special  mention  are  the  sieve-like 
perforation  of  the  cuticle  of  the  glandular  head,  and  the  fact  that  tracheae  of  the 
vascular  system  extend  up  to  all  the  glands  (both  sessile  and  stalked)  on  the  upper 
side  of  the  leaf.  Multicdlular  tiichomes,  which  do  not  have  a  secretory  function, 
occur  on  the  petiole  and  on  the  base  of  the  lamina ;  these  hairs  either  consist 
of  a  row  of  3-0  cells  or  bear  a  rudimentary  head,  whidi  is  unicellular  or  composed 
of  a  small  number  of  cells  ;  the  nuclei  in  these  hairs  contain  crystalloids.  According 
to  Russow  and  Klein,  moreover,  nuclear  crystalloids  are  found  also  in  the  epidermis 
of  the  leaf,  &c. 

2.    GENLISEA  (pp.  592-594). 

For  the  structure  of  the  asddiform  leaves  of  G.  vto/o^a,  St.  HiL,  which  is 
essentially  the  same  as  in  G.  omata^  see  Goebel,  loc.  dt. 

3.  UTRICULARIA  (pp.  594-597). 

The  most  important  point  in  Meierhofer's  recent  investigations  on  the  anatomy 
of  the  bladders  is  the  statement  that  there  is  no  stalk-cdlin  l£e  two-armed  glandular 
hairs  (with  upwardly  directed  arms)  occurring  on  the  inner  wall  of  the  lower  lip 
(which  faces  the  interior  of  the  bladder)  and  in  the  four-rayed  absorptive  glands  on 
the  '  inner  wall  of  the  bladder.'  According  to  Meierhofer  the  apparent  stalk  in  the 
two  types  of  hairs  is — ^in  Utriculana  vulgaris  at  least — ^formed  by  the  lower  portions 
of  the  2  or  4  ray-cells,  which  are  narrowed  so  as  to  resemble  a  stalk.  According 
to  the  same  authority,  moreover,  the  lid  in  U.  vulgaris,  which,  like  that  of  U.  fUxuosa, 
is  composed  of  two  layers  of  cells  provided  with  pecuUar  stifiening-mecnanisms» 
bears  glands  which  for  the  most  part  consist  of  three  cells,  the  head  being  unicellular 
and  of  varied  shape,  viz.  spherical,  ellipsoidal  or  like  the  terminal  portion  of  a  two- 
armed  hair.  In  some  cases  the  head  of  these  glands  is  bicellular  owing  to  the 
presence  of  a  vertical  wall,  or  the  stalk-cell  (joint-cell)  undergoes  secondary  division 
into  four  cells  by  means  of  vertical  walls.  The  four-armed  absorptive  glands* 
which  occur  on  the  inner  wall  of  the  bladder,  may  be  used  as  a  means  of  distinguishing 
the  species  ;  in  Utricularia  Bremii»  Heer  they  show  the  same  arrangement  of  the 
ray-cells  as  in  l^.  minor  (see  Fig.  139,  D,  on  p.  596),  while  in  U.  inUrmedia,  Hayne 
the  rav-cells  are  arranged  in  pairs  in  two  parallel  rows  in  the  same  way  as  in  U.  moH" 
tana  (Fig.  139,  E).  On  the  surface  of  the  bladder  of  U.  intermedia  Meierhofer 
observed  glandular  hairs  with  4-celled  heads  in  addition  to  those  having  2-celled 
heads. 

4.  POLYPOMPHOLYX  (p.  597) 

The  anatomy  of  this  genus  of  the  Lentibularieae  was  hitherto  tittle  known ; 
two  Western  Australian  species,  P.  mulHfida,  F.  v.  Mull,  and  P.  ienella,  Lehm.» 
have,  however,  recently  been  examined  by  Lang.  The  two  species  agree  with  one 
another  as  regards  their  anatomy. 

In  the  structure  of  the  aada  the  vascular  system  is  specially  distinguished 
by  the  absence  of  proper  vascular  bundles,  the  xylem-  and  pnloem-groups  running 
independently  of  one  another  as  separate  strands.  The  xylem-  and  phloem-bundles 
are  present  in  equal  numbers,  the  former  consisting  only  of  one  vessel  apiece* 
while  the  phloem-bundles  comprise  a  groop  of  smaJl  cells  including  sieve-tubes. 
Both  kinds  of  bundles  are  inserted  in  a  rmg  of  sderenchyma  composed  of  cells 
resembUng  fibres ;  on  their  inner  side  these  cells  merge  into  a  pith  made  up  of 
large  cells.    The  bundles  alternate  with  one  another  tike  the  wood-  and  bast-groups 
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in  the  radial  vascular  system  of  a  root,  the  phloem-bundles  lying  at  the  periphery 
of  the  sderenchymatous  ring  and  bordering  on  the  sheath  of  large  parenchymatous 
cells  which  adjoms  the  ring  of  sderenchyma  on  its  outer  side.  The  primary  cortex 
contains  intercellular  spaces  which,  near  the  points  of  insertion  of  the  leaves  and 
stolons,  are  of  large  size  and  are  arranged  in  a  ring ;  they  are  separated  from  one 
another  by  lamellae  composed  of  a  single  layer  of  cells,  and  border  on  the  sub- 
«pidermal  layer  extemaUy  and  on  the  sheath  of  large  parench3rmatous  cells  internally, 
llie  vascular  system  of  the  stolons  consists  of  a  single  bundle  lowing  concentric 
structure,  the  middle  being  occupied  by  a  soUtary  vessel,  the  place  of  which  is 
subsequently  taken  by  an  intercellular  space. 

Tne  foliage-leaves  have  epidermal  cells  (occasionally  containing  chlorophyll) 
with  more  or  less  undulated  lateral  walls  and  bear  stomata  on  both  sides.  The 
mesophyll  is  homogeneous  and  is  provided  with  cavities  which  are  particularly 
promment  on  the  lower  side  and  attain  considerable  vddth  in  the  neighbourhood 
of  the  petiole.  The  solitary  median  vascular  bundle  of  the  \esl  contains  only 
one  vessel  and  is — at  least  at  certain  points  of  its  course-— collateral.  The  hairy 
covering  of  the  leaf  is  constituted  by  external  glands  consisting  of  three  cells,  viz. 
a  sunken  basal  cell,  a  stalk-cell,  and  a  capitate  ceU  secreting  mucilage. 

For  the  shape  of  the  ascidiform  leaves  or  bladders,  see  p.  597.  The  wall  of  the 
bladder  consists  of  four  layers  of  cells  and  is  traversed  bom  on  the  dorsal  and 
ventral  side  by  a  well-difEerentiated  vascular  bundle,  running  in  l^e  median  plane. 
The  outer  wall  of  the  bladder  bears  the  ordinary  3-celled  nands,  while  at  points 
situated  opposite  the  dilate  margin  of  the  cap  one  finds  bristle-hairs  like  those 
occurring  on  the  latter  and  consisting  of  a  basal  cell,  a  short  stsdk-cell  and  a  long 
terminal  cell.  The  inner  wall  of  the  bladder  is  occupied  by  the  same  characteristic 
four-armed  absorptive  hairs,  as  are  found  in  XJttictuaria  ;  in  the  species  examined 
by  Lang  the  arms  of  these  hairs  are  arranged  in  the  form  of  an  x .  The  wing-like 
extensions  of  the  cap  have  the  ordinary  external  glands  on  their  outer  surface, 
while  the  inner  surface  bears  numerous  glands  secreting  mucilage  and  exhibiting 
all  transitions  between  the  ordinary  capitate  glands  and  glandular  hairs  with 
flageUiform  terminal  cells  ;  the  terminal  cell  may  be  spherical,  ellipsoidal  or  clavate 
or  in  extreme  cases  flageUiform.  The  inner  wall  of  me  stalk,  which  here  likewise 
participates  in  the  formation  of  the  wall  at  the  entrance  to  the  bladder,  also  bears 
glands  with  terminal  cells,  which  are  flageUiform  and  are  often  bent  in  the  form 
of  a  crook  ;  in  addition  to  these  one  finds  glands  with  two-armed  terminal  cdls,  the 
arms  being  placed  paraUel  to  the  surface.  The  inner  waU  of  the  '  Ud,'  which 
is  composed  of  two  layers  of  cells,  strengthened  by  means  of  annular  or  spiral 
thickening  bands,  and  the  inner  waU  of  the  '  lower  lip  '  ('  Widerlager  ')  are  likewise 
occupied  by  numerous  flageUiform  mudlage-hairs.  On  those  parts  of  the  lip,  which 
are  situated  nearer  the  interior  of  the  bladder,  the  mudlage-hairs  are  replaced  by 
glands  with  two-armed  panduriform  heads  divided  by  a  transverse  wall  into  two 
ceUs,  while  the  place  of  the  mudlage-hairs  on  the  lower  lip  is  taken  by  a  tesseUated 
epitheUum  composed  of  dosely  crowded  capitate  glands  of  the  ordinary  type. 
lonaUy,  on  that  part  of  the  lower  Up,  which  faces  the  interior  of  the  bladder,  we 
find  the  same  two-armed  glands  provided  with  upwardly  directed  arms,  as  occur  in 
Utricularia  flexuosa,  &c 

litenitnre :  J.  Klein,  Zellkeme  tod  JHtiguicula  a.  Utricuiaria^  Bot.  Centnlbl.,  1880,  iii, 
pp.  1401-4.— Rnssow,  Krystalloide  bd  PinguietUa,  Sitz.-Ber.  Dorpat.  natorf.  Getellsch.,  1880,  pp.  417, 
418.— Goebd,  GtnUsea^  Flora,  1893,  pp.  ao8-ia.~[Endo,  Utncularia  bifida ^  Bot.  Magaz.  Tokyo, 
zii,  1898,  pp.  1-4,  I  pl.>-Weiiirow8ky,  Scheitdoffa.  bd  Waaierpfl.,  Dias.,  Berlin,  1898,  p.  30.— 
Meister,  Utricularia,  BiUl.  Herbier  Boiider,  1900,  n.  la,  40  pp.,  Tab.  i-iv.— Lang,  Pohpompholyx 
n.  BybliSf  Flora,  1901,  pp.  i5a-66,  Tab.  xii. — Meierhofer,  Utricularia-'SiBaaiy  Flora,  190a, 
pp.  84-113,  Tab.  ii-v.—Dnuilly,  in  Assoc.  fran9.  Ajacdo,  190a,  p.  457. — Fenner,  Lavbbl.  q.  Drttien 
«iniger  Inaektivoren,  Flora,  1904,  p.  335  et  seq. ;  also  as  Din.,  Zfliidi,  especially  pp.  6-ao^ 
Tab.  7i-viii. 

COLUMELLIACEAE  (p.  598). 

Van  Tieghem  has  recently  examined  the  remaining  known  species,  viz. 
ColumeUia  oblonga^  Ruiz  et  Pav.,  C.  obovata^  Ruiz  et  Pav.  and  C.  sericea,  H.  B.  K. 
In  these  species  he  records  the  following  features  which  agree  with  those  observed 
by  me  in  C.  serrata,  Rusby  : — uniseriate  medullary  rays  in  the  wood ;  peri- 
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cyclic  development  of  the  cork»  which  has  the  same  composition  as  in  C.  serrata ; 
absence  of  secondary  hard  bast ;  clustered  crystals  of  oxalate  of  lime  ;  bifacial 
leaf-structure ;  stomata  confined  to  the  lower  side  of  the  leaf  and  without 
subsidiary  cells ;  simple  unicellular  clothing  hairs  adpressed  to  the  surface 
of  the  plant ;  no  glandular  hairs  ;  and  lastly,  in  all  the  species,  a  single  layer 
of  hypoderm  on  the  uppjer  side  of  the  leaf. 

The  following  details  may  still  be  added.  The  mode  of  development  of 
the  cork  in  Columellia  obovata  recalls  that  in  Dodonaea  (Order  :  Sapindaceae). 
The  pericycle  is  parenchjonatous.  One  of  the  outer  layers  of  pericyclic  cells 
gives  rise  to  the  nrst  pheUo^en  and  forms  a  periderm  on  its  outer  side  in  which 
there  is  a  regular  alternation  of  layers  of  suberized  cells,  showing  marked 
radial  elongation,  and  small  fiat  cells  with  cellulose  walls,  which  sut^equently 
become  sclerosed.  This  is  followed  by  the  development  of  a  first  continuous 
'ring  of  fibres  from  pericyclic  tissue  adjoining  the  cork-cambium ;  the  first 
phellogen  then  ceases  to  be  functional  and  a  second  one  arises  on  the  inner 
side  of  the  ring  of  fibres  from  tissue  belonging  either  to  the  pericycle  or  to 
the  bast ;  this  second  phellogen  produces  a  new  periderm,  the  structure  of 
which  is  identical  with  that  of  the  first-formed  one.  While  the  second  peri- 
derm is  in  course  of  formation  a  second  rin^  of  sclerenchjona  is  differentiated 
on  the  inner  side  of  the  second  cork-cambmm ;  internal  to  this  sclerenchy- 
matous  ring  a  third  cork-cambium  is  produced  after  the  activity  of  the  second 
has  been  brought  to  a  close,  and  so  on.  In  the  other  two  species  Van  Tieghem 
observed  noteworthy  modifications ;  thus  in  C.  sericea  the  (firet)  ring  of  pericyclic 
fibres  is  present  before  the  development  of  cork  commences,  while  in  C.  obkmga 
it  continues  to  thicken  for  some  considerable  time  before  the  second  phellogen 
appears.  In  the  three  species,  which  he  examined.  Van  Tieghem  also  records 
an  endodermis  composea  of  large  cells  with  lignified  radial  walls  and  situated 
on  the  outer  side  of  the  pericyde.  The  leaf  is  supplied  by  a  vascular  bundle, 
taking  the  form  of  an  arc  of  wood  and  bast.  The  vascular  bundle  found  in  the 
median  vein  of  the  leaf  is  provided  with  an  arc  of  fibres. 

Literature :  Van  Tieghem,  Colvmelliacdes,  Ball.  Mos.  d*hist.  nat,  1903,  pp.  333-9 ;  and  Ann. 
sc.  nat.,  s^r.  8,  t  xviii,  1903,  pp.  155-64. 

GESNERACEAE  (pp.  599-601). 

To  the  Summary  of  the  Anatomical  Features  of  the  Gesneraceae  we 
may  add  the  following  details.  Typical  bundles  of  raphides  occur  in  Napean- 
tiMS  repenSf  J.  D.  Smith  (genus  novum  Gesneracearum) ;  true  cystoliths  have 
been  observed  in  the  two  very  closely  related  genera  Klugia  and  Rhynchoglossum ; 
secretory  canals,  developed  in  relation  to  the  vascular  bundles  of  the  leaf  and 
stem»  as  well  as  medullary  vascular  bundles  in  the  stem,  are  found  likewise  in 
Klugia  and  Rhynchoglossum^  the  medullary  bundles  being  present  also  in  Mono- 
phyllaea  and  Coleus ;  a  single  cortical  vascular  bundle  occurs  in  the  stem  in 
Khynchoglossum  obli^uum,  Bl. ;  stomatal  groups  are  met  with  on  the  surface  of 
the  leaf  in  the  species  of  the  genus  Napeanihus ;  in  addition  to  that  certain 
species  have  hypoderm  in  the  leaf  and  spicular  fibres  in  the  mesoi)hyll  (the  latter 
in  Stauranthera  argyrescens,  Hallier  f .).  As  regards  the  clothing  hairs  we  may  note 
that  in  the  uniseriate  trichomes  the  thick-walled  terminal  cell,  and  in  some  cases 
also  the  cell  adjoining  it,  have  calcified  andsilicified  walls.  Uniseriate  trichomes, 
in  which  the  terminal  cell  is  bent  like  a  hook,  occur  in  Epithema  and  Loxonia ; 
simple  shaggy  hairs  are  found  in  certain  species  of  Klugia  and  branched  multi- 
cellular trichomes  in  Klugia  zeylanica^  Thw.  The  heads  of  the  glandular  hairs 
are  occasionally  unicelltdar.  Special  mention  may  be  made  of  the  forked 
external  glands  of  Primulina  Tabacum^  Hance,  and  of  the  '  peltate  glands ' 
of  MonophyUaea^  which  excrete  chalk. 
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The  Structure  of  the  Leaf  is  again  bifacial  in  the  species  which  I  have 
recently  examined.  In  the  species  of  Jerdonia  and  Napeanthus  the  cells  of 
the  spongy  tissue  are  rounded  and  are  peculiar  in  bein^  connected  with  one 
another  by  means  of  short  peg-shaped  processes.  Accordmg  to  K.  Fritsch  (loc. 
cit.),  moreover,  similar  features  are  found  also  in  species  of  Monophyllaea, 
Sireptocarpus  and  Saintpatdia.  There  is  no  sclerenchjona  in  the  veixis  in  the 
species  which  I  have  examined ;  the  larger  veins  commonly  (species  of  Jet- 
doniat  Klugia,  LoxoniUy  Napeanthus^  Rkynchoglossum)  include  two  collateral 
vascular  bundles,  which  either  both  show  the  same  orientation  (with  the 
xylem  on  the  upper  side)  or  have  their  xylem-groups  directed  towards  one 
another.  The  spicular  fibres  mentioned  above  as  occurring  in  the  mesophyll 
in  Staurantkera  argyrescens  were  observed  by  Hallier.  In  Cyriandramoea 
decurrens,  Zoll.  the  ^dermal  cells  on  the  upper  side  of  the  leaf  are  provided 
with  a  small  papillose  protrusion,  arising  from  the  middle  of  the  outer  wall. 
In  SaifUpaulia  ionantha  the  upper  epidermis  likewise  serves  for  water-storage 
and  consequently  consists  of  large  cells  (Fritsch) ;  in  the  species  of  Napeanthus 
both  the  upper  and  lower  epidermis  show  the  same  feature,  the  two  epidermal 
layers  here  occupying  the  greater  part  of  the  transverse  section  of  the  leaf. 
H3rpodenn  is  found  also  in  Codonanihe  Devosiana  (according  to  Schimper), 
Aeschynanthus  purpurascens^  Hassk.  (according  to  my  own  observation ; 
here  composed  of  several  l^ers  and  taking  up  half  the  thickness  of  the  leaf), 
Monophytlaea  Horsfiddii^  R.  Br.  (according  to  Fritsch,  two-layered),  and 
Strepiocarpus  Kirkii,  Hook.  f.  (according  to  Fritsch).  In  SaitOpaulia  umaniha 
and  AeschynatUhus  purpurascens  the  spongy  tissue  likewise  stores  up  water. 
The  stomata  are  often  ol  large  size.  In  Napeanthus  an  excellent  generic  character 
is  afforded  by  the  stomatal  groups,  which  are  often  visible  even  to  the  naked 
eye  as  small  spots  on  the  lower  side  of  the  leaf  and  recall  the  well-known 
stomatal  ^oups  found  in  certain  Begonias.  The  stomatal  groups  of  Napeanthus 
are  constituted  mainly  by  2-18  pairs  of  guard-cells  together  with  their  sub- 
sidiary cells,  and  are  absent  only  in  N,  repens^  J.  Donn.  Smith,  which  does  not 
belong  to  the  genus  Napeanthus  (see  above). 

Regarding  the  wide  distribution  of  anthocyanin  in  the  Gesneraceae,  see 
Hassack  and  K.  Fritsch,  11.  cc. 

I  have  observed  rather  long  acicular  crystals  of  oxalate  of  lime  also  in 
Phylloboea  amplexicaulis^  Clarke,  where  they  completely  fill  the  cells  of  the 
spongy  tissue ;  small  but  rather  distinctly  differentiated  clustered  crystals 
occur  side  by  side  with  other  small  crystals  also  in  the  palisade  tissue  of 
Cyriandramoea  decurrens ;  relatively  large  solitary  crystals  are  found  in  the 
epidermis  of  the  leaf  of  PrimuUna  Tabacum^  and  in  the  palisade  tissue  of 
Acanthonema  sirigosum.  Hook,  f . ;  large  crystalline  bodies,  which  refract  the 
light  doubly  and  give  the  reactions  of  oxalate  of  lime  (though  still  requiring 
more  detailed  investigation),  are  present  in  the  subsidiary  cells  of  the  hairs 
and  in  enlarged  cells  of  the  mesophyll  in  Acanthonema  strigosum ;  lastly, 
tj^ical  bundles  of  raphides  have  been  observed  in  spindle-shaped  cells  m 
Napeanthus  repens  (genus  novum). 

Cystoliths  have  been  found  among  the  Gesneraceae  in  the  two  genera 
Klugia  and  Rhynchoglossum\  The  cystoUths  vary  in  shape,  being  ellipsoidal 
or  more  elongated  or  slightly  branched,  while  m  Klugta  ampiiaia,  Clarke 
they  have  a  peculiar  racemose  form  ;  they  may  or  may  not  be  calcified,  and 
are  frequently  provided  with  distinct  stalks.  In  Klugia  zeylanica^  Gardn. 
{*  Klugia  Notontana/  Hortorum)  they  are  found  principally  in  the  palisade 
tissue,  but  occur  also  in  the  spongy  tissue  and  in  the  lower  epidermis,  while 


'.  K.  Fritsch's  paper  (<  Vber  das  Vorkommen  voa  Cystolithen  bei  JClugia  zeylanica '  in  ^iesner- 
Festschrift,  Vienna,  1908,  p.  41a)  was  published  while  diese  sheets  were  in  the  press. 
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in  Klugia  azurea^  Schlecht.,  K.  major^  Solered.  and  K.  NoUmiana^  Gardn., 
as  well  as  in  Rhynchoglossum  obliquum^  Bl.  (with  var.  parviflora,  Clarke)  and 
R.  klugioides,  Clarke  they  are  connned  to  the  lower  epidermis,  and  in  Klugia 
ampliata^  Clarke  to  the  palisade  tissue.  I  have  examined  the  genera  Nt^e- 
anihtts^  Loxonia^  PhyUoboea^  Cyrtandrofnoea^  Jerdoma^  Plafystemma^  Acaniho- 
nema^  and  Primulina^  which  are  placed  immediately  next  to  Klugia  and 
Rhynchoglossum  by  Bentham  and  Hooker  and  other  authorities,  and  fmd  that 
they  do  not  possess  any  oystoliths. 

Another  new  anatomical  featiure,  not  hitherto  recorded  in  this  Order, 
is  constituted  by  the  resin-canals  found  in  Klugia  and  Rhynchoglossum. 
I  was  able  to  demonstrate  their  presence  in  all  the  species  with  the  exception 
of  Rhynchoglossum  klugioides^  Clarke,  of  which  only  a  badly  preserved  fragment 
of  a  leaf  traversed  by  Fungi  was  available.  The  secretory  canals  have 
lumina  of  varying  width  and  are  occasionally  surrounded  by  cells  resembling 
an  epithelium ;  their  contents  are  of  a  resinous  nature.  They  are  found  in 
the  first  place  in  the  veins  of  the  leaves ;  in  the  larger  veins  theyj  are 
situated  between  the  two  vascular  bundles  (see  above),  while  in  the  smaller 
ones  they  lie  above  the  xylem  of  the  solitary  bundle.  In  the  stem  the 
secretory  canals  in  part  accompany  the  medullary  vascular  bundles  and  the 
bundles  of  the  vascular  ring,  being  placed  next  to  the  xylem;  but  they 
frequently  have  an  apparently  independent  course,  and  run  some  considerable 
distance  mtemal  to  the  xylem-groups  of  the  vascular  ring. 

The  hairy  covering  of  the  Gesneraceae  has  recently  been  examined  by 
Rechinger,  more  especially  with  reference  to  the  uniseriate  clothing  hairs, 
which  are  provided  with  strongly  thickened  terminal  ceUs.  According  to  him 
the  strong  thickening  of  the  terminal  cell  is  due  to  an  obliterating  membrane 
(*  Ausfiillun^ '),  which  is  both  silicified  and  calcified.  Trichomes  of  this  type, 
showing  obhteration  of  the  lumen  in  the  terminal  cell,  do  not,  however,  occur 
in  all  the  members  of  the  Order.  In  certain  species  uniseriate  hairs  are 
altogether  wanting;  in  other  cases  one  finds  uniseriate  hairs  in  which  the 
terminal  cell  shows  no  such  obliteration  of  the  lumen,  while  the  remaining 
cells  of  the  hair  have  walls  of  varying  thickness.  Trichomes,  in  which  both 
the  terminal  cell  and  the  cell  adjoining  it,  and  in  rare  cases  even  the  third 
cell  from  the  apex  of  the  hair,  show  obliteration  of  the  lumen,  while  the 
remaining  cells  have  thin  walls,  were  observed  by  Rechinger  in  certain 
species  of  AUoplectus^  Corytholoma  ( =  Gesnera  ^),  Gesnera^  Naegdia^  Pearcea 
(=  Isoloma\  Roettlera  (s  Chirita)^  Sciadocalyx  (=  Isohma),  Sinningia, 
StreptocarpuSj  and  Tapeinotes  (=  Sinningia) ;  trichomes,  in  which  the  mem- 
branes of  all  the  cells  are  thickened  and  the  lumen  of  the  terminal  cell  is 
obliterated,  were  met  with  in  certain  species  of  Achimenes^  Allopleclus,  Centro- 
solenia  (=  Episcia),  Drymonia^  Jancaea  (=  Ramondia\  Isoloma^  Penta- 
rhaphia^  Ramondia,  Roettlera  {=  Didymocarpus)^  Streptocarpus  and  Tydaea 
{ss  Isoloma).  The  special  structure  of  the  ordinary  uniseriate  clothing  hairs, 
which  has  just  been  discussed,  is  in  general  only  of  value  for  specific  diagnosis. 
According  to  Rechinger  the  same  is  true  also  of  other  structurad  features  shown 
by  these  hairs,  such  as  nodular  thickenings  on  the  wsdls  (Achimenes  lanaia, 
Hanst.)  or  nodose  swelling  of  the  basal  portions  of  the  individual  cells  {Boea 
hygrometrica^  R.  Br.,  Jancaea  Heldreichii,  Boiss.).  Among  the  members  of 
the  Order,  which  I  have  recently  examined,  Napeanthus  repens  alone  has  long 
clothing  hairs  with  a  terminal  cell  showing  obliteration  of  the  lumen,  but  in 
species  of  Acanthonema  and  Platystemma  a  slight  incrustation  may  be  detected 
at  the  apex  of  the  terminal  cells.  Other  peculiar  types  of  hairs  are  :  (a)  the 
very  short  pointed  hairs  of  Napeanthus  apodemus,  J.  D.  Smith,  N,  subacaulis, 

^  According  to  the  Index  KewensU. 
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Benth.  et  Hook.,  &c.,  which  are  composed  of  from  one  to  three  cells  and  are 
seated  on  the  middle  of  large  epidermal  cells ;  (b)  the  short  clothing  hairs 
found  in  species  of  Klugia  and  Rhynchoglossum,  which  consist  of  a  small  number 
of  cells,  the  terminal  one  of  which  is  somewhat  bent,  and  are  inserted  obliquely 
on  the  surface  of  the  leaf ;  (c)  the  very  long  uniseriate  clothing  hairs  present  on  the 
margin  of  the  leaf  in  Jerdonia  indica,  Wight,  some  of  the  long  segments  com- 
posing these  hairs  being  septate  by  means  of  thin  transverse  walls  (to  the  number 
of  6  or  7).  According  to  H.  Schmidt  the  uniseriate  bracket-hairs  already  referred 
to  above»  in  which  the  terminal  ceU  is  bent  in  the  form  of  a  hook,  are  found 
in  Epiihema  Brunonis^  Decne.  and  E.  camosum^  Benth. ;  they  constitute 
a  good  distinguishing  feature  between  Epithema  and  the  genus  Pentaphragma 
(Campanuloideae),  which  is  provided  with  branched  clothing  hairs,  and  is 
often  confused  with  Epithema  in  herbaria.  I  have  observed  bracket*hairs 
also  in  Loxonia  acuminata^  R.  Br.  Uniseriate  trichomes,  in  which  each  of 
the  lower  ceUs  is  divided  longitudinally  into  two,  occur  in  Klugia  Notoniana, 
and  constitute  a  transition  to  the  shaggy  hairs,  which  have  been  demonstrated 
in  K.  axurea^  Schlecht.  and  K.  major ^  Solered.  Klugia  xeylanica,  Gardn.  {*K. 
Notoniana '  Hortorum,  see  Rechinger,  loc.  cit.)  is  distinguished  from  the  true 
K.  Notoniana  by  the  possession  of  more  or  less  richly  branched  clothing  hairs  ; 
the  lower  part  of  the  stalk  in  these  hairs  is  frequently  biseriate  and,  like 
the  uniseriate  branches,  consists  of  cells  with  thin  walls ;  I  did  not  see  the 
transparent  ('  vitreous ')  unicellular  cilia  observed  and  figured  by  Rechinger, 
according  to  whom  they  are  attached  to  the  walls  of  the  hairs  with  their  ends 
pointing  downwards  (strange  bodies  ?)^.  Glandular  hairs  have  recently  been 
demonstrated  also  in  species  of  Acanthonemay  AchimeneSy  Boea,  Coleus,  Col' 
landra  (=  Columnea)^  Cyrtandromoea,  Epithema^  Ghxiniay  Jerdonia,  Klugia, 
Loxonia,  MonophyUaea,  Napeanthus,  Phylloboea,  Platystemma,  Primultna, 
Rhynchoglossum,  Roettlera  (=:  Chirita),  Saintpaulia  and  Tydaea  (=  Isoloma) 
(Rechinger,  H.  Schmidt,  Chevalier  et  Perrot,  Solereder).  We  may  add  the 
following  details  regarding  the  differentiation  of  the  head.  Unicellular  spherical 
glandukur  heads  are  found  in  species  of  Coleus,  where  they  are  borne  on  very 
short  stalks,  and  in  Napeanthus  repens,  where  they  are  placed  on  very  long 
stalks ;  long  glandular  hairs  having  cylindrical  terminal  cells,  the  apex  of 
which  is  swollen  or  lageniform,  occur  in  Primulina  Tabacum,  Hance.  This 
species  also  possesses  the  forked  glands  mentioned  above ;  they  are  long 
trichomes  with  a  uni-,  or  rarely  bicellular,  stalk  and  two  cylindrical  termind 
cells,  which  show  a  pistillate  swelling  at  their  apex,  are  fused  for  about  half 
their  length  and  diverge  beyond  that  point  in  a  dichotomous  manner.  In  the 
members  of  the  Order  which  I  have  examined  the  heads  of  the  shortly  stalked 
glands  consist  of  from  two  to  four  ceUs.  In  the  simplest  case  the  bicellular 
head,  as  seen  from  above,  has  an  elliptical  outline,  while  the  four-celled  head 
has  a  rounded  or  rosette-like  outline  ;  as  a  result  of  elongation  of  the  glandular 
cells  we  obtain  glandular  heads,  which  are  either  bicellular  and  panduriform 
or  hammer-shaped  or  two-armed  {Epithema,  Klugia,  Loxonia,  Napeanthus, 
Rhynchoghssum)  or  on  the  other  hand  are  provided  with  three  or  four  rays 
{Klugia,  Napeanthus,  Rhynchoglossum).  The  peltate  glands  of  MonophyUaea 
Horsfieldii,  R.  Br.,  which  were  referred  to  above,  belong  to  a  special  category  ; 
as  Fritsch  was  the  first  to  show,  they  excrete  carbonate  of  lime.  I  have 
examined  them  and  find  that  their  structure  corresponds  completely  with  that 
of  the  well-known  peltate  glands  of  the  Rhinanthaceae ;   the  epidermal  cell, 

^  The  '  Males'  described  by  Rechinger  as  oocwriog  on  the  leaf  of  Monophyllaea  ffors/Uldii,  R.  Br. 
hare  been  shown  by  Fritsch  (loc.  dt.)  to  be  small  chalk-scales,  which  are  excreted  by  peculiar 
rlandnlar  hairs  functioning  as  hydathodes  (for  details  rwirding  the  hairs,  see  the  text  below). 
Rechxn^ar*s  iwther  statement  as  to  the  occnrtence  of  small  scales  in  *  Boea  speciosa  *  still  requires 
TiiiiTeBtigation . 
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which  constitutes  the  base  of  the  trichome,  is  followed  by  a  low  middle-cell  which 
has  a  rounded  outline  and  bears  the  shield ;  the  latter  is  of  the  same  size  as 
the  middle-cell  and  is  divided  into  two  ' lid-cells'  by  means  of  a  vertical  wall. 

For  the  occurrence  of  steles  in  the  fibrovascular  system  of  the  petiole 
of  '  Gesntria  dlba^  see  Bouygues,  loc.  cit. 

According  to  my  own  investigation  medullary  Tascular  bundles  are 
found  both  in  Klugia  {K.  ampliata^  Clarke,  K.  azurea^  Schlecht.,  K,  major, 
Solered.,  K.  Notoniana,  Gardn.,  K.  zeylanica^  Gardn.)  and  in  Rhynchoglossum 
(R.  obliquum^  Bl.  with  var.  parviflarum^  Clarke),  while  according  to  K.  Fritsch 
they  occur; also  in  Monophyllaea  Horsfiddiij  R.  Br.,  a  species  which  has 
only  one  large  foliage-leaf.  In  Rhynchoglossum  obliquum  (also  in  the  var. 
parviflorum)^  moreover,  a  projecting  ridge  on  the  stem  contains  a  cortical 
vascular  bundle  showing  concentric  structure. 

For  the  structure  of  the  characteristic  runners  of  Achimenes  coccinea, 
which  are  occupied  by  scaly  leaves,  see  Kliem,  loc.  cit. ;  for  the  structure  of 
the  tubers  found  in  species  of  Coleus^  see  Chevalier  and  Perrot,  loc.  cit. ;  for 
the  structure  of  the  aerial  and  terrestrial  roots,  occurring  in  species  of  Aeschy-- 
natUhus  and  Columnea^  see  Keller,  loc.  cit.  The  only  feature  requiring  special 
mention  is  the  occurrence  of  medullary  vascular  bundles  showing  collateral 
structure  in  the  tubers  of  Coleus  langouassiensis.  Chevalier. 

literature :  [Pedidoo,  Sclerenchymi  neUe  Geinerac.,  Rendic.  Accad.  sc.  fis.  e  mat  Napoli,  1879^ 
lasc.  a;  abstr.  in  Jast,  1879,  i,  p.  24.] — Hasiack,  Anat-Baa  banter  LanbbL,  Bot.  Centralbl.,  1886, 
iv,  p.  84  et  seq. — L.  Keller,  lAttwuzzeln,  Diss.,  Heidelberg,  1889,  PP*  1^-15- — Hallier,  in  Ann. 
Jardin  Buitenzorg,  ziii,  2,  1896,  p.  a 88. — ^JoniBon,  Anat.  Ban  des  Blattes,  Acta  Univ.  Lund., 
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Solereder,  Znr  Anatomie  n.  Systematik  einiger  Uesaeraceen-Gatt.,  Manuscript,  1907.— [K.  Fritsch,  in 
Nattirl.  Pflanzcnfam.,  Erg. -Heft  II,  1908,  p.  317.]— K.  Fritsch,  Cystolithen  bei  Jc/u^  ufylanica,  in 
Wiesner-Festschrift,  Vienna,  1908,  p.  413. 


seq.,  sep.  copy,  10  pp.  and  lab. — Kiiem,  vegeUt.  Kegenerationsorg.,  Diss.,  lij-langen,  1900,  pp.  49, 
50. — Bouygnes,  Petiole,  Thise,  Paris,  1902,  p.  78.~Pischinger,  Strepiocarfus  and  Moncpkyilaea, 
Sitz.-Ber.  Wiener  Akad.,  cxi,  Abt.  i,  190a,  pp.  287,  291,  etc  and  Tab.  i,  ii.— K.  Fritsch,  Keim- 
pilanzen  der  Gesnerac.,  Jena,  1904,  especially  pp.  132-47. — H.  Schmidt,  Campannloideen,  Diss., 
Erlangen,  1904,  pp.  loi,  102. — Chevalier  et  Perrot,  Coleus,  in  Peirot,  Travanx,  iii,  1906;  also  in 


BIGNONIACEAE  (pp.  601-611). 

1.  To  the  Review  of  the  Anatomical  Features  we  may  add  that  stomata 
having  two  subsidiary  cells  placed  transversely  to  the  pore  also  occur  in  this 
Order  (Kigelia).  Among  the  list  of  special  features  we  may  include  the  occur- 
rence of  groups  of  silicified  cells  in  the  mesophyU  and  of  solid  papillae  on  the 
epidermis  of  the  leaf  (both  features  likewise  observed  in  Kigelia), 

2.  Structure  of  the  Leaf.  According  to  my  own  investigation  the 
mesophyll  is  centric  in  structure  in  Kigelia  pinnata,  DC.  and  K.  africana, 
Benth. ;  it  consists  of  5  or  6  layers  of  moderately  dongated  palisade-cells, 
the  longitudinal  walls  of  which  show  a  bellows-like  folding,  and  at  some  points 
include  small  intercellular  spaces  between  one  another  after  the  manner  of 
conjugate  parenchyma.  Spicular  fibres  running  freely  in  the  mesophyll, 
besides  occurring  m  Colea  Commersonii  (where  they  may  even  spread  out 
beneath  both  upper  and  lower  epidermis),  are  found  in  Colea  pedunculaia 
(according  to  Fabricius)  and  in  Crescentia  regalis,  C.  macrophyUa  (=  Ampki- 
iecna  macrophyUa^  Miers)  and  Phyllarthron  comorense^  DC.  (according  to  Comu). 
In  Colea  peduncuUUa  there  are  also  scattered  stone-cells  in  the  mesophyll. 
Another  noteworthy  feature  is  constituted  by  sphericsd  or  otherwise  shaped 
groups  of  silicified  cells,  which  were  first  observed  by  Comu  in  the  mesophyll 
of  Kigelia  pinnata^  although  his  interpretation  of  them  was  not  quite  correct, 
and  which  are  present  also  in  K.  africana.  Their  structure  recalk  that  of  the 
groups  of  silicified  cells,  figured  for  Aristolochia  acutifolia,  Duch.  in  Fig.  166,  G 
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(on  p.  684)  in  all  respects.  The  constituent  cells  show  an  approximately  radial 
arrangement,  while  those  parts  of  their  walls,  which  are  directed  towards 
the  centre  of  the  group  of  cells,  and  the  adjoining  parts  of  the  radial  walls 
are  thickened  in  the  form  of  a  horseshoe  and  are  stratified  and  silicified.  The 
groups  of  cells  in  question  either  lie  freely  in  the  mesophyll  or  more  commonly 
occur  in  connexion  with  the  vascular  bundles  of  the  veins,  bein^  situated  both 
on  their  upper  and  lower  side ;  the  number  of  cells  composmg  the  groups 
varies.  In  Kigdia  the  upper  and  lower  ^dermis  are  likewise  silicified ;  m 
surface-view  the  cells  of  the  upper  epidermis  have  undulated  lateral  walls  and, 
like  the  epidermal  cells  situated  above  the  larger  veins  on  the  lower  side  of 
the  leaf,  are  provided  with  blunt  conical  and  soUd  papillae,  while  the  lower 
epidermis  consists  almost  exclusively  of  the  exceptionally  numerous  stomata 
with  their  subsidiary  cells.  The  pairs  of  guard-cells  in  Kigdia  are  raised  above 
the  surface  of  the  epidermis,  and  are  supported  for  the  most  part  by  two  (more 
rarely  by  three)  neighbouring  cells,  which  are  placed  transversely  to  the  pore. 

The  haixy  covering  in  Kigdia  comprises  unicellular  clothmg  hairs  with 
rather  thick  walls  and  narrow  lumina,  and  relatively  large  disc-shaped  glands 
showing  radial  arrangement  of  the  cells  and  a  slight  elevation  of  the  cuticle. 

3.  Structure  of  the  Axis.  As  regards  the  occurrence  of  anomalous 
structure  in  the  wood  of  the  root  in  the  Bignoniaceae  (p.  608)  we  may  note 
that  according  to  Hill  bast-wedges  are  found  in  this  position  also  in  Bignonia 
upguis  and  B.  venusta. 

The  cortex  of  Oroxylum  indicum^  Vent,  contains  deposits  of  green  sub- 
stances which  resemble  wax,  and  are  the  seat  of  the  active  principle  (oroxylin) 
in  this  bark  (O.  Werner).  It  still  remains  to  be  determined  whether  the  rubber, 
which  exudes  on  wounding  the  cortex  in  Stereospermum  euphorioides^  is  deposited 
in  special  receptacles  (see  Jumelle,  loc.  cit.). 

Literature:  [Stowell,  Folia  Carobae  (Jaccaranda  Carobae)^  Therap.  Gazette,  N.  S.,  1881,  n.  a, 
p.  43;  abstr.  in  Just,  i88t,  ii,  p.  691.]— Keller,  Lnftwnrzeln,  Diss.,  Heidelberg,  1889,  pp.  15-17.— 
[Tognini,  Stomi,  Atti  Ist.  bot  Pavia,  1894.] — Went,  Haft-  u.  Nahrwurzeln,  Ann.  Jardin  Baitenzorg, 
xii,  1895,  PP*  59*  ^« — Comn,  CoUa  floribunda^  etc.,  iii  and  iv,  BnU.  Soc.  bot.  de  France,  1890, 
pp.  400-14. — ^Jonsson,  Anat.  Baa  des  BL,  Acta  UDiy.  Lnnd.,  xzxii,  a,  1896. — Werner,  Neuere 
Drogen  (Cortex  Oroxyli),  Diss.,  Erlangen,  1896,  pp.  27-33  "^*^  "T*^-  *">  iv.— HiU,  Roots  of 
Bi^fwniOf  Ann.  of  Bot.,  1898,  pp.  323-8  and  pi.  xxiL — Boergesen  o£  Paulsen,  Veget.  dansk-vestind. 
Cer,  Bot.  Tidsskrift,  xxii,  1898-9,  p.  loi  {Tecoma  /^i^Arj^^^Mart.)^— Ldsering,  Interxyliires 
Leptom,  Diss.,  Berlin,  18 
[Anonymous,  '-•  •  ' 
blattanatomie, 

sc.  nat,  %ix.  8,  t.  xx,  1904,  pp.  iii,  iia  and  152-47— Paoli,*£terofillia,'Nnovo  Giom.  bot.  Ital., 
N.  S.,  xi,  1904,  p.  aao  (species  of  Bignonia  and  Macrodiscus), — Frommel,  Plantas  text,  chil.,  1905, 
p.  40. — Jumelle,  Une  Bignon.  k  gomme,  Comptes  rendns  Paris,  1905,  i^  s^m.,  pp.  170-a. — 
[Penballow,  Hybridization  of  Caialpa,  Americ.  Nat.,  xxxix,  1905,  pp.  113-36,  abstr.  in  Bot. 
Centralbl.,  cxix,  p.  331.] — Piccioli,  Legnami,  Bull.  Siena,  190(5,  p.  151. — Haberlandt,  Sinnesorg., 
second  edition,  1906. — [Schwendt,  Extrailor.  Nektarien,  Beih.  z.  bot.  Centralbl.,  xxii,  Abt.  i,  1907, 
pp.  256-9.] 

PEDALINEAE  (pp.  611-613). 

Griinewald's  paper  cited  below  deals  principally  with  the  anatomy  of 
the  leaf  and  axis  in  the  genera  Martynia^  Craniolaria,  Pedalium^  Pierodiscus, 
Harpagophytuntf  Rogeria,  Sesamumj  Ceraiotheca,  Preirea^  and  Josephinia  ;  it 
does  not  contain  any  essentially  new  facts. 

The  characteristic  mucils^e-hairs  appear  to  occur  also  in  Pterodiscus 
('  P,  angustifoUus '),  whilst  in  narpagophytum  the  external  glands  are  of  the 
same  type  as  those  of  Craniolaria  annua.  The  structure  of  the  leaf  is  for  the  most 
part  bifacial,  the  stomata  generally  occurring  on  both  surfaces.  In  Craniolaria 
annua  the  epidermis  of  the  leaf  contains  chlorophyll,  and  in  Prdrea  eriocarpa 
and  *  Pterodiscus  angustifoUus '  crjrstals  of  oxalate  of  lime.    Oxalate  of  lime 
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is  occasionally  found  in  the  form  of  crystab  resembling  raphides  (pith  of 
Rogeria  adenophylla). 

As  regards  the  structure  of  the  azla  it  appears  that  bast-fibres  are  invariably 
found  in  the  pericycle,  and  that  the  wood-prosenchyma  always  bears  simple 
pits. 

Literature:  Griinewald,  Vergl.  Anat.  d.  Martyniaceae  a.  Pedaliaoeae,  Din.,  Erlangen,  1897, 
43  PP- 

ACANTHACEAE  (pp.  613-624). 

2.  Structure  of  the  Leaf.  In  the  species  which  have  been  examined 
the  leaves  are  for  the  most  part  bifacial  in  structure,  rarely  {AcanAopsis  harrida^ 
Nees)  centric  with  palisade  tissue  on  both  sides.  Friedrich  records  a  papillose 
epidermis  in  the  leaf  in  Afhdandra  Fascinator^  Lind.  et  Andr6  and  RueUia 
Devosiana,  Lindl.  According  to  Holtermann  a  many-layered  hypoderm  is 
found  on  the  upper  side  of  the  leaf  also  in  Strobilanthes  sexennis  var.  argiUus. 
According  to  Dethan  the  parenchyma  of  the  veins  in  Acanihus  mollis^  L. 
contains  membrane-mucilag^e.  At  this  point  we  may  also  mention  the  occur- 
rence of  groups  of  mucilaginous  cells  on  both  sides  of  the  leaf  in  Acanthus 
Uicifolius^  L.,  a  feature  which  still  requires  further  investigation ;  on;  the 
upper  side  of  the  leaf  these  groups  are  inserted  among  the  cells  of  the 
hypoderm,  while  on  the  lower  side  they  are  formed  mainly  by  epidermal  cells 
showing  palisade-like  elongation  ;  in  later  stages  they  give  nse  to  organs 
resembling  lenticels  (Areschoug). 

Oxalate  of  lime  (cf .  p.  614)  is  found  in  the  form  of  large  clustered  crystals 
in  Thunbergia  laurifolia,  Lindl.  and  Eranthemum  igneum^  Lind.  (Friemich). 
Small  crystalline  bodies  occur  very  abundantly  in  the  epidermis  and  in  the 
clothing  hairs.  The  acicular  crystals  are  often  differentiated  like  raphides 
(see  especially  A.  Weiss,  loc.  cit.). 

To  the  list  of  special  forms  of  clothing  hairs  (see  p.  614)  we  may  add : 
(a)  the  unicellular  tnchomes  of  Lasiodadus^  which  have  thick  walls  and  narrow 
lumina ;  {b)  the  uni-  or  multicellular  lanceolate  hairs  of  Acanthopsis  horrida, 
Nees,  each  of  which  is  seated  obliquely  on  an  epidermal  cell,  with  the  apex  of  the 
hair  directed  towards  the  tip  of  the  leaf ;  and  (c)  the  trichomes  of  Fittania 
Verschaffeltiif  which  accordmg  to  Haberlandt  function  as  ocellae ;  these 
hairs  consist  of  (i)  a  lar^e  epidermal  cell,  which  has  a  rounded  outline,  as  seen 
in  surface-view,  and  projects  strongly  after  the  manner  of  a  papilla  above  the 
small-celled  epidermis,  and  (2)  a  very  small  cell,  which  is  inserted  in  the  apex 
of  the  epidermal  cell  and  is  shaped  like  a  biconvex  lens.  The  external  glands 
of  the  second  type  in  some  cases  have  a  bicellular  head  which  is  divided  by 
a  vertical  wall,  and  are  sometimes  (e.g.  in  RueUia  patula^  J  acq.  or  Strobilanthes 
glotneraiuSy  Anders.)  provided  with  long  stalks. 

In  connexion  with  the  section  on  the  cystoliths  (see  also  the  table  on 
p.  616)  we  may  first  describe  the  forms  of  cystoliths  recorded  by  Friedrich 
in  a  number  of  genera  not  examined  by  Hobein  {Glossochilus^  Lasiodadus^ 
Petalidium,  Sautiera^  Stenostephanus  and  Tetramerium).  Glossochilus  Bur- 
chellii^  Nees,  which  belongs  to  the  Barlerieae,  has  the  double  cystoliths  charac- 
teristic of  this  group.  The  genus  Lasiocladus  {L.  acanthospermifoliuSf  Boj. 
and  L.  chlorotrichos^  Boj.),  which  Bentham  and  Hooker  place  at  the  end  of 
the  Order  with  the  addition  of  a  query,  shows  afi&nity  with  the  Barlerieae  in 
having  double  cystoliths.  Petalidium  barlerioides,  Nees  and  Sautiera  Decaisnei, 
Nees  (Tribe  Ruellieae)  have  fusiform  cystoliths;  in  Stenostephanus  lobe- 
liaeformiSf  Nees  (Tribe  Justicieae)  the  cystoliths  show  a  longitudinal  arrange* 
ment,  while  the  cystoliths  in  Tetramerium  nervosum,  Nees  (Tribe  Justicieae)  are 
elongated  and  either  pointed  at  one  end  or  rounded. 
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Molisch's  recent  investigations  on  the  blue-green  colouration  of  the 
cystoliths,  previously  observed  by  K.  Richter  and  A.  Weiss  in  species  of 
Coldfussia  and  Sanchezia^  necessitate  the  addition  of  the  following  details. 
The  lithoc3rsts  of  Sanchezia  nobilis^  Hook.,  StrobilatUhes  Dyerianus,  Hort. 
and  Goldfussia  anisopkylla^  Nees  contain  a  colourless  chromo^en  (pseudo- 
indican)  which,  on  coming  in  contact  with  the  air  as  the  result  of  mjury  to  the 
cells  containing  it,  gives  rise  to  a  deep  blue-green  colouring-matter  which 
appears  on  the  surface  of  the  body  of  the  cystoliths  or  in  their  inmiediate 
neighbourhood.  On  the  other  hand,  the  greenish  coloration  shown  by  the 
cystoliths  of  RueUia  ochroleuca^  when  seen  in  sections,  is  due  to  the  antho- 
cyanin  contained  in  the  surrounding  cells,  the  violet  colour  of  the  anthocyanin 
changing  to  green  in  contact  with  the  cystoliths  owing  to  their  alkaline  reaction. 

Dethan  and  Friedrich  have  recently  demonstrated  acicular  fibres  (raphi- 
dines,  see  p.  618)  in  a  large  number  of  additional  genera  and  species. 

These  species  are  as  follows :  Acanihopsis  horridat  Nees,  Andrographis  pant- 
culata,  Nees,  Anisacanthus  virgularis,  Nees,  Aphelandra  aurantiaca,  Nees  and 
A.  Fascinator^  lind.  et  Andr6,  Barleria  cristatat  L.  and  B.  PrionotiSt  L.,  Crossandra 
infundibuliformisy  Nees  and  C.  undulaefolia^  Ssilisb.,  Cystacanihus  iurgida^  Nichols., 
Dianihera  pectaralis^  Gmel.,  Dicliptera  acuminata^  Juss.,  Ecbolium  Linneanumt  Kurz, 
Eranthemum  sanguinolentum^  Veitch,  FitUmia  atgyroneura^  Coem.,  Justicia  camea, 
LindL  and  7.  Gendarussa^  Burm.,  Peristrophe  bicalyculata,  Nees,  Rhinacanthus 
communis,  Nees,  Ruellia  formosa^  Andr.  (Arrhostoxylum  formosum,  Nees),  Sanchezia 
nobUiSy  Hook,  f.,  Sauticra  Decaisnci,  Nees. 

For  the  occurrence  of  steles  in  the  petiole  of  Acanihtts  mollis,  see  Bouygues, 
loc.  dt. 

3.  Structure  of  the  Axis.  Dethan  has  recently  examined  the  structure 
of  the  cortex  in  certain  officinal  sp|ecies.  The  cork  develops  in  the  epidermis 
in  Stfohilanthes  caUosus^  Nees,  and  in  the  subepidermal  layer  of  cells  m  Cross* 
andra  undulaefolia^  Salisb.  and  Jacobinia  Mohintli^  Benth.  et  Hook.  The 
outer  portion  of  the  primary  cortex  is  frequently  differentiated  as  collenchyma. 
In  Strohilanthes  caUosus^  Nees  there  is  a  complete  subepidermal  layer  of  htho- 
cysts.  The  occurrence  of  fibrous  cells  in  the  collenchyma  of  the  primary 
cortex  in  Ndsonia  campestriSy  R.  Br.  and  Thyrsacanthus  niiidus^  Nees  recalls 
the  hjTX)derm  of  fibrous  cells  characteristic  of  Thunbergia.  Stone-cells  or 
slightly  sclerosed  parenchjnmatous  ceUs  have  been  observed  in  the  primary 
cortex  in  Dianihera  pectoralis^  Gmel.,  Jacobinia  Mohinili,  Benth.  et  Hook., 
Justicia  Gendarussay  Burm.  and  StrobUanthes  caUosus,  Nees.  The  species  of 
Hygrophila  are  distinguished  by  having  a  lacunar  cortex  with  wide  inter- 
cellular spaces.  In  H,  spinosa^  Anders,  the  walls  of  the  meshes  are  formed 
by  cells  having  a  particularly  characteristic  shape,  which  in  a  transverse 
section  of  the  branch  resembles  that  of  a  thigh-bone,  while  in  the  comers  of 
the  meshes  the  cells  are  generally  three-armed  and  likewise  have  swollen 
ends ;  these  cells,  moreover,  are  dovetailed  with  one  another  by  means  of 
the  undulated  surfaces  of  their  walls.  In  most  of  the  species  the  pericycle 
contains  isolated  bast-fibres  or  groups  of  bast-fibres,  but  occasionally  primary 
hard  bast  is  absent.  In  the  latter  case  a  distinct  endodermis  is  sometimes 
{Barleria  cristata^  L.)  present.  Bast-fibres  and  acicular  fibres  are  of  frequent 
occurrence  in  the  secondary  bast. 

As  regards  the  occurrence  of  anomalous  structure  in  the  axis  (p.  620) 
we  may  note  that  Dethan's  statement  as  to  the  presence  of  intraxylary  phloem 
in  Justicia  Gendarussa,  Burm.  is  incorrect,  and  that,  according  to  Leisering,  in  the 
formation  of  the  interxylary  phloem  in  Thunbergia  coccinea^  Nees,  at  least, 
the  cambium  at  first  develops  nothing  but  thin-walled  parenchyma  on  its 
inner  side,  sieve-tubes  only  becoming  differentiated  in  this  parenchjnma  in 
later  stages. 
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For  the  structure  of  the  terrestrial  roots  of  Acanthus  Uicifolius  (occurrence 
of  peculiar  thickening-plates,  traversed  by  slit-shaped  pits,  in  the  cortical 
parenchyma),  see  Karsten,  loc.  cit. 

literature:  A.  Weiss,  Kalkoxalatm.  in  Acanthac,  Sitx.-Ber.  Wiener  Akad.,  xc,  Abt.  i,  1884, 
pp.  79-90  and  Tab. — Gardiner,  Secret,  hairs  of  Thunbergia  lawifolia.  Proceed.  Cambridge  PhiL  Soc, 
V,  1884,  pp.  184,  and  1887,  p.  82.^Kar8ten,  MangroTeregetat.,  Bibl.  bot,  Heft  aa,  1891,  p.  5a — 
Dethan,  Acanthao^es  m^.,  These,  Paris,  1896  (2*  6d.,  1897),  193  pp.  *— Leisering,  Interxyliires 
Leptom,  Diss.,  Berlin,  1899,  pp.  39-44.^Molisch,  Psendoindican,  Sitz.-Ber.  Wiener  Akad.,  cviii, 
Abt.  1, 1899,  pp.  479-90  and  Tab.— Friedrich,  Blattanatomie der  Acanthac.,  Diss.,  Heidelberg,  1901, 
6a  pp.,  I  Tab."— Pitard,  P^ricycle,  Thite,  Bordeaux,  1901,  p.  73. — ^Axeschong,  Mangrovepfl.,  Bibl. 
bot.,  Heft  56,  190a,  pp.  A8-50  and  Tab.  ▼  {Acanthm  iHcifolius,  L.).— Bonygnes,  Petiole,  Thise, 
Paris,  looa,  p.  79.— ClandiU,  Blattanat  canar.  Gew.,  Diss.,  Basel,  190a,  pp.  Jo,  11  (Adkaioda), — 
Col,  Faisceaux,  Ann.  sc.  nat.,  a^.  8,  t  xx,  1904,  p.  159,  etc. — Viret,  Liaisons  dn  phloone  m^  etc., 
Institnt  de  Bot  Geneve,  1904,  pp.  71-96  {Acanthus  and  ZtMii^^^).— Haberlandt,  Lichtsinnes- 
organe,  1905,  pp.  107-11  and  Tab.  ili. — Holm,  in  Americ.  Tovm.  of  Pharm.,  1906,  p.  553  et  seq., 
and  1907,  p.  51  et  seq.  {Rusllia  ci/icsa). — Holtermann,  Einflass  d.  Klimas,  1907,  p.  a  16.— [Holm, 
Huellia  and  Dianthera^  Bot.  Gazette,  xliii,  1907,  pp.  308-39  and  pi.  xi-xiii.] 

MYOPORINEAE  (pp.  624-628). 

Literature:  Boergesen  og  Panlsen,  Veget  dansk-vettind.  Oer,  Bot.  Tidsskrift,  xxii,  1898-9, 
pp.  a  1-3  {Boniia  daphncides,  L.). 

SELAGINEAE  (pp.  628-630). 

The  epidermis  of  the  leaf  of  Ghbularia  salicina.  Lam.  consists  locally  of 
two  layers. 

Literatme:  Latonr,  S^n^,  Th^se,  Montpellier,  1894,  pp.  36-40  {Ghbularia^  AlypunC^,-^ 
Clanditz,  Blattanat.  canar.  Gew.,  Diss.,  Basel,  190a,  pp.  9,  10  {CMuIan'a  saJicina,  Lam.,  sphalm. 
salicifolia), 

VERBENACEAE  (pp.  630-636). 

1.  Review  of  the  Anatomical  Features.  In  the  genera  Symphorema 
and  Congea  (Ssnnphoremeae)  large  secretory  cells  occur  in  the  bast  and  primary 
cortex  of  the  branches.  Teijsmanniodendron  has  large  solitary  and  clustered 
crystals,  as  well  as  medullary  '  bundles  of  mestome.  Tufted  hairs  are  also 
found  in  Symphorema. 

2.  Structure  of  the  Leaf.  Van  Tieghem  has  recently  undertaken  a 
detailed  examination  of  the  structure  of  both  leaf  and  axis  (see  below)  in  the 
Symphoremeae  and  Avicennieae.  The  following  details  are  abstracted  from 
his  investigations  and  the  remaining  new  literature.  According  to  Areschoug 
stomata  with  two  subsidiary  ceUs  placed  transversely  to  the  pore  are 
found  in  Avicennia  nitida,  Jacq. ;  stomata  having  three  neighbouring  cells 
occur  in  Teijsmanniodendron  bogoriense,  Koord.,  and  stomata  with  several 
ordinary  neighbouring  cells  in  Lippia  Geisseana^  Solered.  According  to  Van 
Tieghem  the  many-layered  hsyoderm  found  in  Avicennia  occupies  half  the 
thickness  of  the  leaf  in  A.  officinaliSy  while  it  is  not  so  thick  in  the  two  species 
A.  nitidus  and  A.  tomentosus,  which  are  grouped  in  the  subgenus  HUairanikus. 

^  This  paper  deals  with  species  of  the  following  genera :  Acanthus,  Adhatoda,  Andrographis^ 
Barhria^  Bkpharis^  Cystacanthus,  Dianthera^  Dicliptera,  EcboUum,  Graptophyllum,  liygr^hik^ 
JacoHma^  Justiciar  Nelsoma^  Rhinacanthus,  RueUia,  Rungia,  Stroiilcutthes,  Thunbergia,  Thyrs- 
cuanthus. 

*  This  investigation  deals  with  species  of  Acanthosis,  Acanthus,  Adkatoda^  Anisacanthus^ 
Apbelandra,  Barltria,  Blepharis,  Crossandra,  Dianthera,  Dicliptera,  Eranthemum,  Fittonia, 
Ctissomeria,  Glossochilus,  Gytnnostachyum,  Hemigraphis,  Hypoesies,  Justicia,  Lasiocladusj  Lihoma^ 
Ptristrophe,  PetaHdium,  Rhinacanthus,  Ruellia,  Rungia,  Sanchetia,  Sautiera,  Sttnandrium^ 
StMOstephanuSy  Strobilanthes ,  Tetramerium,  Thunbergia. 
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Three  vascular  bundles  enter  the  leaf  in  Avicennia^  as  well  as  in  Symphorema 
and  Congea.  In  the  petiole  of  Avicennia  they  form  a  median  bundle,  which  is 
closed  in  an  annular  manner,  and  a  few  small  cortical  bundles,  while  in  the  petiole 
of  Symphorema  and  Congea  they  give  rise  to  a  large  arc  of  wood  and  bast. 

In  view  of  the  earlier  statement  as  to  the  absence  of  internal  glands  the 
demonstration  of  large  secretory  cells  in  the  bast  and  primary  cortex  of  the 
branches  in  Symphorema  and  Congea  (but  not  in  Sphenodesma)  by  Van  Tieghem 
is  very  noteworthy.  In  Lippia  Geisseana  and  (according  to  Quanjer)  also 
in  Vitex  trifolia,  L.  oxalate  of  lime  is  foimd  in  the  mesophyll  in  the  form  of 
small  clustered  crystals,  whilst  Teijsmanniodendron  bogoriense  has  large 
solitary  crystals  in  the  cortical  parench3n[na  and  clustered  crystals  in  the 
tissue  of  the  pith.  Regarding  the  occurrence  of  sphaerocrystalline  masses 
in  the  epidermis  of  the  leaf  in  species  of  Campylostachys,  see  Knoblauch, 
loc.  cit. 

With  reference  to  the  hairy  covering  of  the  Verbenaceae  (p.  631  et  seq.) 
we  may  add  the  following  details.  Uniseriate  clothing  hairs  are  found  also 
in  Congea  tomerUosa^  Roxb.,  while  tufted  hairs  with  imicellular  rays  occur 
in  Symphorema  involucratum^  Roxb.  According  to  Haberlandt  the  small 
silicified  trichomes  inserted  in  the  outer  walls  of  the  epidermal  cdls  in  Petraea 
volubilis  (Fig.  151,  A-B)  are  local  organs  for  the  perception  of  light ;  to  iudge 
from  Koorders'  statements  similar  trichomes  appear  to  occur  also  in  Teijs- 
manniodendron.  Unicellular  cystolith-hairs  which  have  calcified  tips  and  in 
part  contain  cystolith-like  protuberances  (the  latter  occasionally  occurring 
m  the  subsidiary  cells  of  the  hairs  as  well)  are  present  also  in  Lippia  Geisseana. 
Glandular  hairs  with  unicellular  heads  are  found  also  in  Lippa  (L.  Geisseana^ 
L.  saiurejaefoUa,  Mart,  et  Schauer,  L.  ihymoides^  Mart,  et  Schauer)  and  in 
Lantana  macrophyUa,  Schauer  and  L.  involucrata,  L. ;  peltate  glandular  hairs, 
like  those  of  Avicennia,  &c.,  occur  also  in  Citharexylum  cinereum,  L.,  and 
vesicular  integumental  glands  resembling  those  of  the  Labiatae  also  in  Vitex 
trifolia,  L.  The  glandular  hairs  found  on  the  parts  of  the  flower  occasionally 
differ  from  those  present  on  the  vegetative  organs.  Thus  on  the  bracts  of 
Lippia  Geisseana  the  heads  of  the  glands  are  both  unicellular  and  composed 
of  a  small  number  of  cells  owing  to  vertical  division- walls,  whilst  on  the  clavate 
processes  of  the  anthers  they  show  a  still  larger  number  of  vertical  division- 
walls.  An  even  more  striking  feature  lies  in  the  occurrence  of  external  glands 
with  elongated  ellipsoidal  or  tubular  heads  divided  both  by  horizontad  and 
vertical  walls  on  the  processes  of  the  anthers  in  Tamonea  spicaia,  Aubl.  and 
on  the  connectives  of  the  anthers  in  Casselia  integrifolia,  Nees  et  Mart.  We 
must  regard  these  external  glands  as  forming  exceptions  to  the  general  rule, 
since  the  glands  of  the  Verbenaceae  in  most  cases  have  heads,  which  are  either 
unicellular  or  divided  exclusively  by  vertical  walls  (see  Solereder,  loc.  cit,, 
p.  627,  footnote  i). 

3.  Structure  of  the  Axis.  For  the  structure  of  the  stem  in  Lippia 
Geisseana,  a  Chilian  desert-plant  (having  radial  plates  of  sclerenchjonatous 
fibres  corresponding  in  position  with  the  ribs  on  the  stem  and  palisade  tissue 
in  the  outer  part  of  the  cortex,  &c.),  see  Solereder,  loc.  cit. 

The  cork  develops  in  the  subepidermal  layer  of  cells  also  in  Avicennia, 
Symphorema  and  Congea.  In  the  species  of  Symphorema  and  Congea  men- 
tioned above  the  pericyde  contains  an  annular  zone  of  lignified  fibres,  while 
in  sphenodesma  unguictdata,  Schauer  it  includes  a  composite  and  continuous 
ring  of  sclerench}nna.  In  Symphorema  involucratum  the  secondary  bast  con- 
tains stone-cells,  and  in  Sphenodesma  unguiculata,  Schauer  bands  of  sclerosed 
cells.  Pitard  records  isolated  bundles  of  bast-fibres  in  the  pericycle  in  species 
of  Aegiphila,  Clerodendron,  Comuiia,  Oxera,  and  Verbena,  and  a  composite 
and  interrupted  ring  of  sclerenchjnma  in  the  pericycle  in  Clerodendron  aculea- 
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tum^  C.  Bungei^  and  Viiex  agnus-castus.    The  vessels  have  scalarifonn  per- 
forations also  in  TdjsmanniocUndron  (Koorders). 

The  medullary  mestome-bundles  mentioned  above  as  occurring  in 
Teijsmanniodendron  are  present  in  large  numbers  (about  25)  and  consist  of 
libriform  and  wood-parenchyma. 

Not$.  For  the  anatomy  of  the  aerial  and  terrestrial  roots  of  A  vicennia  tomsntosa, 
see  alsoW.  Brenner,  loc.  at.;  regarding  Avicennia  nitida,  Jacq.»  see  Boergesen  and 
Paulsen,  loc  cit. 

Litentnre :  CosUntin,  Tigei  a^r.  et  soat,  Ann.  sc.  nat,  i^r.  6,  t.  zvi,  1883,  p.  laj. — Ksntea, 
MmngTove-Vcgetat.,  Bibl.  boL,  Heit  aa,  1891,  p.  50.— KnobUuch,  Okolog.  Anat.,  etc.,  Habilitat.- 
Schr.,  Tubingen,  1896,  p.  8  et  sea— Schnbert,  Pazenchymicheiden,  Bot  CentndbL,  1897,  iv,  p.  aa — 
Solereder,  Buddleia  CHsuoMa,  Ball  Herbier  Boiuier,  1898,  pp.  633-9.— Van  Tieghem,  ATioen* 
niao^es  et  Svmphor^mac^es,  Jonrn.  de  Bot.,  1898,  pp.  345*05. — Boei^;esen  oe  Panlien,  VegcL 
dansk-vestind.  Oer,  Bot.  Tidaskr.,  xxii,  1898-9,  pp.  37-9  {Avuennta  ni/ida,  Jacq.),  p.  100 
{Citkarexylum  cimreum^  L.)  and  p.  90  et  seq.  {LatUoHa). — Kearny,  in  Contribnt.  U.  S.  Nat.  Heib..  ▼, 
n.  5,  1900,  p.  304  {Lippia  nM&t^fens).— ThomaSi  Fenilles  soot.,  These,  Paris,  1900.— Pitard,  P^ricyde, 
Th^,  Botdcanx,  1001,  p.  88.  —  Areschoiig,  Mangrovepfl.,  Bibl.  bot.,  Heft  56,  190a,  pp.  50-a  and 
Tab.  iy  and  yii  {Avuenma  if£^^^).— BaigagU-Petrncd,  Legnami,  Mal^iglua,  190a,  p.  ^05  (Viteae). 


— Penztg,  Piante  acarofile,  Malpighia,  190a,  p.  451  {Citharexylum).-^.  Bxenner,  Ldtwoneln  yon 
Avicennia  icmenlosa,  Ber.  deutsch.  bot.  GeseUsch.,  190a,  pp.  175-88  and  Tab.  yi-yiii.— Qnanjer, 
Anatomiscb  Bouw,  etc.,  Natnorkond.  Verhandel.  Haarlem,  lii,  5,  1903  {Vitex  trifolia), — ^The<»in, 
Vazttrichom.,  Arkiy  (or  Bot,  i,  1903,  p.  156. — Ursprong,  Dickenwachstum,  Bot.  Zeit,  1904,  p.  191 
et  sea.  (JTectona  gnmdis,  L.). — ^Col,  Faisceanz,  Ann.  se.  nat,  s^.  8,  t.  zx,  1904,  pp.  118, 119. — 
Kooraers,  Teijsmanniadgndfvny  Ann.  Jardin  Boitenzorg,  xU,  1904,  pp.  a  a,  33. — Haberlandt, 
Lichtsinnesornne,  1905,  pp.  73-5  and  Tab.  ii. — Piodou,  Legnami,  Bml.  Siena,  1906,  p.  150. — 
Holtermann,  Einflnss  des  Klimas,  1907,  pp.  31,  59  and  aia. 

LABIATAE  (pp.  636-642). 

1.  Review  of  the  Anatomical  Features.  To  the  list  of  special  features 
we  may  add  the  occurrence  of  characteristic  secretory  cells  in  the  mesophyll 
of  Pogostemon;  these  cells  are  difierentiated  as  internal  (glandular)  haiiSy 
being  provided  with  a  stalk  composed  of  a  small  number  of  cells  and  a  uni- 
cellular vesicular  and  glandular  head  of  varying  shape. 

2.  Structure  of  the  Leaf.  To  p.  637  et  seq.  the  following  details  may 
be  added.  Small  clustered  crystals  of  oxalate  of  lime  have  recently  been 
recorded  also  by  Clauditz  in  Salvia  canariensis^  L.  A  noteworthy  feature 
from  the  s}^tematic  point  of  view  is  the  occurrence  of  a  special  body  in  the 
form  of  Molisch's  scuteUarin  in  all  the  species  of  SadeUaria  which  have  been 
examined,  as  well  as  in  Galeopsis  Tetrahit,  L.  and  Teucrium  Chamaedrys^  L., 
while  the  investigation  of  certain  species  of  BaUota^  BruneUa,  Glechoma^  Lamium^ 
LeonuruSf  MetUha,  Nepeta^  Teucrium^  and  Thymus  gave  a  negative  result ; 
the  chemical  composition  of  this  body  has  been  examined  in  detail  by  Gold« 
schmiedt.  The  chief  seat  of  the  scutellarin  is  in  the  epidermis  of  the  leaf  and 
especially  in  the  lower  epidermis.  On  treating  sections  with  a  10  %  solution 
of  hydrochloric  add  the  scutellarin  crystallizes  out  in  the  form  of  sphaerites 
or  of  needles,  which  are  grouped  in  a  tufted  or  stellate  manner.  Regarding 
the  occurrence  of  masses,  which  resemble  sphaerites  and  show  similarity  with 
hesperidin,  in  the  mesophjrll  of  Hyssopus  officinalis^  see  Tunmann,  loc.  cit. 
I  observed  the  above-mentioned  secretory  cells,  which  are  difierentiated  as 
internal  glandular  hairs,  in  the  Patchouli-drug,  which  is  derived  from  the 
leaves  of  Pogostemon  Patchouli,  Pellet,  as  well  as  in  the  cortical  tissues  of  the 
same  plant.  In  the  leaf  these  secretory  cells  belong  to  the  mesophyll; 
they  are  intercalated  between  the  cells  of  the  palisade  and  spongy  tissues, 
frequently  projecting  into  the  intercellular  spaces.  They  have  a  short 
stalk,  which  is  composed  for  the  most  part  of  two  or  three  low  cells 
with  suberized  walls  and  forms  the  means  of  attachment  to  the  cells  of  the 
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mesophyll,  and  a  variously  shaped  unicellular  head  ;  the  latter  is  either  sac- 
shaped  or  lobed,  and  shows  a  cuticularized  membrane,  which  is  raised  above 
the  cellulose-membrane  like  a  bladder,  in  the  same  way  as  in  the  rather  large 
vesicular  integumental  glands  with  a  unicellular  head  found  on  the  surface 
of  the  leaf ;  the  resinous  or  oily  secretion  is  soluble  in  alcohol  and  fills  both 
the  space  between  the  cellulose-  and  suberized  membranes  and  the  lumen 
of  the  head-cell. 

Clauditz  has  demonstrated  branched  hairs  also  in  Sideritis  (Leucopha^, 
Webb).  The  vesicular  integumental  glands  in  some  cases  (Pogostemon)  merely 
have  a  relatively  large  unicellular  head. 

For  the  occurrence  of  steles  in  the  petiole  of  Phlomis  Russdiana,  see 
Bouygues,  loc.  cit. 

Literature:  Paschlds,  Minder  bek.  Blatter,  Zeitschr.  osterreich.  Apotheker-Ver.,  1879,  P*  4' 5 
«t  aeq.  {Pogosiemon), — Costantin,  Tiges  a^r.  et  souL,  Ann.  tc.  nat,  s^.  o,  t.  zvi,  1883,  p.  113  et  seq. 
— ^Costantin,  Tiges  d.  pi.  aqpat.,  Ann.  sc  nat,  s^r.  6,  t.  xiz,  188^,  p.  287  et  seq.  and  pi.  xv. — ^Jost, 
Zerklitftnog  einig.  Riiiz.  n.  Wniz.,  Bot  Zeit,  1890,  p.  501  (^aArta).— [Tognini,  Stomi,  Atti  1st  bot 
Pavia,  1894.}— 5panjer»  Wasaen^ypante,  Bot.  Zdt,  1898,  i,  p.  50.— >Hirsch,  Entwickl.  d.  Haare, 
Diss.,  Berlin,  1899,  p.  19  et  seq. — ^Kearny,  in  Contrib.  U.  S.  Nat.  Herb.,  v,  n.  5,  1900,  p.  397 
{Teucrium  NasAti,  Keamy). — Tunmann,  SekretdrOsen,  Diss.,  Bern,  1900,  pp.  38-43. — Molisch  tu 
Goldschmledt,  ScnteUarin,  Sitc-Ber.  Wiener  Akad.,  ex,  Abt.  i,  1901,  espedaUy  pp.  185-9. — 
Petersen,  Vedanatomi,  1901,  p.  84.— Pitard,  P^ricyde,  Th^,  Bordeaoz,  looi,  p.  sS.^Booygues, 


Petiole,  Thte,  Paris,  190a,  p.  75. — Clauditz,  Blattanat  canar.  Gew.,  Diss.,  Basel,  190a,  pp.  16,  17 
and  48,  49  {lMucphae\  Murom€ria,  Salvia). — ^[Armari,  Piante  ddla  reg.  medit,  Ann.  at.  Bot,  i, 
1903,  p.  17  et  seq.  {Phlomis,  T%ymu5),'\ — ^Theonn,  Vaxttrichom.,  Arkiv  K>r  Bot,  i,  1903,  p.  156. — 
0)1,  Faisoeanx,  Ann.  s&  nat.,  s6r.  8,  t  xx,  I9|p4,_p.  118.— Freidenfeldt,  Anat  Ban  d.  Waixel,^tbl. 

bot,  Heft  61,  1904,         '  ■ 

Wiinbuig,  1904,  pp. . 

86-93, 101-104  (4fnp8,  ^  ,  .        . 

sc  nat,  s6r.  9,  t  iii,  1906,  pp.  360  and  30a  et  seq. — Picdoli,  Legnami,  BnlL  Siena,  1906,  p.  141. — 

[Tnnmann,  ffysscpus  officinalis, Zt\tv^.  allg.  osterrddi.  Apoth.-Ver.,  1906,  n.  30-31 ;  abstr.  in  Bot 

CentndbL,  dy,  p.  63.] — [Boide,  Redx.  histodum.  snr  les  Labi^es  astringentes,  Tonlonse,  1907.] — 

Solereder,  Die  inneren  baanut.  Sekretdrtisen  des  Patsdiuliblattes,  Archiv  d.  Phann.,  245,  1907, 

pp.  406-9. — [For  further  literature,  see  p.  X170.] 

PLANTAGINEAE  (pp.  642-644). 

In  the  first  place  we  may  add  the  following  details  to  the  section  dealing 
with  The  Structure  of  the  Leaf  on  the  basis  of  Pilger's  recent  investiga- 
tions on  the  anatomy  of  the  species  of  Plantago.  The  leaves  are  for  the  most 
part  centric  in  structure ;  they  either  have  palisade  tissue  on  both  sides  and 
spongy  tissue  in  the  middle,  or  the  mesophyll  consists  of  palisade  tissue  only ; 
in  many  cases,  moreover,  it  is  homogeneous,  being  composed  of  uniform 
assimilatory  tissue  with  rounded  cells.  In  all  the  species  the  stomata  are 
situated  on  both  surfaces  of  the  leaf.  The  vascular  bundles  of  the  veins  are 
invariably  provided  with  sclerenchjonatous  layers  on  their  upper  and  lower 
side  or  are  surrounded  by  a  ring  of  sclerenchyma  ;  in  their  course  through  the 
petiole  they  are  distinct  from  one  another.  A  type  of  clothing  hair,  which  is 
specially  noteworthy  from  the  systematic  point  of  view,  is  constituted  by 
trichomes  having  a  short  stalk-cell,  which  is  seated  on  an  emdermal  cell  as  base, 
and  a  long  flagdliform  terminal  cell  with  thick  walls.  These  clothing  hairs, 
which  have  already  previously  been  recorded  in  Plantago  arcUca^  are  charac- 
teristic of  the  perenmal  species  of  the  section  Oreades,  Decne.,  and  of  the  species 
of  the  sections  Amoglossum,  Decne.  and  LeucopsyUium,  Decne.  The  flagelli- 
form  trichomes  of  PlatUago  Bismarckii,  NiederL  (section  Bistnarckiophyion, 
Harms)  differ  to  a  slight  extent  in  the  fact  that  the  basal  cell,  which  projects 
above  the  level  of  the  leaf,  is  divided  by  a  wall  running  paralld  to  the  surface. 
Another  type  of  trichome  is  found  in  the  species  of  the  subgenus  Psyllium, 
Harms  (e.g.  Plantago  mauritanica)  in  the  form  of  papillose  hairs ;  these  consist 
of  a  large  thick-wdled  cell,  which  is  seated  on  several  epidermal  cells  and  is 
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arched  outwards.  Glandular  hairs  occur  only  in  species  of  the  subgenus 
Psylliumy  Harms.  Pilger  remarks  upon  them  as  follows :  *  One  finds  either 
mi^ticellular  sessile  glands,  or  a  multicellular  head  inserted  on  a  delicate 
unicellular  stalk,  or  a  unicellular  head  on  a  multicellular  stalk ;  in  the  latter 
case  one  or  two  of  the  cells  below  the  head  have  thin  walls,  while  the  epidermal 
cell  and  the  first  few  cells  of  the  hair  are  broadened  and  have  thickened  walls.' 

As  regards  The  Axis  of  the  genus  Plantago  (p.  644)  we  may  note  in  the 
first  place  that  certain  differences  m  structure  go  hand  in  hand  with  the  varied 
morphological  nature  of  the  stem,  which  is  differentiated  either  as  a  rhizome 
or  as  a  subaerial  axis.  The  earlier  statement  as  to  the  absence  of  medtillary 
rays  must  be  limited  in  the  sense  that  there  are  no  secondary  medullary  rays. 
The  xylem-ring  shows  interruptions,  which  are  of  primary  origin  (primary 
medullary  rays),  although  they  are  not  to  be  found  in  every  transverse  section  ; 
the  parenchyma  composing  these  rays,  or  at  least  some  of  it,  often  becomes 
Ugnified.  In  the  annual  species  belonging  to  the  subgenus  Psyllium  a  typical 
multiseriate  ring  of  bast-fibres  is  generally  developed  in  the  pericycle  on  the 
inner  side  of  the  endodermis,  which  is  devoid  of  chlorophyll ;  to  judge  by 
Reiche's  statements  the  same  is  the  case  in  Plantago  Fernandezia^  Bert.  In 
other  cases  t3^ical  hard  bast  appears  to  be  wanting,  and  it  is  only  in  certain 
species  of  the  section  Leucopsyllium  (e.g.  Plantago  albicans)^  m  Plantago 
Bismarckii,  Niederl.,  P.prtnceps^  Cham,  et  Schlecht.  and  in  certain  shrubby 
species  of  the  subgenus  Psyllium  (e.g.  Plantago  sinaica.  Bam.)  that  one  meets 
with  sclerenchjmiatous  elements  at  the  outer  limit  of  the  bast ;  these  elements 
are  probably  for  the  most  part  parenchymatous,  being  differentiated  from  the 
outermost  portion  of  the  soft  bast.  In  those  species,  which  have  a  thick  mass 
of  wood,  the  phloem  is  feebly  developed.  In  the  fleshy  rhizomes  there  are  long 
rows  of  cambiform  cells,  the  outer  layers  of  which  show  coUenchymatous 
thickening.  The  tissue  of  the  pith  either  persists  as  thin-walled  parenchjrma 
or  (in  the  shrubby  species)  becomes  lignified  ;  the  cells  occasionally  bear  large 
pits.  Medullary  cambiform-bundles  occur  chiefly  in  the  fleshy  rhizomes  of 
the  species  belonging  to  the  section  Polyneuron,  Decne.  (exceptions  :  Plantago 
palmatay  P.  cordata.  Lam.,  &c.),  although  they  are  sometimes  found  also  in 
species  of  the  section  Heptaneuron,  Decne.,  and  in  Plantago  princepSy  Cham, 
et  Schlecht.,  which  together  with  P.  Femandezia^  Bert,  (which  is  distinguished 
by  having  medullary  and  cortical  bundles,  see  p.  644)  constitutes  the  section 
Dendriopsyllium^  Decne.  In  Plantago  CornuH^  Gouan  there  are  all  transitions 
between  these  medullary  bundles  and  true  vascular  bundles ;  the  latter  are 
recorded  by  Pilger  also  in  P.  princeps.  Groups  of  stone-ceUs  are  found  in 
the  pith  of  the  fleshy  rhizomes  of  species  belonging  to  the  section  Oreades^ 
Decne.  and  in  the  pith  and  primary  cortex  of  the  fleshy  rhizomes  of  species  of 
the  section  Arnoglossum^  Decne.  (also  in  the  annual  species  Plantago  Lagopus, 
P.  lusitanica^  Willd.,  &c.). 

We  may  finally  mention  a  phenomenon,  which  has  been  observed  in  a  few 
species  of  the  section  Oreades  (e.g.  Plantago  saxatilis^  Bieberst.)  and  in  Plantago 
alpina,  L.  (section  CoronopuSy  Decne.) ;  in  these  forms  the  rhizome  splits  up  into 
several  large  bundles  owing  to  the  formation  of  medullary  cork,  which  enters 
into  connexion  with  the  outer  periderm  by  way  of  the  primary  medullary 
rays  (for  detdls,  see  Pilger,  loc.  cit.).  We  may  also  add  a  statement  of  Reiche, 
which  was  overlooked  in  the  earlier  part  of  this  work,  and  according  to  which 
abundant  '  crystals  '  are  present  in  the  pith  of  Plantago  Femandexia, 

The  flowering  scapes  of  Plantago  show  a  more  or  less  developed  ring  of  bast- 
fibres  adjoining  ^e  ring  of  vascular  bundles,  while  on  the  outer  side  of  the  ring  of 
fibres  there  is  an  endodermis  which  does  not  contain  any  chlorophyll.  Numerous 
strands  of  sieve-tubes  are  found  between  the  vascular  bundles  being  situated  at 
the  limit  of  the  pith  and  the  ring  of  bast-fibres. 
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litentiiTe:  Cottantin,  Tiges  a^r.  et  loat,  Ann.  sc  nat.,  i^r.  6,  L  zvi,  1883,  p.  134  et  seq. — 
Scbabeit,  Parenchymscheiden,  Bot.  Centralbl.,  1897,  It,  p.  6a.— Pilger,  VergL  Anat.  d.  Gatt 
PlantagOy  in  Engler,  Bot.  Jahrb.,  xxt,  .1898,  pp.  295-351.— Minden,  Wassersez.  Org.,  Bibl.  bot, 
Heft  46,  1809,  p.  18  (Zfir/^tf/Ax).— Swanlnnd,  Vegetat.  Ncn-Amsteidams  u.  St.  Pauls,  Diss.,  Basel, 
1 901,  pp.  a(>-9  {Planiago  Stauntoni^  Reichenb.^). 

NYCTAGINEAE  (pp.  645-649). 

2.  Structure  of  the  Leaf.  The  following  details  are  taken  from 
Heimerl's  and  Gidon's  recent  investigations.  The  leaves  show  centric  structure, 
for  example,  in  Botigainvillea  patagonica^  Decne.,  Phaeoptilon  spinosum^  Radlk. 
and  Abromia  umbeUaia^  Lam.  In  Boerhaavia  viscosa^  Lag.  et  Rodr.  the  cells 
of  the  palisade  tissue  are  provided  with  short  processes,  which  are  sharply 
demarcated  from  the  cell  proper  and  form  the  means  of  connexion  between 
the  cells ;  similar  short  processes  are  found  also  on  the  cells  of  the  spongy 
tissue  in  this  species,  and  altogether  appear  to  be  of  rather  frequent  occurrence 
on  the  cells  of  the  leaf-tissue  in  the  Nyctagineae  {Bougainvillea  spectabilis^ 
Willd.,  Oxybaphus  viscosus^  L'H^it.,  &c.).  In  Boerhaavia  viscosa  the  vascular 
bundles  of  the  smaller  veins  are  surrounded  by  a  sheath  of  large  parenchyma- 
tous cells,  which  is  only  interrupted  opposite  the  bast,  while  the  sheaths  of 
the  larger  veins  afe  less  complete  ;  a  weakly  developed  sheath  of  large  paren- 
chymatous cells  has  been  recorded  also  in  Bougainvillea  speciabilis,  and  a 
distinctly  differentiated  sheath  in  Phaeaptilum  spinosum.  In  Bougainvillea 
paiagonicay  Boerhaavia  viscosa  and  Phaeopiilum  spinosum  the  stomata  are 
found  on  both  surfaces  of  the  leaf.  The  last  of  these  species  has  a  hj^derm 
of  large  cells  with  rather  thick  walls  beneath  the  epidermis.  According  to 
Heimerl  uniseriate  trichomes  with  a  swollen,  vesicular  terminal  cell,  which 
has  a  rather  thick  stratified  wall,  so  that  the  amoimt  of  secretion  is  insignificant, 
are  very  widely  distributed  in  the  species  of  Bougainvillea.  The  same  author 
also  records  small  uniseriate  trichomes  with  a  few  short  stalk-cells  and  a  clavate 
or  vesicular  terminal  cell,  which  sometimes  has  thick  stratified  waUs,  in 
Bougainvillea  patagonica ;  these  hairs  occasionally  bear  lateral  vesicular  cells 
in  addition  to  the  terminal  one,  and  thus  approximate  to  the  branched  hairs 
with  a  glandular  function,  previously  described  in  Pisonia  tomeniosa  (see 
Fig.  154,  B,  p.  646).  The  deposits  of  oxalate  of  lime  in  this  Order  appear  not 
uncommonly  to  assume  diverse  crystalline  forms  in  one  and  the  same  organ 
(see  the  earlier  statements  regarding  Pisonia  nitida).  In  species  of  Bougain- 
villea Heimerl  observed  the  following  types  occurring  side  by  side :  raphide- 
sacs  of  varied  size  and  differentiation,  short  sacs  containing  a  large  niunber 
of  delicate  needles,  sacs  with  distinct  prismatic  crystals,  &c.  In  the  veins 
of  the  leaf  of  Phaeopiilum  spinosum  short  prismatic  crj^tals  are  foimd  side  by 
side  with  bundles  of  raphides.  Elongated  styloids,  traversing  the  mesophyU 
at  right  angles  to  the  surface  of  the  leaf,  are  characteristic  of  Bougainvillea 
modesla,  Heimerl,  and  B,  siipitata,  Griseb. 

For  the  arrangement  of  the  vascular  bimdles  in  the  median  vein  and  their 
course,  see  Gidon,  loc.  cit. 

Literature:  [Ormondy,  Schlauchgef.  y.  Mirabilis,  Koloszvar,  1881,  31  pp.  (Hungarian).] — 
Gidon,  Appareil  conducteur  dans  la  tigc  et  dans  la  feuille  des  Nyctagin.,  Tb&,  Caen,  1900,  120  pp., 
pi.  i-Ti ;  see  also  M^m.  Soc  Linn,  de  Normandie,  xx,  1900.— Heimerl,  Monogr.  d.  Nyctagin.,  i 
{BoHgainvilleat  Phaeaptilum,  Colignomd)^  Denkschr.  Wiener  Akad.,  Izz,  iQoi,  p.  97  et  seq. — 
[Ricssner,  Beitr.  z.  Anat  d.  Bl.  mancher  Nyctagin.,  Societas  historico-natnralis  croatica,  xii,  1901^ 
pp.  1-24,  3  Tab.  (Croatian) ;  abstr.  in  Bot.  Centralbl.,  Ixxxix,  pp.  146  and  357.] 


^  The  statements  in  this  paper  as  to  the  occurrence  of  crystals  of  carbonate  of  lime  in  the  axis  of 
the  inflorescence  and  in  the  mesophyU  are  no  doubt  incorrect. 
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ILLECEBRACEAE  (pp.  649-651). 

To  the  first  paragraph  which  sununarizes  the  Anatomical  Features 
OF  THE  Order  we  may  add  the  following  details.  Pericyclic  development  of 
the  cork  has  been  observed  in  the  axis  of  Gymnocarpos^  Habrosia^  and  Sderan- 
thus.  Stomata  conforming  to  the  Caryophylleous  type  occur  also  in  Habrosia. 
Branched  hairs  are  found  also  in  Achyronychia,  and  uniseriate  glandular  hairs 
with  a  imicellular  head  also  in  Habrosia,  Masses  of  crystal-sand,  similar  to 
those  foimd  in  GymnocarpoSy  are  present  also  in  Habrosia  and  Dysphania. 
Lastly,  anomalous  structure  of  the  vascular  system  (successive  rin^  of  growth) 
has  been  observed  also  in  the  axis  of  Ccnnetes^  and  in  the  root  m  species  of 
Acanthonychia  (Pentacaena\  Achyronyckiay  ComeUs^  Corrigiola,  Dysphania^ 
Haya^  and  PoUichia. 

The  Structure  of  the  Leaf  (as  well  as  that  of  the  axis)  has  recently 
been  examined  especially  by  Josting  and  Liiders,  their  investigations  dealing 
with  species  of  lUecebrum^  Acanthonychia  (Pentacaena)^  Dysphania,  PoUichia^ 
Hay  ay  Achyronychia,  Paronychia^  Herniariay  Siphonychiay  Anychia,  CorrigtoUiy 
GymnocarpoSy  SclerocephaluSy  PUranthus,  ComeieSy  Dicheranihus,  Scleranthus 
and  Habrosia.  The  structure  of  the  leaf  is  centric,  more  rarely  {Siphonychia) 
bifacial;  according  to  Josting  distinct  palisade  tissue  is  more  conunonly 
developed  than  Liiders'  recent  statements  lead  one  to  suppose.  Stomata 
of  the  Caryophylleous  type  are  foimd  also  in  Habrosia  spinuli flora,  Fenzl,  while 
in  Siphonychia  americana,  Torr.  only  some  of  the  stomata  are  surrounded  by 
distinct  subsidiary  cells  of  relatively  small  size.  In  the  remaining  members 
of  the  Order  subsidiary  cells  are  wanting.  In  Habrosia  sinnuliflora  the  stomata 
on  the  leaf  show  the  same  arrangement  as  in  Scleranikus ;  the  same  feature 
has  been  observed  also  in  Anychia  dichotoma,  Michx.  and  Gymnocarpos  fruti- 
cosum,  Pers.  (=  G.  decandrutHy  Forsk.).  Deeply  sunk  stomata  are  found  also 
in  Pteranthus  echinatus.  In  the  species  examined  by  Liiders  the  stomata  are 
always  present  on  both  surfaces  of  the  leaf.  The  epidermal  cells  in  the  species 
investigated  by  Josting  are  of  large  size  in  all  the  members  of  the  Tribes 
PolUchieae  and  Paronychieae  (with  the  exception  of  Paronychia  serpyllifoliay  DC. 
and  Herniaria  glabray  L.),  as  well  as  in  Cometes  abyssinica,  R.  Br. ;  Pteranthus 
echinatus  has  high  epidermal  cells,  whilst  the  cells  of  the  epidermis  are  unusually 
large  in  Habrosia  spinuliflora  and  Scleranthus  perenniSy  L.  Strong  punctation 
of  the  cuticle  is  characteristic  of  lUecebrum  (Liiders),  while  in  other  cases  a  slight 
punctation  or  striation  may  be  observed.  Papillae  are  found  at  the  margin 
of  the  leaf  and  beneath  the  veins  in  species  of  the  genera  Achyronychia,  Anychia, 
CometeSy  Corrigiola,  Habrosiay  PoUichia  and  Scleranthus.  In  Cometes  abyssinica, 
Dicheranthus  plocamoideSy  Webb,  and  Pteranthus  echinatus  the  epidermis  is 
covered  by  a  thick  deposit  of  wax.  The  vascular  bundles  of  the  veins  are 
occasionally  accompanied  by  sclerenchyma  (species  of  Acanthonychia,  Habrosia, 
Paronychia,  PoUichiay  ScleranthuSy  &c.). 

Unicellular  clothing  hairs  have  been  observed  also  in  Siphonychia,  and 
uniseriate  hairs  also  in  Habrosia ;  transitional  forms  between  unicellular 
trichomes  and  richly  branched  multicellular  hairs  have  been  found  in  Achyro- 
nychia Parryi,  Hemsl.  The  different  parts  of  the  stem  in  Cometes  abyssinica 
bear  peculiar  uniseriate  trichomes,  consisting  of  a  large  and  broad  barrel- 
shaped  basal  cell,  followed  by  four  further  cells,  which  show  a  successive 
decrease  in  size,  and  ending  in  a  pyriform  terminal  cell ;  the  trichomes  found 
on  the  surface  of  the  leaf,  on  the  other  hand,  are  reduced  to  the  pyriform  cells, 
which  bear  scattered  grains  of  wax.  Glandular  hairs  with  a  uniseriate  stalk  and 
a  unicellular  spherical  secretory  head  are  present  also  in  Habrosia  sj^nuliflora. 
Clustered  crystals  of  oxalate  of  lime  are  widely  distributed  both  m  the  leaf 
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and  axis.  A  feature  deserving  mention  is  the  occurrence  of  rows  of  clustered 
crystals  at  the  margin  of  the  leaf  in  Anychia  dichotoma,  Michx.  and  Habrosia 
spinuUflora.  The  characteristic  masses  of  crystal-sand  have  aiso  been  found 
by  Josting  in  Habrosia  spinulifiara  (in  the  axis  and  leaf)  and  by  Liiders  in 
Dysphania. 

We  may  now  consider  the  Structure  of  the  Axis.  In  most  of  the 
species  the  vascular  bundles  imite  to  form  a  ring,  but  in  Corrigiola  capensis^ 
WiUd.  the  transverse  section  of  the  stem  shows  six  isolated  bundles,  which 
are  alternately  large  and  small  and  are  arranged  in  a  single  ring.  As 
regards  the  structure  of  the  wood  we  may  first  note  that  Josting  likewise 
failed  to  observe  typical  medullary  rays  in  any  of  the  species.  The  vessels 
invariably  have  simple  perforations.  In  almost  all  the  members  of  the  PoUi- 
chieae,  Paronychieae  and  Sclerantheae,  which  have  been  examined,  the 
wood-prosenchjona  bears  bordered  pits ;  the  only  exceptions  are  Herniaria 
glabra^  L.,  in  which  Josting  did  not  find  any  lignined  wood-fibres  whatsoever, 
and  Achyranychia  Parryi^  Hemsl.,  in  which  the  wood-fibres  are  not  pitted. 
The  relative  numbers  of  vessels  and  wood-fibres  participating  in  the  formation 
of  the  wood  are  subject  to  variation.  An  endodermis  composed  of  large  cells 
is  developed  in  very  many  members  of  the  Order.  The  sclerenchjmia  in  the 
perlcycle  for  the  most  part  forms  a  closed  stren^hening  ring  consisting  of 
from  one  to  five  layers  of  fibrous  cells ;  in  the  thicker  parts  of  the  axis  this 
ring  may  become  burst  open.  In  Corrigiola  capensis  the  pericycle  contains 
isolated  groups  of  fibres  only,  while  in  Pteranthus  echinatus  the  gaps  in  the 
sclerenchymatous  pericycle  are  closed  by  sclerosed  parench3mia.  On  the 
inner  side  of  the  pericyclic  sclerenchjroa  one  occasionally  meets  with  paren- 
chymatous tissue  belonging  to  the  pericycle,  and  in  lUecebrum  verticiUatum^  L. 
this  tissue  consists  of  remarkably  large  cells ;  within  the  parenchymatous 
pericycle  Ues  the  soft  bast,  which  shows  collenchymatous  differentiation  in 
many  of  the  species.  Subepidermal  development  of  the  cork  has  been  observed 
also  in  Anychia  (according  to  Regnault),  Herniaria  glabra  and  Paronychia 
serpyUifoliay  while  the  origin  of  the  cork  is  pericyclic  in  Gymnocarpos  fruti- 
cosum,  Habrosia  spintdiflora  and  Sderanthus  perennis.  In  many  members  of 
the  Order  there  is  a  cavity  in  the  pith. 

Anomalous  structure  of  the  vascular  system,  consisting  in  the  formation 
of  concentric  rings  of  vascular  bundles,  is  found  also  in  the  axis  of  CotneUs 
(according  to  Liiders),  in  the  root  of  Achyronychia  Parryi^  A.  Gray,  Corrigiola 
capensis^  Willd.  and  PoUichia  campestris,  Sol.  (according  to  Josting),  and  in 
the  more  strongly  developed  roots  of  certain  unnamed  species  of  Acanthonychia 
{Pentacaena\  ComeieSy  Dysphania  and  Haya  (according  to  Liiders). 

Literature:  Christ,  Laubblattstengel  der  Caryophyllinen  n.  Saxifrageen,  Diss.,  Marburg,  1887, 
pp.  60-8. — W.  Meyer,  Beitr.  z.  vergl.  Anat.  d.  Caryophyllaoeen  n.  Primulaceen,  Diss.,  Gottingen, 
1899,  PP-  39^4'- — [Parmentier,  Gnavelles  de  France,  Ann.  Soc.  bot.  Lyon,  xxiv,  1899,  p.  83 
(Sc/eranthus),^ — Josting,  Anat  d.  Spergnleen,  Polycarpeen,  Paronychieen,  Sclerantheen  n.  Pteran- 
theen,  Beih.  z.  Bot.  Ccntralbl.,  xii,  1903,  pp.  149-56, 159-63, 163  and  171  etseq.,  also  Tab.  ii[or4]. — 
H.  Liiders,  Untersnch.  iiber  d.  Caryophyllaceen  mit  einfachem  Diagramm,  Diss.,  Erlangen,  1906, 
pp.  33-8  ;  sep.  copy  from  Engler,  Bot.  Jahrb.,  xl. 

AMARANTACEAE  (pp.  651-655). 

2.  Structure  of  the  Leaf.  Capitate  hairs  with  a  uniseriate  stalk  com- 
posed of  a  small  number  of  cells  and  a  tubular  unicellular  head  are  found  also 
in  Iresine  (/.  sfnculigera,  Seub.).  Uniseriate  clothing  hairs  having  pointed 
ends  and  consisting  of  several  short  basal  cells  and  one  or  more  longer  terminal 
cells,  which  are  either  smooth  or  papillose,  occur  also  in  species  of  Gomphrena. 
Froelichia  tomentosa,  Moq.  has  uniseriate  clothing  hairs  composed  of  a  basal 
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cell  which  is  differentiated  as  a  |>edestal  and  is  followed  by  two  or  three  short 
and  narrow  cells,  and  a  longer  pointed  terminal  cell  (Seubert). 

Literature:  Seubert,  in  Martius,  Flora  brasil.,  v,  i,  1875,  Tab.  50  et  teq.^Viret,  Liaisons  da 
phlo^e  mM.  etc.|  Institut  bot.  de  Geni^e,  1904,  pp.  18-35  i^Achyranthes). 

CHENOPODIACEAE  (pp.  655-663). 

1.  To  the  Review  of  the  Anatomical  Features  we  may  add  that 
unicellular  hairs  occur  in  this  Order,  but  are  only  very  rarely  found  (Salsola). 

2.  The  Structure  of  the  Leaf  has  recently  been  examined  especially 
by  MontellS  and  further  statements  will  also  be  found  in  Solms-Laubach's 
work  (loc.  cit.).  The  structure  of  the  mesophyll  in  Kirilowia  eriantha^  Bunge 
(Tribe  Camphorosmeae)  conforms  to  the  second  of  the  special  types  mentioned 
in  the  earlier  part  of  this  work,  while  Camphorostna  tnonspeliacum,  L.  belongs 
to  the  third  type  (Montell).  According  to  Montell,  however,  ordinary  types 
of  leaf-structure  are  also  found  in  the  Order,  e.g. :  bifacial  structure  with  one 
or  more  layers  of  palisade  tissue  on  the  upper  and  rather  dense  spongy  tissue 
on  the  lower  side  (species  of  AnthochlamySy  Beta^  Chenopodium,  Spinada^  &c.) ; 
a  homogeneous  mesophyll  composed  of  rounded  cells  (Axyris  hybrida^  L.) ; 
centric  structure  with  one  or  more  vascular  bundles  occup3ang  a  central 
position  and  a  sheath  of  one  or  more  layers  of  palisade  tissue  beneath  the 
epidermis  (Lophiocarpus  polysiachyus^  Turcz.,  Kochia  hirsuta^  Nolte)  or  centric 
structure  with  a  mesophyll  formed  entirely  by  short  paUsade-cells  (Beta 
matitima^  L.). 

The  following  details  are  taken  from  Solms-Laubach's  investigations.  In  some 
of  the  species  of  Suaeda  (5.  ForskcUii^  Solms,  5.  pruinosa,  Lge.  and  5.  vermiculata^ 
Forsk.)  as  well  as  in  Schanfinia  baccata,  Moq.  and  5.  hortensis,  Moq.  the  arc- 
shaped  vascular  system,  which  occupies  a  central  position,  is  enveloped  from 
within  outwards  by  the  following  sequence  of  tissues :  (a)  first  by  aqueous  tissue  ; 
then  (6)  by  a  sheath  of  collecting  cells  ;  and  {c)  finally  by  a  single  layer  of  palisade 
tissue  situated  beneath  the  epidermis.  In  other  species  of  Sttaeda  (5.  alUssimaf 
Pall.,  5.  fruticosa,  L.,  5.  mafitima,  L.,  5.  physophora^  Pall.,  5.  salsa^  PalL,  5.  seiigera^ 
DC),  on  the  other  hand,  there  is  nothing  but  palisade  tissue  (comprising  several 
layers  of  cells  in  the  radial  direction)  between  the  epidermis  and  the  vascular 
network.  The  same  structure  of  the  leaf,  as  is  figured  m  Fig.  158,  B  (p.  656)  after 
Volkens  for  a  plant  described  as  Salsola  longifolia,  Forsk.,  but  considered  by  Solms 
to  belong  to  ^.  Sieberi,  Presl,  is  found  according  to  the  latter  authority  also  in 
Salsola  oppositifolia,  Desf.,  5.  Schweinfurthih  Solms,  5.  tetragona,  Delile,  5.  ver- 
mictdata,  L.,  Halogeton  alopecuroides,  Moq.,  Traganutn  nudatum^  Delile  and  Sevada 
Schimperi,  Moq. ;  these  species  likewise  show  vascular  strands  which  branch  off 
from  the  median  vascular  bundle  and  run  in  the  aqueous  tissue. 

Special  sheaths  hke  those  previously  described  are  developed  in  the  veins 
of  the  leaf  also  in  species  of  CoHspermum  (Corispermeae).  Sclerenchyma  is 
found  accompanying  the  median  vem  in  Ceratocarpus  arenarius^  L.  and  Grayia 
polygaloideSy  Hook,  et  Am.  (Montell). 

The  transverse  arrangement  of  the  stomata  mentioned  on  p.  658  has 
been  observed  also  on  the  stem  of  Camphorostna  monspeliacum  (Cassan). 

To  the  section  dealing  with  the  hairy  covering  we  may  in  the  first  place 
add  that  short  imicellular  clothing  hairs,  appearing  to  the  naked  eye  as  small 
bristles,  actually  occur  in  Salsola  (5.  Tragus ^  L.),  so  that  contrary  to  the  earlier 


*  Monteirs  investtgatioDS  deal  with  the  following  genera :  Rhagodia^  LophiocarptiSy  Chenopo- 
dium  incl.  Blitum,  RouHeva^  Beta,  Oreobliton  ;  Spinacia,  A  triplex,  Grayia,  Ceratocarpus;  Axyris^ 
Camthorcsma,  Kirilowia \  Corispertnum,Anthochlamys\  Polycnemum\  ChenoUaincX.Echinopsiionj 
Kochia,  Enchylaena;  Suaeda  \  Salsola,  Anabasis,  Kanophytum,  Sympegma, 


ADDENDA— CHENOPODIACEAE  1029 

statement  unicellular  trichomes  ^  are  not  wanting  in  all  the  Chenopodiaceae* 
Among  the  members  of  the  Camphorosmeae^  in  wluch  Montell  records  dothing 
hairs  with  a  long  terminal  ceU  bearing  papillae,  Enchylaena  iamentosa^  R.  Br. 
deserves  special  mention,  owing  to  the  great  length  of  the  papillae  in  thb 
species. 

Vesicular  hairs  in  which  the  terminal  cell  shows  varied  differentiation 
(sometimes  even  in  one  and  the  same  species)  were  observed  by  Montell  also 
in  species  of  Roubieva^  Oreobliton^  Spinacia  and  Chenolea  {EchinopsUan).  In 
some  of  the  vesicular  hairs  found  in  Chenopodium  anlhdfninUcum^  L.  and 
Roubieva  muUifida^  Moq.  the  terminal  cell  is  two-armed. 

True  glandular  hairs,  which  secrete  oil  and  have  a  structm-e  similar  to  that 
figured  in  Fig.  159,  0,  are  found  in  Roubieva  muUifida^  which  I  have  myself 
examined. 

In  certain  members  of  the  Order  the  clustered  crystals  of  oxalate  of  lime 
fill  large  idioblasts  in  the  mesophyll.  Cdls  containing  crystal-sand  were 
observed  by  Montell  in  the  mesophyll  in  the  following  additional  cases  :  Beta 
pro  parte,  Corispermum  (pro  parte,  side  by  side  with  clustered  crystals), 
Enchylaena  tomentosa^  R.  Br.,  Nanophyium  juniperinum^  C.  A.  Mey.,  Oreo- 
bliton  thesioideSy  Dur.  et  Moq.  and  Suaeda  aUissima,  Pall,  (whilst  other  species 
of  Suaeda  have  no  oxalate  of  lime  in  the  leaf).  A  subepidermal  layer  containing 
clustered  crystals  occurs  also  in  the  leaf  of  Salsola  Soda,  L.  (but  not  in  that 
of  S.  Kali,  L.). 

3.  Structure  of  the  Axis.  The  development  of  the  cork,  which  is 
described  as  pericyclic  on  p.  662,  has  been  carefully  studied  by  Leisering. 
It  is  a  familiar  fact  that  the  cork  in  this  case  occasionally  arises  so  near  to  the 
anomalous  vascular  system  that  it  appears  to  take  its  origin  in  the  meristem, 
which  produces  the  anomalous  secondary  growth  of  the  latter.  It  has  now  been 
shown  that  the  cells  of  the  cork-cambiimi  either  belong  to  the  parenchymatous 
pericycle  or  are  given  off  on  its  outer  side  by  the  meristem  just  referred  to. 
In  Atriplex  hastata,  L.  the  place  of  origin  of  the  cork  varies  in  one  and  the 
same  transverse  section ;  at  certain  points  the  cork  is  found  immediately 
external  to  the  groups  of  pericyclic  sclerenchyma,  while  at  other  points  it  is 
situated  immediately  on  their  inner  side.  According  to  Leisering  the  cork  in 
Eurotia  ceratoides,  C.  A.  Mey.  includes  lamellae  composed  of  one  or  two  layers 
of  uniformly  sclerosed  cells.  In  the  species  just  named,  as  well  as  in  Haloxylon 
Ammodendron,  Bge.  and  H.  articulatum,  Bge.,  Jonsson  records  a  peculiar 
process  of  gelatinization  among  the  cells  of  the  cork.  In  these  species  the 
cork  besides  containing  cells  of  the  normal  type  includes  '  pheUoid-cells ' 
(occasionally  containing  small  cr3^tals  of  oxalate  of  lime)-,  which  ultimately 
come  to  have  a  spherical  shape  and  become  separated  from  one  another  as 
a  result  of  the  gelatinization  of  their  middle  lamellae  and  of  the  inner  layers 
of  their  membranes. 

As  regards  the  occurrence  of  tracheids  with  a  spiral  strengthening  band 
(see  p.  663),  we  may  add  that  in  Salicomia  herbacea  Montell  records  a  small 
number  of  imperfectly  differentiated  tracheids,  while  in  S.  macrosiachya  he 
figures  spiral  tracheids  side  by  side  with  spicular  cells. 

The  following  additional  details  regarding  the  anomalous  structure  of 
the  fibrovascular  system  of  tiie  root  (see  p.  663)  are  taken  from  Fron's 
investigations.    The  arrangement  of  the  bundles  of  wood  and  bast  is  the  same 


^  Montell  (loc.  cit,  p.  ao)  correctly  records  unicellular  trichomes  in  Salsola ;  on  the  other  hand 
his  statement  to  the  effect  that  sndi  hairs  occur  in  Kbckia  scoparia,  Schrad.  is  incorrect,  as  I  hare 
found  by  an  inyestigation  of  this  species.  The  capitate  hairs,  which  Montell  (loc  dt.,  pp.  30,  49 
and  70,  71)  figures  as  unicellular  in  species  of  Chenopodium^  OreoblUon  and  Atriplex ^  no  dpnot 
in  all  cases  have  a  distinct  uni-  or  multicellular  stalk ;  reinvestigation  of  Atriplex  portulacoideSy  Ln,  at 
all  events,  showed  this  to  be  the  case  in  this  species. 
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as  in  the  stem.  Concentric  rings  of  bundles  (Type  I)  are  found  in  species  of 
BeUij  Camphorosma,  Chenopodium,  Cortspermum,  Kochia,  and  Spinacia,  being 
incomparably  more  abundant  than  in  the  stem;  but  the  second  type,  in 
which  the  vascular  bundles  are  embedded  in  prosenchymatous  conjunctive 
tissue,  has  also  been  observed,  the  bundles  not  unconunonly  exhibiting  a  spiral 
arrangement.  Fron  has  shown  that  this  spiral  arrangement  takes  its  origin 
in  an  irregular  differentiation  of  the  primary  (diarch). vascular  S3^tem,  and 
becomes  intensified  in  the  first  place  during  the  course  of  the  normal  growth 
in  thickness  and  subsequently  during  the  anomalous  growth ;  the  spiral 
arrangement  may,  moreover,  be  explained  as  a  result  of  the  position  of  the 
radicle  in  the  seed  and  of  the  mechanical  pressure,  which  is  exerted  upon  it 
by  the  cotyledons.  This  spiral  arrangement  has  been  found  both  in  the  main 
root,  developed  from  the  radicle,  and  in  the  lateral  roots  ;  it  is  only  a  specific 
character,  being  recorded  by  Fron  in  species  of  Anabasis,  Atriplex,  Chenopodium, 
Haloxylon^  Ohione,  Salicornia,  Salsola  and  Suaeda.  It  remains  to  mention  that 
in  one  and  the  same  species  the  vascular  bundles  of  the  root  are  occasionally 
arranged  according  to  the  first  type,  while  those  of  the  stem  are  arranged 
according  to  the  second  type  ;  this  is  the  case  in  Beta,  Blitumj  Sptnada,  and  a 
few  species  of  Chenopodium  (e.g.  C.  Bonus  Henricus^  C.  murale  and  C,  rubrum). 

literature:  [Paschkis,  Pharmakogn.  Beitr.,  Zeitschr.  osterreich.  Apotheker-Ver.,  1880,  n.  27, 
28 ;  abstr.  in  Bot.  Centralbl.,  1881,  i,  p.  54  (C^^n^^/iMm).]— Mangin,  Cellules  spiral^,  Bull.  Soc. 
bot.  de  France,  1882,  p.  16  ;  and  Ann.  sc.  nat.,  ser.  6,  t.  xiii,  1882,  pp.  214,  215. — Schnlz,  Epidermis- 
zellen  bei  Salicantia  A^dacga,  Ber.  deutsch.  bot  Gesellsch.  1880,  p.  52. — [Vibouchevitch,  Plantes 
des  terrains  salants.  Rev.  sc.  nat.  appliqu^,  1893;  dted  from  MontelK] — rPanunel,  Russian  Thistle 
{Salsola  Kali)^  Bull.  Iowa  Agricult.  College  Eiq).  Sut,  n.  26,  1894,  33  pp-J— {Pontebnia,  £t  snr  Ics 
halophytes  de  la  Crim^,  1894;  ci^^  ^^^  Montell.]— [Tognini,  Stomi,  Atti  IsL  bot  Pavia,  1894.] 
— Fron,  Racine  des  Suaeda  et  des  Salsola^  Comptes  rendns  Paris,  cxxv,  1897,  pp.  366--8. — Fron, 
Struct,  spiralie  des  rac.  d.  cert.  Chenopodiac,  Comptes  lendns  Paris,  cxxvii,  1898,  pp.  563-5  ;  and 
BetteiBTe,  loc  cit.,  pp.  397-400. — Fron,  Rech.  anat.  sur  la  racine  et  les  tiges  des  Chenopodiac., 
Ann.  sc.  nat.,  s^r.  8,  t.  ix,  1899,  pp«  157-240  and  PI.  v-x. — Herzog,  Monogr.  d.  Znckerrube, 
Hamburg,  1899,  p.  4  et  seq.— Hirsch,  Entwickl.  d.  Haare,  Diss.,  Berlin,  1899,  p.  20. — Leisering, 
Korkbild.  bei  den  Chenopodiac.,  Ber.  deutsch.  bot.  Gesellsch.,  1899,  pp.  343-55  and  Tab.  xix. — 
Leisering,  Interxylares  Leptom,  Diss.,  Berlin,  1899,  pp.  9-1 1. — Cassan,  Campkorosma  numspeliaca^ 
Thte,  Montpellier,  1901,  pp.  31-46.— Solms-Lanbaco,  Spirolobe  Chenopodeen,  Bot.  Zeit.,  1901,  i, 
pp.  168-70. — Jonsson,  WUstenpfl.,  in  Lunds  Univers.  Aisskrift,  xxxviii,  Aid.  2,  n.  6,  1902,  pp.  6-18 
and  Tab.  i,  ii  {Haloxylon,  £uroiia).^'Pons,  AtripUx^  Nuovo  Giom.  bot  Ital.,  N.  S.,  ix,  1902, 
PP-  35-48  wad  Tab.  i.— Thcorin,  Vaxttrichom.,  Arkiv  for  Bot,  i,  1903,  p.  173. — Chrysler,  Strand- 
plants,  Bot.  Gazette,  xxxvii,  1904,  p.  461  et  seq.  {Atriplex\ — Sarton,  Anatomic  d.  pi.  affines,  Ann. 
sc  nat,  ser.  ^,  t  ii,  1905,  pp.  53-9  {Airiplex), — Holtermann,  Einfluss  d.  Klunas,  1907,  pp.81,  85 
and  86  {Atriplex,  Arthrocnemum,  Salicornia^  itiOA/ff).— Montell,  Anat  comp.  de  la  feuille  des 
.Chenopodiac.,  These,  Paris,  1906 ;  also  in  Perrot,  Travanx,  iv,  1907,  156  pp. 

BASELLACEAE  (pp.  663,  664). 

Large  spherical  mucilage-cells  are  found  in  the  mesophyll  also  in  Basella 
paniculata,  Volkens. 

Literature:  Volkens,  Basella paniculata,  in  Engler,  Bot  Jahrb.,  xxxviii,  1905,  p.  81. 

PHYTOLACCACEAE  (pp.  664-668). 

1.  Review  of  the  Anatomical  Features.  We  may  first  add  that 
anomalous  structure  of  the  root  has  been  recorded  also  in  Agdestis,  Petivcria 
and  Rivina,  and  anomalous  structure  of  the  stem  also  in  Agdestis  and  Barbeuia. 
The  earlier  statement  to  the  effect  that  clustered  crystals  of  oxalate  of  lime 
are  absent  requires  modification  since  they  have  been  observed  in  Stegnosperma 
by  Walter.    According  to  the  same  authority  sphaerites  occur  in  Barbeuia. 

2.  Structure  of  the  Leaf.    Walter  has  recently  undertaken  a  careful 


ADDENDA— PHYTOLACCACEAE  1031 

investigation  of  the  stomatal  apparatus  in  this  Order  and  finds  that  the 
Rubiaceous  type  is  not  sufficiently  widely  distributed  in  any  genus  to  admit 
of  its  being  regarded  as  a  true  generic  character.  He  observed  that  the  stomata 
are  in  all  cases  provided  only  with  a  number  of  ordinary  neighboiuing  ceUs 
in  the  genera  Achaiocarpus,  Agdestis^  Anisotneria,  Barbeuia^  Didymotheca^ 
ErcUla^  Gyrostemon^  Microtea,  PhaidoihamnuSy  Seguieria,  Stegnosperma  and 
Tersonia. 

The  same  author  makes  the  foUowing  statements  (some  of  them  new) 
regarding  the  mode  of  excretion  of  oxalate  of  lime.  The  genera  Phytolacca, 
Anisameria  and  ErciUa  (Phytolacceae)  possess  raphides,  while  Barbeuia  belong- 
ing to  the  same  taxonomic  group  has  sphaerites.  The  t3mical  members  of 
the  Rivineae  (GaUesia,  Ledenbergia,  Mohlana,  Monococcus,  Petiveria,  Rivina, 
SchindUria,  Seguieria,  ViUamilla)  are  distinguished  by  having  styloids,  whilst 
the  genus  Stegnosperma,  which  forms  the  group  Stegnospermoideae  in  Walter's 
S3^tem  of  classification,  is  characterized  by  the  possession  of  clustered  crystals 
(sphaerites  according  to  Schulze,  see  Syst.  Anat.,  p.  665).  The  t3^ical  members 
of  the  Gs^rostemoneae  (Codonocarpus,  Didymotheca,  Gyrostemon,  Tersonia) 
have  no  oxalate  of  lime  at  all.  Regarding  the  remaining  genera,  which  are 
excluded  from  the  Ph3^olaccaceae  by  Walter,  we  may  mention  the  following 
details  on  his  authority.  Agdestis  ('  (xenus  anomalum  Phytolaccac'  in  Bentham 
and  Hooker,  Gen.  Plant.),  and  Gisekia  (a  member  of  the  Ficoideae  in  Bentham 
and  Hooker,  Gen.  Plant.)  are  provided  with  raphides ;  Limeum  and  SemonviUea 
(members  of  the  Ficoideae  in  Bentham  and  Hooker,  Gen.  Plant.)  have  clustered 
oystals,  while  Microtea  has  sphaerites.  In  Phaulotkamnus  Walter  obsoved 
only  small  crystals  of  oxalate  of  lime  (in  the  ovary),  while  in  Ackatocarpus, 
Adenogramma  and  Polpoda  he  failed  to  find  any  oxalate  of  lime  at  all. 

3.  Structure  of  the  Axis.  Regarding  the  recently  discovered  cases  of 
anomalons  structure  in  the  fibrovascular  system  of  the  stem  and  root,  see 
above  imder  i,  and  Walter,  loc.  cit. ;  for  Agdestis,  see  also  Cobau,  loc.  cit.  In 
the  stem  and  root  of  Agdestis  dematidea,  M09.  et  Sess6  the  secondary  zones  of 
vascular  bundles  develop  in  the  pericycle  (Cobau).  Walter  failed  to  observe 
anomalous  growth  in  thickness  in  the  axis  of  the  following  genera :  Achato- 
carpus,  Adenogramma,  Codonocarpus,  Didymotheca,  Gisekta,  Gyrostemon, 
Leaenbergia,  Limeum,  Microtea  (here  aJso  wanting  in  the  root),  Monococcus, 
Personia,  Phaulothamnus,  Polioda,  Psammotropha,  Rivina,  SemonviUea, 
Stegnosperma,  Tersonia  and  VillamiUa, 

The  perforations  of  the  vessels  are  invariably  simple  also  in  the  genera 
Achaiocarpus,  Adenogramma,  Agdestis,  Barbeuia,  Didymotheca,  Gisekia,  Leden- 
bergia, Limeum,  Mohlana,  Monococcus,  Petiveria,  Phaulothamnus,  Polpoda^ 
Psammotropha,  Schindleria,  SemonviUea,  Stegnosperma,  Tersonia  and  VillamiUa. 
In  Adenogramma,  Agdestis,  Anisomeria,  Bari>euia,  Didymotheca,  ErciUa,  Gisekia, 
Limeum,  Microtea,  Monococcus,  Petiveria,  Phaulothamnus,  Polpoda,  Psammo- 
tropha, SemonviUea,  Stegnosperma  and  Tersonia  the  walls  of  the  vessels,  where 
in  contact  with  parenchyma,  are  occupied  by  bordered  pits  ;  in  Achatocarpus 
and  VillamiUa  there  are  both  bordered  and  simple  pits  at  these  points,  and 
in  Ledenbergia^  Mohlana  and  Rivina  simple  pits  only. 

Literature:  Cobau,  Anatomia  della  Agdestis  clematidea.  Boll.  R.  Orto  bot.  di  Palermo,  ii, 
1898,  pp.  iii-aa. — [Kraemer,  The  pith-oells  of  Phytolacca  decamira,  Torreya,  ii,  1903,  pp.  141-3.] 
— Col,  Faasceaux,  Ann.  sc.  nat,  s^.  8,  t.  xx,  1904,  p.  167.— Netolitzky,  Dikotylenbl.  (Rhaphiden), 
I905>  P*  38* — ^Walter,  Diagramme  der  Phytolacc.,  Diss.,  ^langen,  1906,  pp.  58-61 ;  also  in  Ehgler, 
Bot.  Jahrb.,  xxxvii.— [Senft,  Radix  Phytolaocae  dccandrae,  mum.  Post,  1906,  p.  a8i.]— [Holm, 
Phytolacca  decandra,  in  Merck's  Report,  xvi,  1907,  pp.  312-14.] 


I03A  ADDENDA 


BATIDEAE  (pp.  668,  669). 

According  to  Van  Tieghem  a  particularly  noteworthy  feature  lies  in  the 
arrangement  and  course  of  the  vascular  bundles  in  the  quadrangular  stems, 
which  bear  opposite  leaves.  G>rresponding  to  each  of  the  angles  of  the  stem 
there  are  3-5  bundles  in  the  vascular  ring,  these  bundles  being  separated  from 
one  another  by  midtiseriate  medullary  rays,  while  opposite  each  lateral  surface 
of  the  stem  there  is  a  single  smaller  vascular  bundle.  The  two  smaller  bimdles 
belonging  to  two  opposite  sides  of  the  stem  show  a  decrease  in  size  as  they 
are  traced  up  towards  the  next  node  above ;  they  first  loose  their  xylem, 
and  after  that  their  phloem,  while  ultimately — ^in  the  neighbourhood  of  the 
node — even  the  strand  of  pericycUc  bast-fibres  belonging  to  the  bundle  dis- 
appears. These  smaller  vasculir  bimdles  therefore  do  not  pass  out  into  the 
petiole,  which  is  supplied  by  the  two  nearest  of  the  bundles  corresponding  to 
the  angles  of  the  stem.  These  bundles  fork  and  the  two  middle  bundles  thus 
produced  fuse  to  form  a  single  median  bundle,  the  lateral  branches  thereupon 
forking  once  again.  In  this  way  the  base  of  the  leaf  is  supplied  by  five  vascular 
bundles,  which  are  arranged  in  an  arc. 

Van  Tieghem  records  clustered  crystals  of  oxalate  of  lime  in  the  pith 
and  primary  cortex,  and  solitary  and  clustered  crystals  in  the  medullary  rays 
of  the  bast.  The  peculiar  transverse  arrangement  of  the  pairs  of  guard-ceUs 
is  found  also  on  the  axis. 

Literature:  Van  Tieghem,  Batidacto,  Journal  de  Bot.,  1903,  pp.  363-76,  especially  pp.  365-7. 

POLYGONACEAE  (pp.  669-674). 

1.  Review  of  the  Anatomical  Features.  We  may  add  that  secretory 
cavities  containing  a  resinous  secretion  occur  in  species  of  Folygonum^  and  that 
simple  iiniseriate  clothing  hairs  and  shaggy  hairs  have  been  observed  in  this 
Order.  Cortical  vascular  bundles,  situated  in  the  pericycle,  are  found  also  in 
Rumtx  biformis, 

2.  Structure  of  the  Leaf.  The  upper  epidermis  of  the  leaf  contains 
numerous  cells  with  gelatinized  inner  membranes  also  in  Polygonum  acre^ 
H.  B.  K. ;  these  cells  are  almost  spherical  and  penetrate  rather  deeply  into  the 
mesophyll,  while  their  lumina  in  most  cases  include  a  body,  which  resembles 
a  clustered  crystal  and  refracts  the  light  doubly;  this  body  is  soluble  in 
hydrochloric  and  sulphuric  acids,  as  well  as  in  caustic  potash  (in  the  latter  case 
a  simply  refracting  skeleton  remains  undissolved).  The  stomata  in  Polygonum 
acre  occur  in  small  numbers  on  the  upper  side  of  the  leaf  as  well,  and  are  pro- 
vided with  subsidiary  cells  arranged  according  to  the  Rubiaceous  tj^e.  Per- 
drigeat  describes  three  neighbouring  ceUs  as  of  quite  general  occurrence. 

Unicellular  clothing  hairs  are  found  in  Antigonon  (Perdrigeat).  The  long 
conical  shaggy  hairs  present  on  the  margin  and  median  vein  of  the  leaf  in 
Polygonum  acre  are  composed  of  lignified  fibrous  cells  with  thick  walls  and  narrow 
lumina.  The  same  species  also  has  discoid  glands  with  a  low  bicellidar  stalk 
and  a  multicellular  head,  divided  by  vertical  walls. 

To  the  section  dealing  with  the  internal  secretory  receptacles  we  may 
add  that  Peltrisot  has  observed  secretory  cavities,  which  are  of  quite  a  pecuUar 
type  and  have  oily-resinous  contents,  in  the  leaves  and  branches  of  Polygonum 
Hydropiper,  L.  These  cavities  are  schizogenous  in  origin  and  are  surrounded 
by  four  epidermal  cells,  which  penetrate  into  the  primary  cortex  or  mesophyll 
as  the  case  may  be.  To  judge  by  analogy  the  *  secretory  cells  (or  secretory 
cavities),'  previously  recorded  in  two  other  species  of  Polygonum  (P.  acre  and 


ADDENDA— POLYGONACEAE  1033 

f 

P.  punctulatum)  are  probably  also  of  the  nature  of  cavities  in  all  cases.  This 
is  at  least  true  of  P.  acre^  as  I  have  found  by  an  investigation  of  this  species. 
In  this  plant  the  secretory  cavities  are  likewise  situated  in  direct  contact  with 
the  two  surfaces  of  the  leaf,  but  they  are  surrounded  by  a  relatively  large 
number  of  low  epithdial  cells ;  it  remains  to  be  investigated  whether  all  these 
epithelial  cells  and  consequently  the  secretory  cavities  themselves  are  of 
epidermal  origin  in  this  case.  Tannin  appears  to  be  very  widely  distributed  in 
the  Polygonaceae,  especially  among  the  desert-plants. 

The  clustered  crystals  of  oxalate  of  lime  present  in  the  primary  cortex 
and  mesophyll  occasionally  attain  quite  a  considerable  size  (e.g.  in  Polygonum 
acre). 

For  the  structure  of  the  petiole  (the  vascular  bundles  of  which  are  invariably 
isolated)  and  of  the  stipular  ochrea,  see  also  Perdrigeat,  loc.  cit. 

3.  Structure  of  the  Axis.  Numerous  new  statements  on  the  structure 
of  the  stem  will  be  found  in  Perdrigeat's  paper,  which  deals  with  species  of  all 
the  genera  enumerated  in  Durand's  Index  with  the  exception  of  Hollisieria. 
This  piece  of  work  is  mainly  concerned  with  the  vascular  system  of  the  axis 
and  leaf  and  with  the  structure  of  the  cortex,  while  the  treatment  of  the  hairy 
covering  and  the  secretory  organs  is  inadequate. 

The  following  details  regarding  the  structure  of  the  cortex  are  taken  from 
Perdrigeat's  paper  and  the  remaining  literature.  Assimilatory  tissue  in  the 
form  of  palisade-parench3nna  is  found  in  the  primary  cortex  not  only  in  Cal- 
ligonum  comosum  (see  Fig.  162  on  p.  673),  but  also  in  species  of  Chorizanthe 
and  Oxytheca.  In  an  undetermined  species  of  Calligonum  examined  by  Jonsson 
the  outer  parts  of  the  walls  of  the  epidermal  and  h3^odermal  cells  become 
swollen,  so  that  the  cell-cavities,  which  are  surrounded  by  the  inner  parts  of 
the  walls,  appear  as  though  they  were  embedded  in  a  mass  of  mucilage.  The 
endodermis  may  be  provided  with  Caspary's  dots  on  its  radial  walls  (e.g. 
in  Koenigia  islandica^  L.) ;  in  Rumex  PcUieniia,  L.  it  is  sclerosed.  According 
to  Perdrigeat  the  pericycle  is  invariably  sclerench3anatous  in  the  subaeri^ 
parts  of  the  stem  ;  it  contains  either  isolated  bundles  of  fibres  or  a  closed 
or  slightly  interrupted  ring  of  fibres  or  a  composite  and  continuous  ring  of 
sclerenchyma  ;  the  latter  has  been  recorded  in  Campderia  floribunda,  Coccoloba^ 
Efiogonum  spkaerocephcUumy  Dougl.,  Leptogonum  domingense,  Benth.,  and 
Podapterus  mexicanus,  Humb.  et  Bonpl.  The  bundles  of  pericyclic  fibres 
show  a  radial  development  similar  to  that  found  in  CaUigonum  comosum 
(see  Fig.  162)  also  in  species  of  Coccoloba  and  Pterococcus,  The  cork  arises 
subepidermally  also  in  Coccoloba^  Rumex  tingitanus,  and  Triplaris  americana^ 
*  superficially '  (probably  in  part  in  a  subepidermal  position)  in  Calligonum 
comosum^  L'H6rit.,  Eriogonum  '  panifolium,'  Leptogonum  domingense,  Benth., 
Podopterus  mexicanus,  Humb.  et  Bonpl.,  Pterococcus,  Ruprechtia  apetala  and 
Symmeria  paniculata,  while  it  develops  in  the  pericycle  also  in  Harfordia 
macropteray  Greene  et  Parry  and  Pteropyrum  scoparium,  Jaub.  et  Spach.  The 
ceUs  of  the  cork  for  the  most  part  have  thin  walls.  In  Ruprechtia  apetala 
there  is  an  alternation  of  layers  of  cork-cells  with  thick  and  thin  walls  ;  in 
Harfordia  macroptera  the  cells  of  the  cork  have  strongly  thickened  tangential 
walls,  while  in  Coccoloba  Schomburgkii  they  are  thickened  in  the  shape  of  a 
horseshoe.  In  the  species  examined  by  Jonsson  {Calligonum  sp.,  Atraphaxis 
canescenSy  Bge.  and  A.  spinosa,  *  Eichw.')  the  cork  contains  '  mucilaginous 
cork-cells '  (see  under  Chenopodiaceae,  p.  1029).  The  secondary  bast  not 
unconmionly  includes  chambered  parenchyma  with  clustered  crystals,  but 
bast-fibres  are  rare  {Rumex  scutatus,  L.). 

In  many  members  of  the  Order  and  especially  in  the  herbaceous  forms 
there  is  a  lysigenous  cavity  in  the  pith,  whilst  in  Nemacaulis  NuUalliiy  Benth., 
for  example,  the  entire  pith  becomes  lignified  at  an  early  sts^e  and  is  therefore 
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persistent.  The  occurrence  of  bundles  of  fibres,  which  are  often  very  strongly 
developed,  or  of  a  zone  of  fibres  at  the  margin  of  the  pith  is  a  verv  common 
feature  (e.g.  in  species  of  Campderia^  Coccoloba^  Emex^  Oxyria,  PodopteruSj 
Pieropyrum^  Rumex^  Triplaris^  &c.). 

Anomalous  structure  of  the  stem  has  recently  been  demonstrated  also  in 
Rumex  biformis  (in  the  form  of  variously  orientated  vascular  bundles,  which  are 
enclosed  in  the  pericycUc  strengthening  ring),  as  well  as  in  Rumex  conglomeratuSy 
Hurr.,  R,  inUnnedius,  R,  obiusifolius^  R.  purpureus,  Poir.,  Rheum  hybridum^ 
Hurr.,  R.  leucorrhizum.  Pall,  and  R.  undulatum^  L.  (medullary  vascular  bundles, 
the  records  in  the  species  of  Rheum  referring  to  the  axis  of  the  inflorescence) 
(Baranetzky,  Perdrigeat,  Saget). 

literature:  [Theorin,  Vaxtslem  uti  knoppanie  hos  fam.  Polygoo.,  Stockholm,  1 87 2.]~ Schubert, 
Paienchymscheiden,  Bot  Centralbl.,  1897,  iv,  pp.  469-71. — Wollenweber,  Anat  d.  Schwmimbl., 
Diss.,  Frdbnig  in  Br.,  1807,  pp.  33,  34. — Hammerle,  Polygonum  cuspidaium^  S.  et  Z.,  Diss., 
Gottingen,  1898,  70  pp.— MoDtemartini,  Fusto  del  Polygonum  SuboldU^  Reinw^  Malpighia,  1898, 
pp.  78-80  and  Tab.  iii. — Boeigesen  og  Paulsen,  in  Bot.  Tidsskrift,  xxii,  1898-9,  pp.  16-18  {Coccoloba 
twifera,  Jacq.). — Baranetzky,  Faisoeanx  bicollatinnz,  Ann.  sc.  nat.,  %ix,  8,  t.  xii,  1900,  pp.  307-14. 
— [Bematsky,  Anat.  Bestimm.  einheim.  Polygonum-AiXiait  Termesz.  Ftizetek,  xxiii,  1900,  pp.  i,  ii 
and  pp.  66-74.] — ^Thomas,  Fenilles  sout.,  These,  Paris,  1900. — Dye,  Unteriid.  Org.  von  VaUrtama, 
Rheum  n.  Inulay  Diss.,  Bern,  1901,  pp.  36-64  and  Tab.  i,  ii. — Perdrigeat,  Anat.  comp.  des  Polygonac., 
Act.  Soc.  Linn,  de  Bordeaoz,  It,  1901,  94  pp.,  3  pi. ;  also  Th^,  Bordeaux. — ^Pitard,  P^ricycle, 
These,  Bordeaux,  1901,  p.  48.— Joosson,  Wiistenpfl.,  in  Lunds  Univ.  Arsskr.,  xxxviii,  Aid.  a,  n.  6, 
1903,  pp.  i8-aa  and  Tab.  ii  {^CtUligomimy  Atrapkaxis), — [Mitlacher,  Herba  Pofygoni  avicidaris^ 
Pharm.  Post,  1902,  n.  56;  abstr.  in  Just,  190a,  ii,  p.  45.] — Peltrisot,  Org.  stoet.  dn  Polygonum 
Hydropipert  L.,  Jonm.  de  Bot.,  1903,  pp.  a  a 3-8.-— Saget,  ^t.  anat.  des  Runux  crispus  et  R. 
obtusifoliuSy  etc.,  Thise,  Montpellier,  1903,  pp.  36-31. — Chrysler,  Strand-plants,  Bot  Gazette, 
xxxvii,  1904,  p.  461  et  seq.  {Polygonum), — Eijken,  Rhabarberrhizome,  Diss.,  Bern,  1904,  p.  45  et 
scq. — Frcidenfcldt,  Anat.  Ban  d.  Wurrel,  Bibl.  bot..  Heft  61, 1904,  pp.  37,  38. — Cristofoletti,  Rkeum 
raponticum,  Diss.,  Bern,  1905.— Porsch,  Spaltoffhungsapparat,  Jena,  1905,  p.  87  and  Tab.  ii. — 
[Litschaner,  Eingesenkte  «)id.  Driisen  bei  Polygonum  Hydropiper^  Osterreich.  bot  Zeitschr.,  1907, 
pp.  aoi-4.] — [For  further  literature,  see  p.  11 71.] 

PODOSTEMACEAE  (pp.  674-676). 

The  following  details  are  taken  from  recent  papers  on  the  anatomy  of  the 
Podostemaceae.  According  to  Mildbraed  the  drifting  stems  are  constructed 
SO  as  to  have  tensile  strength.  In  the  axis  of  Mourera  flumatiUs,  Aubl.  this 
author  observed  a  central  cylinder,  which  consists  of  long  pitted  mechanical 
ceUs  and  is  traversed  by  air-canals,  while  the  peripheral  tissue  contains  a  large 
number  of  isolated  vascular  bundles  which  are  arranged  in  three  indistinct 
rings  and  show  the  ordinary  t5^e  of  structure ;  m  the  neighbourhood 
of  the  air-canals  of  the  central  cylmder,  moreover,  spiral  and  annular  vessels 
were  found.  The  stems  of  the  Apinagieae  examined  by  Mildbraed  (especially 
Apinagia  Rieddii^  Tul.)  have  a  central  vascular  bundle,  which  includes  an  air- 
canal  and  is  enveloped  by  a  rather  thick  stereom-cylinder  composed  of  lignified 
cells  bearing  slit-shaped  pits.  These  statements  serve  to  show  that  mechanical 
cells  are  not  as  rare  in  this  Order  as  has  hitherto  been  supposed. 

H.  Moller  observed  cubical  and  prismatic  crystals  of  oxalate  of  lime  in 
the  epidermis  of  the  root  of  Cladopus  Nymani,  Moll. ;  previous  to  that  only 
clustered  crystals  had  been  recorded  in  the  Podostemaceae.  In  the  event 
of  fresh  investigations  being  undertaken  on  the  members  of  this  Order  it  wiU 
be  well  to  devote  special  attention  to  the  occurrence  of  intercellular  secretory 
receptacles.  Secretory  spaces  resembling  resin-canals  had  previously  been 
observed  by  Wachter  in  the  root  of  WeddMina  squamulosa,  and  on  Mildbraed's 
authority  we  may  class  with  them  the  following  two  types  of  elements :  (a)  Secre- 
tory cavities,  which  have  yellow  resinous  contents  soluble  in  alcohol  and  are 
apparently  l3^igenous  in  origin,  in  the  outer  tissues  and  central  cylinder  of  the 
scape  of  Mourera  /luviatilis ;  (6)  the  secretory  cavities,  which  occur  in  the 
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thallus  of  Castdnavia  Lindmaniana,  Warm.,  and  appear  in  the  form  of  brownish 
streaks  in  alcohol-material;  they  arise  l3^igenously  from  a  row  of  about  3-10 
secretory  cells  ;  their  secretion  is  in  part  thread-like  and  granular  and  under- 
goes but  little  change  on  treatment  with  alcohol,  ether  or  xylol.  Here  we 
may  call  to  mind  the  fact  that  Goebel  likewise  observed  the  exudation  of  a 
yellow  secretion  on  cutting  h:esh  stems  of  Rhynchclads  macrocarpa,  Tul. ;  the 
organs  in  which  the  secretion  is  contained  have  not  yet  been  demonstrated 
in  this  case. 

It  remains  to  consider  the  '  red  bodies '  ('  Warming's  bodies '),  which 
have  been  subjected  to  a  careful  examination  by  Mildbraed.  They  were 
first  observed  by  Warming  in  the  spathella  of  Apinagia  Riedelii,  but  occur 
also  in  the  wall  of  the  capsule  and  in  the  thallus  of  Castdnavia  Lindmaniana. 
Judging  by  the  reactions  mentioned  by  Mildbraed  it  seems  as  though  we  were 
after  all  dealing  with  siUca-bodies,  which  are  infiltrated  with  a  substance 
resembling  anthocyanin,  although  Mildbraed's  statement  that  these  bodies 
are  not  affected  by  hydrofluoric  acid  is  incomprehensible  in  this  connexion. 
In  view  of  the  other  reactions,  however,  of  what  can  the  groimd-substance 
consist,  if  not  of  silica  ? 

literature:  Hjalmar  Moller,  Cladoptis  Nymani,  nov.  gen.,  Ann.  Jardin  Bnitenzorf^,  xvi,  1899, 
pp.  1 15-31  and  Tab.  xii-vv. — Warming,  Fam.  Podostemac,  Afb.  v,  1899;  and  Afli.  vi,  1901, 
Vidensk.  Selsk.  Skr. — [Willis,  Podostemaceae  of  Ceylon  and  India,  Aim.  Roy.  Bot.  Gardens, 
Peradcniya,  i.  Part  iv,  190a,  pp.  267-465  and  pi.  iv-xxxviii ;  detailed  abstract  in  Bot.  Centralbl., 
xciiy  pp*. 193-8.] — Mildbraed,  Beitr.  z.  Kenntnis  der  Podostemac.,  Diis.,  Berlin,  1904,  4a  pp. 

NEPENTHACEAE  (pp.  676-680). 

According  to  Fenner's  investigations  the  digestive  glands  (p.  677)  of 
Nepenthes  Rafflesiana,  Jack  are  of  the  nature  of  emergences,  since  subepidermal 
cells  are  also  concerned  in  their  formation.  The  same  author  also  states  that 
the  cuticle  of  the  glands  is  perforated  in  a  sieve-like  manner,  and  that  the  walls 
of  the  cells  composing  the  uppermost  layer  of  the  body  of  the  gland  are  pro- 
vided with  membranous  ridges.  In  Nepenthes  Rafflesiana  the  outer  wall  of  the 
pitcher  bears  various  t3^es  of  hairs  including  peculiar  clothing  hairs  with 
dendroid  branching. 

With  reference  to  the  structure  of  the  axis  (p.  679)  we  may  note  that, 
according  to  Heinricher,  the  vessels  in  Nepenthes  mdamphora^  Reinw.  attain 
a  diameter  of  •iS  mm.,  that  spiral  tracheids  are  found  also  in  the  medullary 
rays  of  the  cortex,  and  that  fusiform  proteid-bodies  occur  abundantly  in  the 
cortical  parenchyma  of  the  rhizome,  but  only  in  small  niunbers  in  the  cortex 
of  the  climbing  stem. 

Literature:  Mangin,  Cellules  spiral^,  Bull.  Soc.  bot.  de  France,  i88a,  p.  14  et  seq.,  and  Ann. 
sc.  nat,  s<h:.  6,  t.  xii,  i88a,  pp.  aia-14  and  pi.  viii. — Fenner,  Anat.,  Entwicklungsgescb.  n.  Biologie 
der  Lanbbl.  n.  Drtisen  einiger  Insektivoren,  Diss.,  Zilrich,  1904,  pp.  28-33  <^^  T^b,  ix,  x ;  also  in 
Flora,  xciv,  1904. — Heinricher,  Nepenthes,  Ann.  Jardin  bot.  Bnitenzorg,  xx,  2,  1906,  pp.  277-98, 
and  Tab.  xxiT-xxri. 

CYTINACEAE  (pp.  680,  681). 

Tracheids  have  been  observed  in  the  myceloid  vegetative  thallus  of  PUo- 
styles  Ingae  (Karst.),  by  Endriss,  while  on  the  lower  side  of  the  scale-leaves 
borne  on  the  floral  shoots  of  this  plant  the  same  author  found  stomata,  which  are 
formed  by  a  single  division  in  the  epidermal  cells.  Stomata  have  recently  been 
observed  also  by  Porsch  on  the  under  side  of  the  lowest  scale-leaves  in  Cytinus 
Hypocistis,  L.  Sdiaar's  investigation  of  RafflesiaRochussenii,Teysm.  et  Binn. 
has  shown  that  the  vegetative  thallus  in  this  species  consists  only  of  hyphal 
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cells  and  that  the  conducting  tissue,  which  is  differentiated  in  the  floral  cushion^ 
is  formed  by  about  20  rings  of  vascular  bundles  exhibiting  an  annular  arrange- 
ment. 

Literatiire:  SchtAr,  Rafflesia  Rochusstnii^  Sitz.-Ber.  Wiener  Akad.,  orii,  Abt.  i,  1898,  pp. 
1059-56  and  Tab.  i-iii.— Solmt-Laubacfa,  Rafflesiaceae  n.  Hydnoraceae,  in  Pflanicnieich,  Heft  5, 
1901,  Raffles,  pp.  2j  3;  Hydnor.  p.  a. — Endriss,  PilostyUs  Ingat^  Flora,  xci,  15^2,  Ei]g^ui2.-Bd.> 
pp.  309-36  and  Tab.  zx. — Ponch,  Spaltofihungsapparat,  Jena,  15^51  pp.  70-2. 

ARISTOLOCHIACEAE  (pp.  682-688). 

2.  Structure  of  the  Leaf.  A  few  data  regarding  the  course  of  de- 
velopment of  the  stomata  will  be  found  in  Montemartini's  paper  (loc.  cit.). 
Papillae  are  present  on  the  lower  side  of  the  leaf  also  in  Aristolochia  elegans. 
Mast.  (Knothe).  The  following  details  regarding  the  structure  of  the  secretory 
cells  are  based  on  investigations  undertaken  by  Berthold,  Haberlandt  and 
R.  Muller  on  Asarum  europaeum,  Aristolochia  brasiliensis  and  A.  Clematitis. 
In  the  fully  differentiated  oil-cell  the  drop  of  oil  is  completely  enveloped  by 
a  sheath,  the  upper  part  of  which  is  formed  by  the  wall  of  a  *  basin- '  or  funnel- 
shaped  structure,  which  arises  as  a  thickening  from  the  ceU-membrane,  while 
the  remaining  portion  of  the  sheath  is  constituted  by  the  wall  of  the  vacuole 
('  pouch '),  which  has  undergone  a  change  in  substance.  In  a  surface-section 
the  '  basin '  appears  in  the  form  of  the  pit-like  structure  represented  in 
Fig.  166,  B  (on  p.  684).  R.  Muller  has  also  shown  that  the  secretory  cells  in  the 
leaf  of  Aristolochia  brasiliensis^  although  apparently  belonging  to  the  integu- 
mental  tissue,  are  differentiated  in  a  subepidermal  position,  but  they  soon 
come  to  lie  at  the  surface  as  the  result  of  sliding  growth.  Since  the  statements 
hitherto  published  as  to  the  occurrence  of  secretory  cells  in  the  epidermis 
are  based  only  on  an  examination  of  the  mature  leaves,  it  will  be  necessary  to 
undertake  a  developmental  investigation  in  all  these  cases.  According  to  Van 
Tieghem  the  absence  of  oxalate  of  lime  in  the  branch  and  root  and  the  possession 
of  oil-cells  are  features  characteristic  of  a  certain  group  of  species  oi  Aristolochia, 
which  he. comprises  as  Aristolochia,  L.  in  contrast  to  a  second  group  of  species 
(Hocquartia,  Dumort.),  which  are  distinguished  by  having  clustered  cr3^tals 
and  by  the  absence  of  oil-cells  (also  in  the  hairs). 

3.  Structure  of  the  Axis^.  According  to  Schellenberg  the  pith  of 
Aristolochia  Sii>ho  and  other  twining  species  is  composed  of  cells  with  thin 
unlignified  walls,  and  undergoes  compression  so  that  the  stem  becomes  adapted 
to  resist  tensions.  Stone-cells  occasionally  also  occur  in  the  pith  (Aristolochia 
Sipho  and  A,  gigantea). 

Literatore :  Power,  Asamm  canadense.  Diss.,  Strassburg,  t88o,  pp.  o-ii. — [Lazarski,  Asarum, 
Phann.  Post,  1881,  n.  3,  4;  abstr.  in  Bot.  Centralbl.,  1881,  u,  p.  49.J— Beitfaold,  Protoplasma- 
mechanik,  Leipzig,  1886,  p.  a6. — [Hooper,  Bragantia  fVal/icAii,  Americ.  Jonm.  of  Pharm.,  1894, 

f).  931.]— ^hwabach,  Mech.  Ring,  Bot.  Centralbl.,  1898,  pp.  554-7. — ScheUenberg,  Entwick- 
angigesch.  d.  Stammes  von  Aristolochia  Sipho,  Festschr.  f.  Schwendener,  1899,  pp.  301-ao  and 
Tab.  zii. — [Collin,  Aristolochia  Serpentaria,  Joum.  de  Pharm.  et  de  Chimie,  1900,  p.  309 ;  abstr.  in 
Juit,  1000,  ii,  p.  16.] — Van  Tieghem,  Hocquartie,  Joum.  de  Bot.,  igpo,  pp.  65-8.— Pitaid, 
P&-icycle,  Thise,  Bordeaux,  1901,  pp.  42-6. — Knothe,  Unbenetzb.  Epid.,  Diss.,  Heidelberg,  190a, 
p.  i5.~Montemartini,  Anat  comp.  delle  Adstoloch.,  Atti  deir  1st.  bot.  di  Pavia,  a^  ser.,  vii,  190a, 
pp.  339-50  and  Tab.  xii-xvi;  sep.  copy,  pp.  5-10. — Perrot,  Particularity  de  struct,  fol.  chez  cert, 
feuilles  de  V Aristolochia  Sipho,  Bull.  Soc.  bot.  de  France  190a,  pp.  163-6.— Haberlandt,  Physiol. 
Pflanzenanat.,  3rd  edit.,  1904,  pp.  463-4. — R.  Miiller,  Olbehalter,  Ber.  deutsch.  bot.  Gesellsch., 
1905,  pp.  393-7. — [Holm,  Aristolochia  Serpentaria,  in  Merck's  Report,  xvi,  1907,  pp.  276-9.] 


^  Regarding  the  incorrect  statement  (in  Perrot,  Th^se,  1S99,  p.  144)  as  to  the  occurrence  of 
secondary  bundles  of  wood  and  bast  in  members  of  the  Aristolochiaceae,  see  the  footnote  on  p.  687. 
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PIPERACEAE  (pp.  688-694). 

2.  Structure  of  the  Leaf.  In  Anemiopsis  calif ornica^  Hook,  et  Arn. 
the  stomata  are  present  on  both  sides  of  the  leaf,  being  ahnost  more  abundant 
on  the  upper  than  on  the  lower  side  ;  they  are  surrounded  by  4-6  neighbouring 
cells.  In  the  same  species  a  hypoderm  composed  of  a  singk  layer  of  large 
cells  is  developed  on  the  upper  side  of  the  leaf  (Holm). 

New  data  regarding  the  nature  of  the  hypoderm  in  the  Brazilian  species  of 
Peperomia  are  contained  in  Jaderholm's  paper  (loc.  cit.).  In  the  first  place  we  may 
note  that  there  is  no  hypoderm  in  P.  tenera,  Miq.  and  P.  pellucida,  H.B.K. ;  in  the 
latter  species  the  large-celled  epidermis  which  is  differentiated  as  aqueous  tissue 
compensates  for  the  absence  of  hypoderm.  In  Peperomia  Gardneriana,  Miq.  the 
hypoderm  usually  consists  only  of  a  single  layer  of  cells  ;  in  P.  diaphana,  Miq.  it  is 
composed  of  two  layers,  and  in  P.  Ccidasiana,  CDC.  of  several  layers  of  cells, 
which  in  both  cases  are  of  large  size  ;  in  P.  trineuroides,  Dahlst.  the  hypoderm  is 
developed  in  the  same  way  as  in  P.  pereskiaefolia.  In  P.  reflexa,  Dietr.  it  consists 
of  very  numerous  layers,  in  P.  Sellowtana,  Miq.  of  several  layers  ;  in  the  two  species 
last  named  the  inner  hypodermal  cells  are  arranged  in  rows  at  right  angles  to  the 
surface  of  the  leaf.  Regarding  the  hypoderm  found  in  the  species  of  Peperomia, 
see  also  Jonsson,  loc.  cit. 

According  to  Duval  hypoderm  (in  some  cases  situated  on  both  sides  of  the 
leaves)  is  found  also  in  Piper  ceanothifolium,  H.B.K.,  P.  citrifolium.  Lam.,  P.  corco- 
vadense,  CDC,  P.  Jaborandi,  Veil.,  P.  laetum,  CDC,  P.  moUicomum,  Kth.,  P.  reti- 
ctdaium,  L.,  and  P.  unguiculatum,  Ruiz  et  Pav. ;  according  to  Holtermann  also  in 
Piper  Thwaitesii, 

In  the  Brazilian  species  of  Peperomia  examined  by  Jaderholm  the  palisade 
tissne  consists  of  a  single  layer  of  short  funnel-shaped  cells.  It  is  t3^ically 
differentiated  only  in  P.  muscosay  Link  (?),  although  even  here  the  cells  are  of  no 

Seat  length.  In  the  peculiar  leaves  of  P.  dolabriformis,  H.  B.  K.  and  P.  nivalis j 
iq.  palisade  tissue  is  completely  wanting  ;  for  details  regarding  the  structure 
of  these  leaves,  see  C.  de  Candolle,  loc.  cit.  According  to  Jaderholm  P.  Calda- 
siana  and  P.  Sellowiarui  are  distinguished  by  the  fact  that  the  cells  of  the 
uppermost  layer  of  the  spongy  tissue,  which  borders  on  the  palisade  tissue, 
have  very  thick  walls  and  store  up  starch,  while  P.  peUucida  is  characterized 
by  the  walls  of  the  entire  spongy  tissue  being  hyaline.  Conical  papillae  occur 
on  the  upper  epidermis  also  in  P,  increscens,  Miq. ;  in  P.  diaphana^  Miq.  some 
of  the  upper  epidermal  cells  are  papillose. 

Noteworthy  forms  of  clothing  hairs  are  constituted  by  the  small  2-5-celled 
trichomes  of  Peperomia  ptdchdla,  A.  Dietr.,  and  the  small  imicellular  hairs  of 
P.  resedaeflara,  Lind.  et  Andr6.  These  hairs  are  seated  on  a  large  epidermal 
cell,  which  is  either  vesicular  or  projects  in  a  convex  manner  and  constitutes 
an  ocellar  apparatus ;  in  the  second  of  the  two  species  the  efficacy  of  this 
organ  for  the  perception  of  light  is  further  increased  by  a  cell  of  characteristic 
shape,  which  is  apposed  to  the  inner  side  of  the  protruding  epidermal  cell 
and  is  occasionally  differentiated  as  an  oil-cell ;  this  cell  and  the  one  above  it 
are  both  derived  &om  the  same  mother-cell  (Haberlandt).  In  this  connexion 
we  may  mention  the  numerous  flat  tubercles,  which  are  foimd  on  the  surface 
of  the  leaf  in  Peperomia  metallica,  and  according  to  Haberlandt  function  as 
lenses  for  the  concentration  of  light ;  they  are  formed  by  a  group  of  epidermal 
cells  showing  tangential  divisions.  In  this  case  an  oil-cell  which  is  situated 
exactly  beneath  the  centre  of  each  group  of  cells  functions  as  a  second  condensing 
lens.  For  the  diverse  forms  of  trichomes  found  in  Piper^  and  especially  the 
clothing  hairs,  see  Plate  IX  in  Duval's  paper,  loc.  cit. 

Jaderholm  mentions  the  occurrence  of  crystals  of  oxalate  of  lime  re- 
sembling raphides  also  in  Peperomia  major,  C.  DC,  while  Duval  records  them 
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in  certain  species  of  Piper.  Brovniish  acicular  crystals,  which  are  soluble  in 
acetic  add  (and  therefore  do  not  consist  of  oxalate  of  lime),  were  observed  by 
Jaderholm  in  the  axis  of  Peperomia  trineuroideSy  Dahlst. 

Haberlandt  has  recently  demonstrated  the  importance  of  the  secretory 
cells  in  certain  species  of  Peperomia  as  organs  for  the  condensation  of  light.  We 
may  add  that  in  this  Order,  as  in  the  Anstolochiaceae,  the  oily  secretion  is  en- 
closed in  a  pouch-shaped  protrusion  of  the  cell- wall,  a  feature  which  is  very  dis- 
tinctly seen,  for  example,  in  Peperomia  magnoliaefolia  (Berthold  and  R.  MiUler). 
The  nature  of  the  secretory  cavities  ('  poches  sto^trices  '),  recently  observed  by 
Duval  side  by  side  with  the  secretory  cells  in  the  mesophyll  of  Piper  hirstUumy 
Sw.,stiU  requires  further  investigation.  According  to  Duval  mucilage-canals 
are  found  in  the  pith  also  in  Piper  ceanothifolium,  H.  B.  K.,  P.  citrifolium^  Lam. 
and  P.  Upturum,  Kth.  (in  the  last  of  these  species  in  addition  to  mucilage- 
cavities,  which  are  situated  in  the  soft  bast  of  the  vascular  bundles). 

3.  Structure  of  the  Axis.  Among  the  species  of  Piper^  examined  by 
DuvaJ,  P,  Jaborandi,  Veil,  alone  has  medi^ary  vascular  bundles.  According 
to  Jaderholm  exceptions  to  the  fourth  type  (the  Peperomia-type)  are  constituted 
by  Peperomia  delicatula,  Hench.,  which  has  four  vascular  bundles  arranged 
in  a  rmg,  and  by  P.  tenera,  Miq.,  in  which  the  vasctdar  system  consists  of  a 
single  axile  strand. 

The  terrestrial  roots  of  Piper  nigrum  contain  a  pith ;  in  the  course  of  their 
growth  in  thickness  broad  strips  of  thin-walled  tissue  constituting  primary  medulbury 
rays  are  alone  formed  on  the  outer  side  of  the  (5-10)  groups  of  primary  tracheae. 
I  failed  to  observe  the  small  groups  of  thin-waUed  elements,  which  Keller  records 
in  the  secondary  wood  and  regards  as  being  of  the  nature  of  interxylary  phloem. 

Literature :  [Paschkis,  Pharmakogn.  Beitr.,  Zeitschr.  osterreich.  Apotheker-Ver.,  1880,  n.  27, 
28;  abstr.  in  Bot.  Ceatralbl.,  1881,  i,  p.  54.] — Berthold,  Protoplasmamechanik,  Leipzig,  1886, 
p.  25. — Keller,  Luftwnrzeln,  Diss.,  Heidelberg,  1S89,  pp.  30-3. — Went,  Loftwnrzela,  Ann.  Jardin 


s^r.  6,  t.  vi,  1897,  pp.  536-40. — Biermann,  Olzellen,  Diss.,  Bern,  1898,  pp.  50-3. — Jaderholm,  Anat. 
stndier  ofver  sydamerik.  Peperomier,  Diss.,  Upsala,  1898,  99  pp.  and  a  Tab. ;  German  abstr.  in  Bot. 
Centralbl.,  1898,  iv,  pp.  i90-3.--Siedler,  Kawawnrzel,  Phannazeut.  Zeit.,  1903,  p.  781. — Col, 
Faisceanx,  Ann.  sc.  nat.,  s^r.  8,  t  xx,  1904,  pp.  168-70. — Haberlandt,  Physiolog.  Pflanzenanatomie. 

1904,  p.  462. — Haberlandt,  Lichtsinnesorgane,  1905,  pp.  1 14-17  and  Tab.  iii. — Holm,  AtumutpsiSy 
Americ.  Jonm.  of  Sc.,  xix,  1905,  pp.  76-83. — R.  Miiller,  Olbehalter,  Ber.  deutsch.  bot.  Geselisch., 

1905,  p.  397. — Dnval,  Jaborandis,  1905,  pp.  95-110,  and  pi.  ix;  in  Perrot,  Travanx,  iii,  1906. — 
C.  de  CandoUe,  Sot  denx  Peperomia^  etc.,  Arch.  sc.  phys.  et  nat.  Geneve,  1907,  sep.  copy,  9  pp.,  i  pi. 
— Holtermann,  Einflnss  des  Klimas,  1907,  p.  136. 

CHLORANTHACEAE  (pp.  695,  696). 

According  to  H.  Schulze's  recent  investigations  the  following  additional 
characters  are  important  for  the  diagnosis  of  the  Order.  The  pahsade  tissue 
of  the  leaf  consists  of  short  cells  and  is  often  muriform.  Arm-palisade  cells 
have  been  observed  in  all  the  species,  which  have  been  investigated.  The 
stomata  are  confined  to  the  lower  side  of  the  leaf.  Secretory  ceUs  have  now 
been  demonstrated  also  in  Ascarina^  and  therefore  occur  in  all  the  members  of 
the  Order. 

To  the  earlier  statements  regarding  the  secretory  receptacles  we  may  add 
that  H.  Schulze  likewise  observed  the  secretory  cells  of  the  leaf  only  in  the 
mesophyll.  The  relatively  small  secretory  cells,  which  are  particularly  abundsmt 
in  the  mesophyll  of  Hedyosmum  racemosum^  Don,  are  exceptional  in  having 
dark  brown  contents.  Mucilage-canals  occur  in  the  larger  veins  of  the  leaf 
also  in  Hedyosmum  arborescens^  Sw. 

The  structure  of  the  leaf  is  in  all  cases  bifacial.    Typical  palisade  tissue 
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composed  of  long  cells  is  not  found  in  any  member  of  the  Order.  All  the  species 
of  CUaranthus,  Ascarina  and  Hedyosmum  have  arm-palisade-cells,  which  vary 
in  number  in  the  different  species  and  occur  in  the  first  and  commonly  also 
in  the  second  and  third  layers  of  the  palisade  tissue.  In  Hedyosmum  arbarescens 
and  H.  racemosum  the  cells  of  the  spongy  tissue  are  slightly  sclerosed  at  certain 
points.  Schulze  also  states  that  distmct  subsidiary  cells  are  developed  in  relation 
to  the  stomata  only  in  certain  species.  He  records  two  or  more  subsidiary 
cells,  which  are  placed  parallel  to  the  pore,  for  the  stomata  of  CUoratUhus 
incanspicuus,  Sw.  and  C.  officinalis,  BL,  and  subsidiary  cells  arranged  in  the 
form  of  a  rosette  round  the  stomata  of  Ascarina  polystachya,  Forst.  The  lateral 
walls  of  the  epidermal  cells  are  either  straight  or  undulated.  A  continuous 
one-layered  h3^poderm  beneath  the  upper  epidermis,  besides  occurring  in 
Hedyosmum  arborescens,  is  found  in  H.  racemosum  and  Ascarina  polystachyay 
while  the  hypoderm  is  confined  to  the  neighbourhood  of  the  veins  in  CMoranthus 
brachystachys,  BL,  C.  inconspicuus^  Sw.,  C.  japonicus,  Sieb.,  C.  officinalis,  Bl., 
Hedyosmum  Artocarpus,  Solms  and  H,  Bonplandianum,  H.  B.  K.  In  Ascarina 
lanceolata.  Hook.  f.  and  A,  polystachya,  Forst.  the  epidermal  cells  on  the  lower 
side  of  the  leaf  are  characterized  by  their  strikingly  small  size,  while  in  A.  rubri- 
cauliSy  Solms  they  are  distinguished  by  bearing  characteristic  papillae,  which 
project  in  the  form  of  crests  in  surface- view.  According  to  Schulze  the  vas- 
cular bimdles  in  the  lateral  veins  of  the  first  order  are  for  the  most  part  sur- 
rounded by  slightly  sclerosed  parenchyma.  In  Ascarina  rt/Aricaulis  this 
sclerenchymatous  sheath  is  incomplete,  while  in  CMoranthus  serratus,  Roem. 
et  Schult.  and  Hedyosmum  nutans,  Sw.  it  is  absent. 

As  regards  the  structure  of  the  wood  we  may  add  that  Engler  records 
scalariform  perforations  (with  numerous  bars)  in  the  vessels  also  in  Ascarina. 

The  only  form  of  crystals  of  oxalate  of  lime  observed  by  Schulze  were 
small  solitary  crystals  in  the  upper  epidermis  of  the  leaf  of  CMoranthus  incon^ 
spicuus,  Sw. 

Appendix:  The  anomalous  genus  Circaeaster, 

The  genus  Circaeaster,  which  in  Dtirand's  Index  is  appended  to  the  Chlor- 
anthaceae  as  a '  genus  anomaliun,'  differs  quite  essentially  from  the  Chlorantha- 
ceae  in  the  absence  of  secretory  cells.  There  are  no  special  anatomical  features 
to  give  a  hint  as  to  the  systematic  position  of  the  genus. 

H.  Schulze  mentions  the  following  details  regarding  the  structure  of  the 
leaves,  which  are  very  thin.  The  upper  epidermal  cells  are  elongated  in  a 
direction  parallel  to  the  midrib  of  the  leaf  and  have  strongly  undulated  lateral 
walls.  The  stomata,  which  are  found  only  on  the  lower  side  of  the  leaf,  are  small 
and  not  numerous ;  they  have  no  subsidiary  cells.  There  is  no  sclerenchyma  in 
the  veins.  Both  crystals  and  secretory  ceUs  are  absent.  Unicellular  hairs,  which 
are  bent  in  the  form  of  a  hook  at  the  apex,  are  present  only  on  the  fruit. 

With  reference  to  the  structure  of  the  stem,  Scott  (in  Oliver's  description 
of  the  genus,  loc.  cit.)  states  that  the  fibrovascular  system  is  peculiar  in  being 
diarch  like  that  of  the  main  root ;  only  a  small  amount  of  secondary  wood 
and  phloem  is  produced  on  the  two  sides  of  the  diarch  xylem-plate. 

Literature:  Oliver,  in  Hooker,  Icones,  pL  3366,  1895. — Harms,  in  Nachtr.  zu  den  natiirl. 
Pflanzenfam.,  ii-iv,  1897,  p.  333. — H.  Schulze,  in  Beih.  z.  Bot  Centralbl.,  ix,  1900,  pp.  81-5. 

MYRISTICACEAE  (pp.  696-699). 

literature :  Ponlsen,  Abnorme  rodbygning  ho«  en  art  af  si.  Myristica^  Vidensk.  Meddelels., 
1896,  p.  188  and  Tab.  iii,  iv.— Biermann,  Olzellen,  Diss.,  Bern,  1898,  p.  47.— Pitard,  P^ricjde, 
Th^  Bordeaux,  1901,  p.  93.— Bargagli-Petrucd,  Legnami,  Malpighia,  190a,  p.  396.— Areschoug, 
Trop.  vaxt.  bladbyggn.,  Sv.  Vet.  Akad.  Handl.,  39,  n.  a,  1905,  pp.  35,  36. 
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MONIMIACEAE  (pp.  699-702). 

2.  Structure  of  the  Leaf.  The  following  details  are  taken  from 
Perkins'  recent  anatomical  investigations  \  which  serve  to  supplement  Hobein's 
earher  work.  In  the  large  majority  of  cases  the  structure  of  the  leaf  is  bifacial. 
In  Amborella  trichopoda,  Baill.  tj^ical  palisade  tissue  is  wanting,  while  in 
Tfitnenia  weinmanniifolia^  Seem.,  Piptocalyx  Mooreiy  Oliv.  and  Glossocalyx 
Staudtii,  Engl,  the  entire  mesophyll  is  composed  of  spongy  tissue.  Hypoderm 
has  been  recorded  also  in  Anthobembix^  Ephippiandra^  Levieria^  Macropeplus, 
Macrotorus,  Nemuaron^  StegatUhera  and  TetrasynandrUy  while  it  is  wanting  in 
AmboreUa,  Glossocalyx,  Piptocalyx  and  Trimenia. 

Secretory  cells  have  again  been  observed  in  all  the  genera  recently  ex- 
amined by  Perkins  ;  they  are  situated  in  the  mesophyll.  In  view  of  the 
statement  that  the  leaves  in  Chloropatane,  Engl,  are  provided  with  transparent 
dots,  secretory  cells  are  probably  to  be  found  also  in  this  genus. 

3.  Structure  of  the  Axis.  According  to  Perkins  the  anatomical  dis- 
tinction between  the  Monimieae  and  Atherospermeae,  based  by  Hobein  on  the 
breadth  of  the  primary  medullary  rays,  is  on  the  whole  supported  by  the 
results  of  the  former's  recent  investigations.  Thus,  among  the  genera  of  the 
Monimieae  recently  examined,  the  medullary  rays  are  :  2-4  seriate  in  Levieria, 
1-4  seriate  in  Trimenia^  3-6  seriate  in  Hennecartia,  broad  in  Macropeplus  and 
MacrotoruSy  as  in  MoUinedia,  4-6  seriate  in  Sieganthera  and  Anthobembix,  4-7 
seriate  in  Tetrasynandra,  and  1-2  seriate  alone  in  Amborella ;  among  the  genera 
of  the  Atherospermeae  recently  investigated,  Nemuaron  and  Glossocalyx  have 
1-3  seriate  medullary  rays. 

Literature:  rHanansek,  Folia  Boldo,  Zeitschr.  osterreich.  Apotheker-Ver.,  1880,  p.  155;  abstr. 
in  Bot  Zeit,  1880,  p.  474.]— [StoweU,  Boldo  leaves,  Therapeutic  Gazette,  1880,  p.  257  et  seq. ; 
abstr.  in  Bot.  CentralbL,  1881,  i,p.  335.] — Perkins,  Beitr.  z.  Kenntnisd.  Monimiac.,  i  (Mollinedieae), 
in  Engler,  Bot.  Jahrb.,  xxt,  18^8,  pp.  549-53. — Perkins,  MollinecUa,  in  Engler,  Bot.  Jahrb.,  xxvii, 

1900,  pp.  638,  639. — [Neger,  Folia  Boldo,  Pharmaz.  Centralhalle,  1901,  n.  31 ;  abstr.  in  Just,  1901, 
ii,  p.  74.] — Perkins,  Siparuna^  in  Engler,  Bot.  Jahrb.,  xxviii,  1901,  p.  6i6a. — Perkins  and  Gilg, 
Monimiaceae,   in  Pflanzenreich,   Heft  4,  1901,  pp.   a,   3. — Pitard,  Pericjcle    Th^,  Bordeaux, 

1 901,  p.  66. 

LAURINEAE  (pp.  702-706). 

1.  Review  of  the  Anatomical  Features.  We  may  add  that  hypoderm 
occurs  in  the  leaf  also  in  species  oi  Bellota,  Endlicheria,  Hufelandia,  Nectandra, 
Ocoiea,  Persea,  and  Phoebe,  and  that  the  lower  epidermis  shows  papillose 
differentiation  in  species  of  Acrodiclidiumy  Aniba,  Endlicheria,  Nectandra, 
Persea  and  Phoebe. 

2.  Structure  of  the  Leaf.  Our  knowledge  of  the  structure  of  the  leaf 
has  been  extended  especially  by  Volker  Petzold*s  recent  investigations,  which 
deal  with  the  American  members  of  the  Order.  According  to  Petzold  the 
leaves,  as  a  general  rule,  are  bifacial  in  structure ;  palisade  tissue  is  found  on 
the  lower  side  of  the  leaf  in  Silvia  and  in  species  of  Nectandra  and  Phoebe,  but 
it  is  never  as  stronglv  developed  as  on  the  upper  side.  The  palisade  tissue 
consists  either  of  one  ^  or  several  layers  ;  according  to  Petzold  the  occurrence 
of  relatively  large  cavities  in  the  palisade  tissue  is  characteristic  of  most  of  the 


*  These  deal  with  the  following  genera :  Levieria,  Amborella^  Trimenia^  Piptocalyx ,  EpkippioH' 
dra,  Htnnecartia^  Nemuaron^  Glossocalyx^  Macropeplus^  Macrotorus,  Stegasithera,  AnthobemHx^ 
and  Tetreuynandra, 

'  There  is  a  single  layer  of  palisade  tissue  in:  Aniba  (excepting  A,  robusta^  Mec  and  A, 
Kidleyana,  Mez)»  Benzoin  odoriferum,  Nees,  Dicypellium,  Endlicheria  (excepting  E,  imprtssa^ 
Mez),  Sassafras,  Silvia  (excepting  S.  polyantha,  Mez),  Systemonodaphne,  Urbanodendron. 
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species  of  Persea  (i.e.  with  the  exception  of  three  closely  related  species  native 
to  the  Andes).  The  sclerosed  palisade*ceUs  previously  recorded  in  a  few  species 
of  Ocotea  were  not  observed  by  Pet^old  in  Ocotea  Kunthiana^  Mez,  although 
present  in  0.  rubra,  Mez,  where  they  show  a  somewhat  different  structure ; 
Holtermann  also  records  stone-ceUs  in  the  tissue  of  the  leaf  in  Adinodaphne 
molochina  and  A.  speciosa.  In  some  cases  the  spongy  tissue  contains  large 
lacunae,  which  are  filled  with  stellate  tissue ;  this  feature  is  specially  pronounced 
in  Persea  (in  contrast  to  almost  all  the  species  of  Phoebe)  and  is  found  also  in 
Systemonodaphne  and  Urbanodendran,  as  well  as  in  species  of  AcrodicUdium, 
Aniba,  Cryptocarya  and  Misanieca.  The  lateral  walls  of  the  epidermal  cells 
are  oi^v  rarely  undulated,  and  particidarly  rarely  on  the  upper  side  of  the  leaf. 
Lateral  waUs,  which  are  bent  in  a  zig-zag  manner  with  ridge-like  processes  in 
the  apices  of  the  angles,  are  foimd  in  species  of  Cryptocarya,  Hufelandia',  and 
Sassafras  ^  (for  the  most  part  on  both  sides  of  the  leaf) ;  high  epidermal  ceUs 
occur  in  BeUota  costaricensis,  Mez,  Endlicheria  impressa,  Mez,  and  in  species 
of  Aniba,  Neckmdra,  Ocotea,  Persea  and  Phoebe ;  papillose  differentiation  of 
the  lower  epidermis  has  been  observed  in  species  of  Acrodiclidium,  Aniba, 
Endlicheria,  Nectandra,  Persea  and  Phoebe  \  Gelatinized  epidermal  cells  have 
not  as  yet  been  recorded  in  the  Laurineae  ;  nor  are  they  present  in  Cinnamo- 
mum  Camphora,  Nees  et  Eberm.  as  I  am  able  to  state  on  the  basis  of  an  investi- 
gation of  this  species,  although  Tschirch  and  Shirasawa  mention  the  occurrence 
of  abundant  mucilage  in  the  epidermis  of  the  leaf.  In  some  species  of  Ocotea, 
Persea  and  Phoebe  a  marking  of  the  cuticle  has  been  observed  in  the  form  of 
a  delicate  punctation,  but  striation  of  the  entire  cuticle  has  not  been  found 
in  any  case.  In  the  species  examined  by  Petzold  the  stomata  are  again  con- 
fined exclusively  to  the  lower  side  of  the  leaf.  They  are,  moreover,  invariably 
accompanied  by  subsidiary  cells,  one  of  which  is  placed  on  either  side  of,  and 
parallel  to,  the  pore  (also  in  Persea  indica,  Spreng.,  in  opposition  to  Clauditz, 
loc.  cit.).  According  to  Petzold  pecidiar  ridge-Uke  processes  are  present  on 
the  pairs  of  guard-ceUs  in  species  of  Acrodiclidium,  Ajouea,  Aniba,  Cryptocarya, 
DicypMium,  Endlicheria,  Misanteca,  Nectandra,  Ocotea  and  Phoebe,  broad 
subsidiaiy  cells  showing  a  radial  striation  in  two  closely  related  species  of 
Phoebe  (A  Pittieri,  Mez,  and  P.  psychotrioides,  Mez),  and  depressed  stomata, 
the  pores  of  which  are  placed  at  right  angles  to  the  sUt-shaped  vestibule,  formed 
by  the  subsidiary  cells,  in  Misanteca  capitata,  Cham,  et  Schlecht.,  and  most 
of  the  American  species  of  Cryptocarya.  On  the  stem  of  Cassytha  filiformis  the 
pairs  of  guard-cells  show  the  same  transverse  arrangement  as  in  (7.  americana. 
Hypoderm  has  in  the  first  place  been  recorded  by  Petzold  on  the  upper  side 
of  the  leaf  in  all  the  species  of  Cryptocarya  and  Hufelandia,  as  well  as  m  certain 
species  of  BMota,  Endlicheria,  Nectandra,  Ocotea,  Persea  and  Phoebe^.  In 
most  cases  it  consists  of  a  single  layer  of  cells,  rarely  {BeUota  nitida,  Persea 
boldufolia,  Hufdandia  rigida,  Mez)  of  two  layers.    Hypoderm  has  been  observed 


^  viz.:  Cryptocarya  minutiflora,  Mez,  C  subcorymbosay  Mez;  Hufelandia  emarginata,  Mez, 
//.  rigida,  Mez,  If,  Taubertiana,  Mez ;  Sasst^as  tfarii/aiium,  O.  K. 

*  viz. :  Acrwiiciidium  hrasilims€y  Nees;  AtUha  firmtUa,  Mez,  A.  Gardneri,  Mez,  A,  muca^  Mez, 
A.  MUlleriana,  Mez;  Endlicheria  anomala^  Nees,  E,  imilressa^  Mez;  Nutandra  japurtmisy  Neet, 
N.  turbatmsis,  Neei;  Persea  bolivimsis,  Mez,  /*.  caretinensis,  Nees,  P.  ckrysopkylla,  Mez,  P, 
coerulea,  Mez,  P,  cordaia^  Mez,  P.  domingensis,  Mez,  P,  microphyHa,  Mez,  P,  raceniosa,  Mez,  P, 
vestiia,  Mez;  Phoebe  cinnatrtomifolia,  Nees,  P,  cubensis,  Nees,  P,  heteropetcda,  Mez,  P,  mexicana, 
Meissn.,  P,  montane^  Griseb.,  P,  iriplinervis,  Mez. 

'  These  species  are :  BeUota  Mursii,  Gay,  B,  nitida,  PhiL ;  Endlicheria  Lhotskyi,  Mez,  E, 
sericea,  Nees;  Nectandra  amplifolia,  Mez;  Ocotea  aurantiodora,  Mez,  O.  cuneaia,  Urb.,  0. 
daphntfoUa,  Mez,  O.  ferruginea,  Mez,  O^fioccifera,  Mez,  0,  foeniculacea,  Mez,  0,  Netnodaphnc, 
Mez,  O,  ru/a,  Mez,  0.  Sodiroana,  Mez,  0,  spcUhulaiay  Mez,  O,  verruculosa,  Mez,  0.  Wrightii, 
Mez ;  Persea  boldufolia,  Mez,  P,  crassifolia,  Mez,  P.  gUiberrima,  Mez,  P,  Lingue,  Nees,  P*  Mutisii, 
H.  B.  K.;  Phoebe  costaricensis,  Mez,  P,  mexicana,  MeisSD. 
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on  both  sides  of  the  leaf  only  in  Hufelandia  rigida.  In  connexion  with  the 
earlier  statements  on  the  hypoderm,  which  were  made  on  Pax's  authority^  we 
maj[  note  that  this  author  figtires  hvpodenn  (in  the  '  Natikrliche  Pflanzen- 
familien ')  in  Aydendron  sericeum^  Griseb.,  and  Crypiocarya BMus^  Mol.  Holter- 
mann  records  hypoderm  in  Crypiocarya  Wighiiana^  and  Dabard  and  Dop 
in  Ravensara  Perrieri  sp.  nov.  According  to  Petzold  the  smaller  veins  are 
vertically  transcurrent  by  means  of  sclerenchyma  also  in  a  very  large  number 
of  the  American  members  of  the  Order.  In  Persea  crassifolia^  Hez»  P.  MtUisii^ 
H.B.K.y  and  P.  rufotomentosa,  Nees  the  sheath  of  sclerenchyma  spreads  out 
beneath  the  upper  epidermis,  thus  forming  a  sclerenchymatous  hypoderm  of 
one  or  two  layers. 

To  the  section  dealing  with  the  oil-  and  mncilage-cells  (p.  703  et  seq.)  the 
following  details  may  be  added.  The  oil-cells  are  present  in  all  the  genera 
and  species  hitherto  examined ;  in  Laurus  nobilis  (according  to  Habenandt) 
and  in  species  of  Cinnamomum  (according  to  R.  M^er)  these  elements  show 
the  same  features  as  we  have  had  occasion  to  notice  in  the  Ar]Stolochiaceae,&c.» 
that  is  to  say  the  secretion  is  enclosed  in  a  pouch,  which  is  suspended  by  means 
of  a  cuticularized  '  basin.'  Petzold  does  not  record  epidermal  secretory  cells 
in  any  of  the  species  examined  by  him.  The  mucilage-ceUs,  according  to 
this  author,  occur  either  in  the  palisade  tissue  only  (this  being  mostly 
the  case)  or  in  the  spongy  tissue  only  (rarely)  or  both  in  the  palisade 
and  spongy  tissues.  According  to  him  they  are  present  in  Acrodiclidium 
pro  parte,  Aniba  pro  parte,  Bdlota^  Crypiocarya  pro  parte,  Endlickeria 
pro  parte,  Hufelandia,  Liisea  pro  parte,  Misanteca  pro  parte,  Nedandra 
pro  parte,  Ocoiea  pro  parte,  Persea  pro  parte,  Phoebe  pro  parte,  Pleuro- 
ihyrium.  Sassafras,  Silvia  pro  parte,  Sysiemonodaphne  and  Urbanoden* 
dron,  while  they  are  wanting  in  Acrodiclidium  pro  parte,  Ajouea,  Aniba  pro 
parte.  Benzoin,  Crypiocarya  pro  parte,  Dicypdlium,  Endlickeria  pro  parte, 
Liisea  pro  parte,  Mtsanieca  pro  parte,  Nedandra  pro  parte,  Ocoiea  pro  parte, 
Persea  pro  parte,  Phoebe  pro  parte  and  Silvia  pro  parte. 

With  reference  to  the  mode  of  deposition  of  oxalate  of  lime  we  may  note 
that  the  small  crystals  occasionally  occur  also  in  the  epidermis  of  the  leaf. 

Petzold,  like  the  earlier  observers,  found  only  imicellular  clothing  hairs 
in  the  hairy  covering.  A  special  type  of  hair  occurs  in  species  of  Aniba,  Nec' 
iandra  and  Ocoiea,  the  body  of  the  hair  above  the  point  of  its  insertion  being 
prolonged  into  a  latersd  crop-like  outgrowth.  Mention  may  also  be  made  of 
the  apparently  septate  hsdrs,  found  in  species  of  Aniba,  Endlickeria,  Nedandra, 
Ocoiea,  Persea  and  Phoebe ;  the  septation  depends  on  the  fact  that  the  lumen 
of  the  cell  forming  the  hair  disappears  completely  at  certain  points. 

3.  Structure  of  the  Axis.  The  stem  of  Cassytha  fiUformis  shows  about 
the  same  type  of  structure  as  that  of  C.  americana  (Schmidt,  Bowig,  Mirande). 
According  to  Mirande  the  hypocotyl  and  the  young  axis  of  C.  filiformis 
exhibit  a  ring  of  isolated  bundles  in  transverse  section ;  these  bundles  are 
either  fully  <Merentiated  vascular  bundles  or  consist  of  phloem  only.  The 
same  author  states  that  in  very  old  axes  of  this  species  radially  elongated  bands 
of  wood  are  developed  by  the  activity  of  cambial  arcs,  arising  on  the  inner  side 
of  the  groups  of  soft  bast. 

The  pecuUar  '  cellules  de  marteau  '  described  by  Mirande  in  the  endodermis 
of  C.  filiforfnis,  and  the  lysigenous  secretory  spaces  found  in  C.  americana  and 
C  filiformis,  still  require  a  special  consideration ;  the  latter  resemble  canals,  are 
situated  between  the  groups  of  pericydic  bast-fibres,  and  are  filled  with  mudlage. 
The  '  cellules  de  marteau^  are  particularly  prominent  in  the  young  axis ;  they 
bear  a  blunt  tip,  which  projects  on  the  inner  side  of  the  endodermis,  and  in  contrast 
to  the  other  eudodermal  cells  they  contain  no  staich,  but  have  abundant  proto- 
plasmic contents  and  a  large  nucleus.    Their  contents  enable  one  to  recognise 
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them  aho  m  older  stems.  In  C.  filiformis  the  mucilage-spaces  above  mentioned  are 
formed  as  the  result  of  the  gelatinization  of  the  walls  of  four  or  five  rows  of  flattened 
cells  with  wide  lumina  (Mirande).  The  mucilage-ceUs,  which  occupy  a  subepidermal 
position  in  the  primary  cortex  of  C.  filiformis,  in  some  cases  likewise  fuse  to  form 
mudlage-canals.  Mucilage-cells  are  present  in  the  mesophyll  of  the  scale-Uke  leaves 
both  in  C.  filiformis  and  C.  americana. 

A  composite  and  continuous  ring  of  sclerenchyma,  including  U-shaped 
stone-cells,  is  recorded  by  Pitard  in  the  pericycle  in  numerous  species  belonging 
to  the  genera  previously  enumerated  in  this  connexion,  as  well  as  in  Hufdandia 
pendida.  According  to  Hartwich  the  pericydic  strengthenuig  ring  in  Cinna- 
momum  zeylanicum  becomes  thrown  off  m  older  stages  owing  to  the  formation  of 
internal  cork,  its  place  being  taken  by  a  new  ring  of  stone-cells,  which  is 
formed  for  the  most  part  from  tissue  belonging  to  the  phelloderm.  According 
to  Hartwich  a  secondary  ring  of  stone-cells  of  this  kind  is  developed  also  in 
Actinodaphne,  Caryodaphne  (»  Cryptocarya),  Haasia  (-  Dehaasia),  MespUo- 
daphne,  Ochnodaphne,  and  TetratUhera  { =  Litsea). 

Utentnre:  Decaisne,  Stract.  anat.  dc  la  Cuscute  et  dn  Cassytha,  Ann.  sc.  nat,  »er.  3,  t.  v,  1846, 

pp.  347,  348.— PoalBen,  Hauatorinm  von  Cassytha^  etc.,   Flora,  1877,  P«  5o7  «t  seq.— Hohnel, 

Gcrberinden,  Berlin,  1880,  p.  95  et  seq.— Pfister,  Zimmtrinden,  in  Hilger,  etc.,  Fonch.-Ber.  f.  Lebens- 

mittel,  i,  1894, PP*  ^  ^'^^  ^5  ^ b^- — [Basdn,  Sassafras^  Americ.  Jonm.  of  Bot.,  1895, p.  31a  et leq.] — 

Biermann,  Clzellen,  Diaa.,  Bern,  1898,  pp.  13-29. — [Sayre,  Cinnamon  barks,  Drngg.  Circular,  etc., 

1898,  n.  9.] — Hartwich,  Cotorinde,  Archiv  d.  Pharm.,  ccxxxvii,  1899,  p.  437  et  seq.— Tschirch, 

Harzbild.,  Festschrift  f.  Schwendener,  1899,  p.  464  et  seq. — Hartwich,  Ceylonzimmt,  Vierteljahrsdir. 

natnrf.  Geaellsch.  Ziirich,  looa  pp.  199-304.— Tschirch,  Harze  a.  Harzbefaalter,  1900,  p.  387  et  aeq. 

•—Hartwich,  Zimmt,  Archiv  d.  Pharm.,  1901,  pp.  181-301  and  Tab.— Pitard,  Pericycle,  Th^ 

Bordeaux,  1901,  pp.  79,  80.— Siedler,  Chines.  Bandolinenhok,  Ber.  dentsch.  pharm.  Gesellsch.,  1901, 

p.  30;  abstr.  in  Just,  1901,  ii,  p.  99. — Baigagli-Petnicci,  L^[nami,  Malpighia,  1903,  p.  397  et  seq. — 

Clanditz,  Blattanat  canar.  Gew.,  iSiss.,  Basel,  1903,  pp.  17-33  {Lauras,  OcOio,  Ptrsea^  P/mU),-^ 

Gerhard,  Blattanat.  v.  Gew.  d.  Knyinawaldes,  Diss.,  Basel,  1903,  pp.  38-30. — A.  Th.  Schmidt, 

Cas^tha  filiformis,  Osterreich.  Ix^  Zeitschr.,   1903,   pp.   173-7  and  Tab.  vii. — ^Tschirch   and 

Shiraaawa,  Kampher,  Archiv  d.  Pharm.,  1903,  pp.  357-9. — ^Achner,  Falsche  Chinarinden,  Diss., 
**  .  «..   .     ^       .•     — .-       .    ^^  ..,.•.         ^ 


Tab.  z  {AcHnodaphne),  pp.  87-9  (Cn^/^co^a)..— Mirande,  Caasythac^,  Ann.  sc.  nat^  s^r.'9,  t.  ii, 
1905,  pp.  181-385. — R.  Miiller,  Olbehalter,  Ber.  deutsch.  bot.  Gesellsch.,  1905,  p.  397.— Piocioli, 
liegnusmi,  Bull.  Sena,  1906,  p.  146. — Fr.  Weiss,  Bark  in  the  Sassafras,  Bot  Gasette,  1906,  pp. 
434*44. — Dnbard  et  Dop,  Raioensara  Perrieri,  Bnll.  Soc.  bot.  de  France,  1907,  p.  156.— Gnttenberg, 
ImmergrOnes  Lanbblatt  der  Mediterranflora,  in  Engler,  Bot  Jahrb.,  zxxviii,  1907,  pp.  431-3 
{Laurus  twhUis). — Holtermann,  Einflnss  d.  Klimas,  1907,  pp.  119,  130.— Petzold,  Syst.-anat. 
Untersach.  iiber  die  BL  d.  amerik.  Lanrin.,  Diss.,  Erlangen,  1907,  34  pp. ;  sep.  copy  from  Engler, 
Bot.  Jahrb.,  xxzviii. 

HERNANDIACEAE  (pp.  707-709). 

A  one-layered  hypoderm  is  found  in  the  leaf  also  in  Gyrocarpus  Jacquini, 
Roxb«  (Holtermann).  In  SparaUanfhelium  Tupiniquinorum  the  peric)^cle  of 
the  axis  contains  isolated  bundles  of  bast-fibres,  the  intervening  pericyclic 
parenchyma  only  being  sclerosed  at  certain  points  (Pitard). 

literature :  Pitard,  Diagn.  anat.  des  div.  esp.  de  Gyrocarpus,  Actes  Soc  Linn.  Bordeaux,  Ivi, 
1901,  p^  cvii;  and  Pdricycle,  Thte,  Bordeaox,  ipoi,  p.  78.— Areschong,  Tro^.  vtat,  bladbvggn., 
Sv.  Vet.  Akad.  Handl.,  39,  n.  3,  1905,  pp.  33-4  {Mernamlia).^l{o\ttrmum,  Einfluss  dei  Klimas, 
«907i  P-  178. 

PROTEACEAE  (pp.  709-715). 

2.  Structure  of  the  Leaf.  Tassi's  paper,  which  is  cited  below,  contains 
data  on  the  structure  of  the  leaf  and  axis  m  species  of  the  genera  Banksia, 
Dryandra,  Franfdandia,  GreviUea,  Gueuina,  Hakea,  Isopogon,  Leucadendron, 
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Macadamia,  Protea,  Roufala  and  SienocarpusK  We  may  fixst  mention  that, 
according  to  Tassi,  hypoderm  occurs  also  in  Banksia  grandis^  Willd.  (composed 
of  two  layers  on  both  sides  of  the  leaf),  Guevina  AvMana^  Hoi.  (a  single  layer 
on  the  upper  side)»  and  Sienocarpus  sinuatus,  Endl.  (one  or  two  layers  on  the 
upper  side,  and  sometimes  also  a  single  layer  on  the  lower  side),  and  soUtary 
crystals  of  oxalate  of  lime  in  the  pith  of  the  axis  also  in  Guevina  AveUana  and 
Leucadendron  argenteum^  R.  Br.  and  in  the  epidermal  cells  of  the  leaf  in  Hakea 
laurina^  R.  Br.  According  to  Francken  sderenchymatous  fibres,  which  are 
connected  with  the  sclerenchyma  of  the  veins,  are  found  in  the  mesophyll  also 
in  species  of  Banksia  and  Dryandra  (Banksia  dryandraides^  Baxt.,  and  B.  nuar^ 
cescens,  R.  Br.,  Dryandra  artnata^  R.  Br.). 

For  the  varied  structure  of  the  leaf  in  the  heterophyllous  species  of  Hakea, 
see  Carlsson  and  Paoh,  U.  cc. 

3.  Structure  of  the  Axis.  Sienocarpus  sinuaius  likewise  shows  sub- 
epidermal development  of  the  cork  and  groups  of  bast-fibres  in  the  pericycle. 
AccorcUng  to  Pitard  a  composite  and  continuous  ring  of  sclerenchvma  is  found 
in  the  pericycle  in  Banksia  ericaefolia^  Grevi^ea  brevifolia,  G.  buxifdia^  G.  macro- 
stachya,  Persoonia  ferruginea  and  Rkopala  VieiUardi. 

Litexmtnre:  Hohnel,  Gerberinden,  Berlin,  1880,  p.  07  et  seq. — Carlsson,  I/aJtea  VictoHae,  BoL 
CentralbL,  1886,  ill,  pp.  77-9. — Wijnaendts  Francken,  Sclereiden,  Diss.,  Utrecht,  1890,  pp.  45-50« 
— Hoolbert,  Bois  sec  des  Proteac,  Assoc.  fmn9.  Besan9on,  1893,  ii,  pnbl.  1894,  p.  544  et  seq.  (with 
a  table  for  the  determination  of  the  genera).— Knoblauch,  Okolog.  Anat,  etc.,  Habilitat-Sdu-., 
Tiibingen,  1896,  p.  15  et  seq. — Tassi,  Le  Proteaoee,  in  specie  dello  Sienocarpus  nnuatus^  Endl., 
stndio  anat.-inorphoL,  Bull.  Labor,  ed  Orto  bot  Siena,  1,  1898,  pp.  67-134.,  13  tab.,  espedallj 


pp.  ioa-19  and  Tab.  yii-zii.-r Pitard,  Pericycle,  These,  Biordeaux,  1901,  p.  05. — Paoli,  £tero611ia 
\jlakea  suaveoUnSf  R.  Br.),  Naovo  Giom.  bot  Ital.,  xi,  1904,  pp.  204-7  <uid  Tab.  ii. — Aieschong, 
Trop.  TJixt.  bladbjggn.,  Sv.  Vet.  Akad.  Handl.,  30,  n.  a,  i  -      .  .      ~ 

Spaltoffnongsapparat,  Jena,  1905,  pp.  136-30  and  Tab.  i. 


THYMELAEACEAE  (pp.  715-721). 

1.  To  the  Review  of  the  Anatomical  Features  we  may  add  that 
interxylary  phloem  occurs  side  by  side  with  intraxylary  phloem  also  in  the 
genus  Brachytkalamus,  which  is  closely  related  to  Gyrinopsand  Gyrinopsis. 

2.  Structure  of  the  Leaf.  I  have  examined  the  structure  of  the  leaf 
in  Brackythalamus  caudaius^  GUg  (Beccari,  n.  911,  New  Guinea),  and  may 
mention  the  following  details  regarding  it.  The  leaves  are  bifacial  in  structure ; 
isolated  sclerenchjonatous  fibres  branch  ofi  from  the  bast-fibres  accompanying 
the  vascular  bundles  of  the  veins  and  penetrate  into  the  mesophyll;  the 
epidermal  cells  are  not  gelatinized ;  the  stomata,  which  are  surrounded  by 
ordinary  epidermal  cells,  are  confined  to  the  lower  side  of  the  leaf,  where  they 
occur  only  in  small  numbers,  and  are  united  to  form  indistinct  groups  ;  the 
clothing  hairs  are  imicellular ;  oxalate  of  lime,  lastly,  is  excreted  in  the  form  of 
styloids,  and  the  same  is  the  case  in  the  axis  of  Brackythalamus  podocarpus, 
Gilg  (Beccari,  n.  299,  New  Guinea). 

According  to  Keissler  the  '  foUa  albo-puncticulata '  (described  by  earlier 
authors  as  '  gXanduloso-punctata ')  recorded  by  him  in  the  species  of  Dapkne^ 
belonging  to  the  subsections  Oleoides,  Gnidium  and  Cneorum,  as  well  as  in 
Passerina  grandiflora,  L.,  are  due  to  the  fact  that  each  of  the  stomata  is  sur- 
rounded by  a  rosette  of  papillose  epidermal  cells  having  a  granular  cuticle. 

3.  Structure  of  the  Axis.  In  Brackythalamus  podocarpus  the  xylem- 
mass  contains  :  (a)  uniseriate  medullary  rays  ;  (6)  vessels,  which  have  rather 

1  The  plant  examined  by  Tassi  nnder  the  name  of  *  Persconia  myrtilloideSf  Sieb.'  is  incorrectly 
determined.  According  to  Tassi  it  has  secretory  cavities  in  the  leaf  and  bicollatenil  yascnlar  bundles 
in  the  petiolei  so  that  it  is  a  member  of  the  Myrtaceae. 
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small  liimina»  are  provided  with  simple  perforations,  and  bear  bordered  pits 
in  contact  with  parenchyma  of  the  medullary  rays;  (c)  wood-fibres,  which  have 
wide  Imnina  and  bear  rather  small  bordered  pits  (bordered  pits  also  with  broadly 
elliptical,  slit-shaped  apertures) ;  and  (d)  interxylary  phloem  (the  presence  of 
sieve-tubes  has  h&en  demonstrated!).  The  interxylary  phloem  occurs  abun- 
dantly even  in  young  branches  in  the  form  of  groups  of  varying  shape  ;  in  some 
cases  it  is  even  found  on  the  outer  side  of  the  groups  of  primary  vessels  ;  it 
does  not  include  bast-fibres.  At  this  point  we  may  also  mention  that,  contrary 
to  Leisering's  recent  statements  \  the  interxylary  soft  bast  devdops  at  the 
inner  margin  of  the  cambium  (i.e.  internal  to  the  latter)  in  the  Thymelaeaceae 
examined  in  detail  by  Van  Tieghem. 

To  the  section  dealing  with  the  structure  of  the  cortex  we  may  add  that 
in  Brachythalamus  podocarpus  I  was  able  to  demonstrate  epidermal  develop- 
ment of  the  cork  and  the  structure  of  the  bast,  which  is  characteristic  of  the 
Thsonelaeaceae.  According  to  JenSi^  '  the  bast-fibres  of  the  Thymelaeaceae 
afford  an  anatomical  feature,  which  is  characteristic  of  the  Order ;  their  shape 
namely  differs  from  the  usual  fusiform  shape  of  these  elements,  since  their  ends 
are  pointed  only  in  very  rare  cases,  being  for  the  most  part  swollen  in  a  davate 
manner,  although  often  truncate;  enlargements  and  constrictions  and  pecu- 
liarly shaped  indentations  and  lobes  are  of  almost  regular  occurrence,  being  for 
the  most  part  confined  to  one  side  of  the  bast-fibre  (for  details,  see  loc.  cit.). 

APPENDIX:    OCTOLEPIS  AND  GONYSTYLUS  (p.  721). 

In  the  four  new  spedes  of  Octolepis,  recently  established  by  Gilg,  he  likewise 
demonstrated  mudlage-cells  in  the  pith  and  cortex,  and  the  absence  of  intraxylary 
phloem. 

Literature :  fThonyeiiin,  Bols  d*ftIo^  et  d*aigle,  Jonrn.  de  Phamu  ct  de  Chim.,  1893,  n.  i,  a.]— 
XnobUnch,  Okolog.  Anatomie,  etc.,  Habilitat.-Schr.,  Tttbingen,  1896,  p.  11  et  leq. — Boemsen, 
Exknn.  i  SydspaDien,  Bot  Tidsskrift,  xzi,  1897-8,  pp.  143,  144  (^TAyfi^^^'^  ^<rn</a) .•^Keisiler, 
Daphne,  in  Engler,  Bot  Jahrb.,  xxv,  1898,  pp.  34,  35. — ^J.  MoUer,  lignum  aloes,  Pluurmaz.  Post, 
xzxi,  1898,  flcp.  copy,  a8  pp. — Gilg,  Octoiepis^  in  Engler,  Bot  JahnK,  xxviii,  1899,  p.  141. — 
Leisering,  Interzylares  Leptom,  Diss.,  Berlin,  1899,  pp.  13,  14. — ^Petersen,  Vedanatomi,  looi,  pp. 
.S3>  54  {flophne  Mezireum,  L.). — Pitard,  P^ricycle,  These,  Bordeaux,  1901,  p.  93. — AugagfU 
Petmcci,  Legnami,  Malpighia,  1903,  p.  324  {jGcr^stylui), — Clauditz,  Blattanat.  canar.  Gew.,  Diss., 
Basel,  190a,  pp.  37-9  ((7MfVftMi»).— TenOiS,  Bastfasem  der  Tbymelaeac.,  Osterr.  bot  Zdtschr.,  1903, 
pp.  151-4  and  aa8-3i. — [Annari,  Piante  della  reg.  medit.,  Annali  di  Bot,  i,  1903,  p.  17  et  seq. 
{/)aphne\'\ — Col,  Faisceaux,  Ann.  sc.  nat.,  s^.  8,  t.  xx,  1904,  p.  160,  etc. — Siissenguth,  Behaarungs: 
verbu  d.  Wturzb.  Muschelkalkpfl.,  Diss.,  Wiinburg,  1904,  p.  50. — Arescfaoug,  Trop.  vHxt.  bladbyggn., 
St.  Vet  Akad.  Handl.,  39,  n.  a,  1005,  pp.  39-41  (/'^a/;rMi).'^Frommel,  Plantas  text.  chiL,  1905, 
p.  35. — GOnther,  Anat.  d.  Myrtidoren,  Diss.,  Brcslau,  1905,  p.  33. — Boorsma,  Aloeholz,  Bull,  dc 
Depart  de  rAgiknltnre  anx  Indes  norland.,  n.  vii,  1907,  pp.  6-19. 


in 


PENAEACEAE  (pp.  722-724). 
The  thin-walled  cells  of  the  cork  mentioned  on  p.  723  consist  of  cellulose. 

Literature:  Knoblauch,  Okolog.  Pflanzenanat.,  etc.,  Habilitat-Schr.,  Tubingen,  1896,  p.  33  et 
seq. — Giinther,  Anat  d.  Myrtifloren,  Diss.,  Breslan,  1905,  pp.  3i,  33. 

ELAEAGNACEAE  (pp.  724-726). 

Literature:  Petersen,  Vedanatomi,  1901,  pp.  55,  56  UlipMhae  rhamtwides,  L.). — ^Pitard, 
PMcyde,  Thkse,  Bordeaux,  1901,  p.  90.^ — Giintber,  Anat  d.  Myitinoren,  Diss.,  Bredau,  1905,  pp. 
33,  34. — Piccioli,  Legnami,  Bull.  Siena,  1906,  p.  178. 

^  Leisering  maintains  that  Van  Tieghem's  results  are  dted  incorrectly  on  p.  730  of  this  book,  but 
that  is  not  i&  case;  in  Ann.  sc.  nat,  s6t,  7,  t.  xvii,  1893,  it  is  distinctly  statra  that :  *  ces  bandes 
procMent,  comme  le  xeste  du  bois,  du  bord  mteme  de  Tassise  gte^trice.'^ 

'  Species  of  the  following  genera  were  exammed:  Cryptadema,  DaiSy  Daphne ^  Daphnopsis^ 
DicranoUpis,  Dirca,  Edgiworthia,  Gnidia,  Lagttta^  Passerina,  Rkamttcneuron^  Tnymuaea^ 
Wiksiroemia. 


I(H6  addenda 

LORANTHACEAE  (pp.  726-730). 

1.  Review  of  the  Anatomical  Features.  In  the  Visceae  the  place  of 
the  cork  is  taken  by  a  '  cuticular  epithelium.'  Anomalous  structure  of  the 
axis  in  the  form  of  concentric  rings  of  vascular  bundles  occurs  also  in  LoratUhus 
sp.  (Deistel,  n.  77,  Cameroon). 

2.  Structure  of  the  Leaf.  Van  Tieghem's  numerous  publications  on 
this  Order  contain  scattered  observations  regarding  the  distribution  of  the 
sclereids  in  the  mesophyll,  a  feature  which  he  considers  to  be  of  primary  im- 
portance, further  on  the  distribution  of  the  groups  of  silicified  cells,  the  storage 
tracheids,  the  transversely  placed  stomata,  &c. ;  we  may  pass  over  these  data 
here  as  well  as  the  detailed  statements  on  the  structure  of  the  axis,  since  we 
may  expect  to  find  them  summarized  in  Van  Tieghem's  monograph ;  the 
citation  of  the  numerous  new  generic  names  in  connexion  with  the  anatomical 
features  does  not,  moreover,  appear  suited  to  the  purposes  of  this  book.  Hypo- 
derm  (composed  of  one  or  two  layers)  has  recently  been  recorded  by  Holtermann 
in  the  leaf  of  LoratUhus  capitellatus  ;  it  had  not  hitherto  been  observed  in  this 
Order. 

3.  Structure  of  the  Axis.  In  the  Visceae  {Viscum,  Arceutkobium, 
DendropMhara,  Pkoradendron,  Notothixos)  no  cork  is  formed;  according  to 
Damm  (for  details,  see  loc.  cit.)  the  epidermis  at  first  keeps  pace  with  the  growth 
in  thiclaiess  by  stretching  and  division  of  its  cells,  but  suteeijuently  a '  cuticular 
epithelium'  appears  in  place  of  the  cork.  This  epithelium  comprises  cells 
belonging  to  the  epidermis  and  primary  cortex  in  which  the  outer  walls  have 
become  thickened  by  the  formation  of  cuticular  layers. 

I  have  casually  observed  the  case  of  anomalous  structure  of  the  axis 
referred  to  above  in  material  of  LoratUhus^  belonging  to  the  Munich  herbarium 
(cited  above).  The  branch,  which  is  i^  cm.  thick,  has  three  or  four  rings  of 
growth.  The  groups  of  soft  bast  belonging  to  the  individual  rings  of  bundles 
are  separated  from  one  another  by  sclerosed  medullary  rays,  so  that  in  a  trans- 
verse section  they  appear  like  islands,  which  show  a  concentric  arrangement. 
The  secondary  vascular  bundles  are  developed  in  the  pericyclic  parenchyma 
internal  to  a  zone  marked  by  the  occurrence  of  groups  of  bast-fibres. 

Literature:  Van  Tieg^em,  Nnmeroiis  papers  in  Bnll.  Soc.  bot.  de  France,  1895-6. — Boeigesen 
og  Paulsen,  Veg.  paa  de  diansk.  vestind.  0er,  Bot.  Tidsskrift,  xxii,  1898-9,  pp.  T07-9  {I'OroMtJkm 
emaffi'nafus,Sw.),^Lc\aiaing,  InterzylSres  Leptom,  Diss.,  Berlin,  1899,  p.  13.— [Cannon,  Anatomy 
o{  Phoradendron  vilhmm,  BuU.  Torrey  Bot.  Club.,  xxviii,  1901,  p^  374.]— Petersen,  Vedanatom^ 
1901,  pp.  71,  72  {Viscum  albuMf  L.).— Thiselton-Dyer,  Haustorinm  ol  Loranthus  apkyUus^  AnnaU 
or  Bot.,  1901,  pp.  749-57  and  pi.  xl.— Van  Ti^hem,  Rliizanth^roe,  Joum.  de  Bot.,  xv,  1901,  pp. 
3<^>  3j^7*— I^unm,  Ban  mehij.  Perid.,  Beili.  z.  bot.  CentralbL,  xi,  1903,  pp.  219-60  and  Tab.  i~iv.— 
Van  Ti^hem,  Beccazine^  Joum.  de  Bot.,  xvi,  190a,  pp.  1-5,  especially  p.  2.— Keiche,  PhrygiUmtkus 
aphvllus.  Flora,  1904,  pp.  271-97  and  Tab.  ▼.— Piccioli,  L^nami,  Bull.  Siena,  1906,  p.  175.— 
Holtermann,  Einfluss  d.  Klimas,  1907,  pp.  72  and  140.— [Reiche,  Phrygiiantkus-Pixtm,  Flora, 
^cvii,  1907,  pp.  375-401  and  Tab.  xiii,  xiv.]— [Van  Ti^hem,  InovuWes,  Ann,  sc  nat,  sir.  9,  t. 

SANTALACEAE  (pp.  730-737). 

The  rows  of  tracheides,  mentioned  as  occurring  in  the  leaf  on  p.  732,  are 
found  also  in  Osyris  alba,  L.  (Guttenberg). 

APPENDIX :    i.  MYZODENDRON  (p.  733). 

The  species  having  medullary  vascular  bundles  form  the  subsections  Archu 
phyllum  and  Telophyllum,  which  are  regarded  as  genera  by  Van  Tieghem. 

J.  GRUBBIA  (p.  737). 
We  may  add  that  the  periderm  in  Grubbia  rosmarinifolia.  Berg  arises  in  the 
epidermis,  and  is  composed  of  tabular  cells  with  thin  walls,  and  that  in  G.  siricta. 
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DC,  which  belongs  to  the  section  Ophira^  stone-cells  occur  in  the  primary  cortex 
and  numerous  bast-fibres  in  the  secondary  bast  (Van  Tieghem). 

literature :  Van  Tieehem,  Myzodendracto,  BuIL  Soc  bot  de  France,  1895,  p.  558.— Van 
Tieghem,  Gmbbiacte,  Jonm.  de  Bot.,  1897,  pp.  137-38. — Volkens,  OttafrUc.  Sandelholz, 
Notizbl.  Berliner  bot.  Garten,  etc,  n.  9,  1897,  pp.  273-5- — [Kosano,  Hanstorinm  of  BuckUfa 
qtiadriala,  Bot.  Magax.,  Tokyo,  xiv,  1900  (Japanoe).] — ^Pitard,  PM^df*  Th^,  Bordeanx,  1901, 
p.  95. — Knsano,  Paraittism  of  Bucklej^a  quadriala^  Jonm.  College  of  Sc.  Imp.  Univ.  of  Tokjo,  xvii. 
Art.  10,  190a,  46  pp.,  1  Tab. — [Barber,  Hanstoria  of  Sandal  roots,  Indian  Forester,  xxxi,  1905, 
pp.  189-301,  pL ;  amtr.  in  Jast,  1905,  ii,  p.  53.]— Fraysse,  Su^oin  de  VOsyris  a/ba^  Comptes  rendus 
piiris,  czl,  1905,  pp.  370,  371 ;  and  Parasitbrne  de  VOsyris,  loc.  dt.,  pp.  318,  319. — [Btfber,  Han- 
storinm  of  Santaium  album,  Mem.  Departm.  Agr.  Ind.,  Botany,  1906,  30  pp.j — [Pizzoni,  Anstori 
dell*  Osyris  alba,  Annali  di  Bot,  iv,  1906,  pp.  79-98  and  Tab.  iiia.] — Gnttenbeig,  LanbbU  d. 
Medtterranflora,  in  Engler,  Bot.  Jahrb.,  xxxviii,  1907,  p.  419  (^Osyris  a/ba,  L.). 

BALANOPHOREAE  (pp.  738,  739). 

We  may  add  that  stomata  have  recently  been  observed  on  the  scale-leaves^ 
bracts  and  certain  parts  of  the  flower  in  Cynopnarium  cocdneum^  the  ordinary 
pairs  of  guard-cells  oeing  accompanied  by  twin*stomata  and  stomata,  in  which 
one  or  both  of  the  guard-cells  are  transversely  divided  into  two  cells  (Pirotta 
and  Longo). 

Literature:  Pirotta  e  Longo,  Stomi  nel  Cyncmonum,  Rendinc.  Accad.  dd  Lined,  yiii,  1899, 
pp.  98-ioo.«— Baccarini  e  Cannarella,  Cynamorium  coccineum^  Rendinc.  Aocad.  dei  Lincei,  tiu, 
i^»  PP*  317-M  And  [Atti  Accad.  Gioenia  sc.  nat  Cattania,  ser.  4,  xil,  1899,  60  pp.,  3  Tab.].-^ 
Ponch,  Spaltoffnangsapparat,  Jena,  1905,  pp.  69,  70. — [For  further  literature,  see  p.  1169.] 

EUPHORBIACEAE  (pp.  739-763). 

1.  The  Review  of  the  Anatomical  Features  requires  the  following 
additions : 

The  cork  may  occasionally  develop  in  the  pericycle. 

Oxalate  of  lime  :  Styloids  occur  also  in  Claoxylon  (incl.  Micrococca)  and 
Erythfococca  ;  some  of  the  idioblasts  containing  clustered  crystals  are  of  sub* 
epidermal  origin,  but  push  their  way  between  the  epidermal  ceUs. 

Internal  secretory  system :  Elongated  secretory  sacs  (V),  like  those  of 
MaUoius^  are  found  also  in  species  of  Amanoa  and  Uapaca^  while  sac-shaped 
secretory  cells  (VI),  which  are  situated  in  the  epidermis  of  the  leaf  and  resemble 
those  of  RicinuSf  have  been  observed  also  in  species  of  Bischoffia  and  Mareya.  ■• 

Trichomes :  Branched  multicellidar  clothing  hairs  occur  in  species  of 
PhyUantkus^  and  peltate  hairs  also  in  Crotonogyne. 

Anomalous  structural  features  of  the  axis :  Lepidoturus  (Acalypheae) 
likewise  has  interxylary  phloem.  Cortical  vascular  bundles  are  found  in 
certain  Euphorbias, 

The  following  anatomical  features  still  deserve  notice:  Cork*cells,  the 
walls  of  which  are  partly  encrusted  with  small  crystals  of  oxalate  of  lime  (in 
species  of  Croion) ;  fibrous  cells  in  the  primary  cortex  or  pith,  as  the  case  may 
be  (in  species  of  AngostyliSf  Conceveiba,  Euphorbia^  and  Hyaenanche) ;  occur- 
rence of  palisade  tissue  or  of  large  lacunae  in  the  primary  cortex  (species  of 
Euphorbia) ;  strong  development  of  the  primary  cortical  parenchyma  owing  to 
the  activity  of  a  secondary  meristem  (in  the  Cactus-like  Euphorbias) ;  stomata 
placed  transversely  to  the  longitudinal  axis  of  the  stem  (in  certain  Euphorbias), 

2.  Structure  of  the  Leaf  \    We  may  add  the  following  details  to  the 


^  Among  the  papers  recently  published  00  the  systematic  anatomy  of  this  Order  we  may,  as  a 
supplement  to  the  UMitnote  on  pw  741.  mention  G«ncher*s  investigations.  The  most  impoftant 
contfibntion  is  that  published  in  Ann.  sc.  nat.,  s^.  8,  t.  xv.    Unfortunately,  howcrer,  the  literature, 
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section  dealing  with  the  structure  of  the  epidermis  (p.  741).  The  lower  epidermis 
of  Euphorbia  fubescens  has  jagged  lateral  walls  with  projections  in  the  angles* 
just  as  in  the  epidermis  of  many  petals.  Gelatinization  of  the  epidermis  of  the 
leaf  is  found  also  in  species  of  Baccaurea  (see  Rothdauscher  and  Areschoug). 
A  thick  covering  of  wax,  consisting  of  small  rods,  is  found  on  the  leaves  in 
Euphorbia  piscaUfria,  Ait.,  the  layer  of  wax  being  interrupted  above  the  stomata 
by  gapsy  the  size  of  which  corresponds  to  that  of  the  stomata.  Incrustations 
of  wax,  which  show  the  same  structure,  and  may  be  as  much  as  70  /m  thick, 
also  cover  the  epidermis  of  the  axis  in  the  Cactus-like  Euphorbias ;  they  are 
perforated  above  the  stomata,  around  which  they  are  occasionally  (£.  TirucaUi) 
elevated  to  some  height  in  the  form  of  a  broad  ring  of  wax.  Papillose  develop- 
ment of  the  epidermis  of  the  leaf  has  been  observed  also  in  Breynia  disticha, 
MiiU.  Arg.  and  B.  rubra,  MiOl.  Arg.  (Phyllantheae,  on  the  lower  side),  as  well  as 
in  Euphorbia  Broteri,  Daveau  (on  both  sides),  E.  dendroides,  E.  fUmcoma, 
E,  jacquiniaeflora.  Ait.,  £.  MyrsiniUs  (on  both  sides),  E.  nicaeensis  and  £. 
piscaioriOf  Ait. ;  a  many-layered  hypoderm  occurs  on  the  upper  side  of  the 
ericoid  leaves  of  Micranthemum  ertcoides,  Desf .,  M.  hexandruMy  Hook,  f .  and 
Stachystemon  vermiculariSy  Planch.  (Caletieae) ;  a  one-layered  hypoderm,  often 
composed  of  large  cells,  is  present  on  the  lower  side  of  the  leaf  in  thexerophilous 
speaes  of  Euphorbia  (e.g.  E.  Peplis,  L.,  E.  Predii,  E.  aegypHaca).  In  the 
species  of  Euphorbia  belonging  to  the  subg^us  AnisophyUum  the  stomata 
are  exceptionally  small.  Their  development  in  Euphorbia  conforms  either  to 
the  Ranunculaceous  or  Rubiaceous  types ;  the  latter  type  occurs  quite  generally 
among  the  stomata  on  the  succulent  stems  of  a  group  of  species  of  Euphorbia, 
which  are  indigenous  in  Madagascar,  and  have  been  examined  by  C^ostantin 
and  Gallaud.  Subsidiary  cells,  placed  parallel  to  the  pore,  are  present  also  in 
Leptonema  venosum,  Juss.  and  Thecacoris  gymnogyne.  Pax  (rhyllantheae). 
The  pairs  of  guard-ceUs  are  arranged  transversely  to  the  longitudinal  axis  of 
the  succulent  stems  in  Euphorbia  AUuaudi,  Drake,  E.  leucadendron,  Drake,  and 
E.  oncodada,  Drake,  whilst  in  the  related  species  the  pores  of  the  stomata  lie 
parallel  to  the  longitudinal  axis  (Costantin  and  Gallaud). 

With  reference  to  the  structure  of  the  leaf  (p.  743)  we  may  first  mention 
that  rolled  leaves  with  a  furrow  to  the  right  and  left  of  the  median  vein  occur 
also  in  certain  species  of  Cluytia,  e.g.  C.  polifolia,  Jacq.,  C.  pterogona,  Miill.  Aig., 
C.  pubescens,  Sond.  and  C.  Rustii,  Knauf  (Knauf).  Sclerenchjmfiatous  fibres 
running  freely  in  the  mesophyll  are  recorded  by  Gaucher  also  in  species  of 
Ghchidion  {PhyUanihus),  the  names  of  which  are  not  given  ;  '  branched  scleren- 
chymatous  cells  traverauig  the  mesophyll  in  a  reticulate  manner '  are  described 
b]r  Koorders  in  Chondrostylis  bancana,  Boerl. ;  sclerenchymatous  cells  resem- 
bling rod-cells  by  Areschoug  in  the  palisade  tissue  of  Excoecaria  AgaUocha, 


•part  £rom  Pax*s  paper  (in  Engler^s  Tahrb.,  v),  is  not  taken  into  consideration  by  Gaucher,  so  that  it 
will  be  necessaiy  to  reinvestigate  those  statements,  which  are  contradictory  to  the  earlier  ones, 
especially  those  referring  to  the  occurrence  of  receptacles  for  water-storage  (loc  dt.,  pp.  317,  ai  8 ; 
some  of  these  are  probably  gelatinijEed  epidermal  cells)  and  the  duplication  of  the  epidermis  (loc  cit., 
pp.  319,  a 20,  as  well  as  p.  395,  gelatinized  epidermal  cells?)  in  the  leaf,  and  statements  dealing  with 
the  secretory  organs  and  the  intraxylary  soft  bast.  Gaucher  also  determined  the  anatomical  features 
in  a  large  number  of  genera,  which  had  not  previously  been  examined,  and  has  thus  advanced  oar  know- 
led^  of  the  anatomv  of  the  Enphorbiaceae.  These  genera  are  as  follows  (arranged  under  the  tribes 
distinguished  by  Miiller-Arg.) :  i.  Caletieae :  Micranihmm,  Stachystemon,  iii.  Ampereae :  Mcnctaxis. 
iv.  Phyllantheae :  Agyneia^  Buraeayia  (not  enumerated  in  Miiller-Aig.'s  system),  ChoriophyUum 
(not  enumerated  in  Miiller-Are.'s  system),  Cvathttgyne^  Hyaenancht  {Toxicedendrm),  Leptonema, 
Maesobotrya  (not  enumerated  m  MuUer-Arg.  s  system),  PseudolachnoityliSy  ReverchmUa,  Sibangea 
(not  enumerated  in  Miiller-Arg.'s  system),  Thecacoris^  Uapaca,  v.  Bridelieae:  Cieistanthus,  vii. 
Acalypheae :  AUhomeopsiSy  Angostylis^  Crotono^yne,  Erythrococca,  Hasskarlia,  LasiocrotoHy 
Leidesia,  Lepidoturus^  Manniophyton,  Mareya^  Mischodon,  Necboutonia,  Platygyne^  Pyenocoma, 
viii.  Hippomaneae:  Bennetia  {Galearid),  CheUosa,  Omphalea.  x.  Euphorbieae:  Anthostema, 
PedikMtnnSy  Synadenium, 
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Miill.  Arg. ;  and  enlarged  terminal  tracheids  by  Gaucher  in  Atnanoa  obhngifoUat 
Hiill.  Arg.  and  certain  species  of  Euphorbia  (e.g.  E.  Broieri^  E.  MyrsinUes  and 
E.  splendens).  In  Discocarfms  (e.g.  D.  Spruceahus^  Miill.  Arg.)  and  Briddia 
mkrantha^  Miill.  Aig.  Gaucher  describes  and  figures  sclerenchymatous  plates, 
which  traverse  the  mesophyll  in  the  vertical  direction  and,  according  to  him 
(loc.  cit.,  pp.  210, 211),  do  not  include  any  vascular  elements ;  in  all  probability, 
however,  they  are  merely  veins,  which  are  vertically  transcurrent  by  means  of 
sderenchynia. 

According  to  Gaucher,  the  sheath  of  large  parenchymatous  cells  with  wide 
lumina,  previously  recorded  in  certain  species  of  Euphorbia  (in  the  section  dealing 
with  the  structure  of  the  veins,  p.  744),  is  a  feature  characteristic  of  those 
species  of  the  genus  which  belong  to  the  subgenus  AnisophyUum.  Similar 
sheaths  of  wide  parenchsnnatous  cells  containing  tannin  accompany  the  sderen* 
chyma  of  the  veins  in  species  of  Amanoa,  Discocarpus  and  Pseuaolachnostylis. 
There  is  a  complete  absence  of  sclerenchymatous  tissue  accompanjdng  the 
veins  in  the  Euphorbias. 

According  to  Gaucher,  oxalate  of  lime  (cf .  pp.  744-6)  is  found  in  the  form 
of  styloids  (in  cells  which  traverse  the  entire  thickness  of  the  mesophyll)  also  in 
ClaoxyUm  (C.  affine^  Zoll.  and  other  species),  as  well  as  in  Micrococca  Mercurialise 
Benth.  (ClaoxyUm  Mercurialis,  Thw. ;  this  record  is  not  in  agreement  with 
Rittexshausen's  earlier  statement)  and  Eryihrococca  (£.  aculeala^  Benth.  and 
E.  capensiSf  Miill.  Arg.).  The  restilts  of  Knoll's  work  have  shown  the  necessity 
for  a  reinvestigation  of  the  course  of  development  of  the  crystal-cells  in  the 
case  of  the  earlier  statements  on  the  occurrence  of  clustered  crystals  in  the 
epidermis,  or  at  least  in  the  case  of  some  of  them ;  the  object  of  the  reinvestiga- 
tion being  to  determine  whether  these  elements  really  belong  to  the  integumental 
tissue  or  whether  we  are  concerned  with  cells  (containing  clustered  crystals)  of 
the  subepidermal  layer,  which  push  their  way  in  between  the  epidermal  cells  or 
even  extend  beyond  tiiem ;  the  second  alternative  applies  to  Dalechamfia 
RoezUana,  Mull.  Arg.  (probably  abo  to  otiier  Acalypheae)  as  weU  as  to  the 
hairs  containing  clustered  crystals  found  in  PlukeneUa  and  Fragariopsis  (see 
below). 

Cells,  which  contain  clustered  crystals  and  are  either  actually  or  apparently 
situated  in  the  epidermis,  are  recorded  by  Gaucher  also  in  species  of  Securinega 
{Fluggea,  Phyllantheae),  Briddia  (where  there  are  small  groups  of  cells  containing 
oxalate  of  lime),  Crotonogym  and  Manniophyion  (Acalypheae),  and  species  of 
Jatropha  (not  mentioned  in  Herbert's  paper;    Hippomaneae). 

According  to  Gaucher,  the  crystalline  bodies,  found  in  Euphorbia  splendens 
(see  p.  746)  and  regarded  by  Pax  as  cr3^tals  of  abietinic  acid,  consist  of  oxalate 
of  lime,  which  is  absent  in  other  species  of  Euphorbia.  For  the  sphaerites  of 
calcium  phosphate  and  calcium  inalophosphate  occurring  in  the  Cactus-Uke 
Euphorbias,  see  also  Gaucher;    and  regarding  the  colouring-matter  (which 

5>roduces  a  blue  tint)  in  dried  plants  of  Mercurialis,  see  Fructus»  loc.  cit.  The 
ormer  are  found  also  in  certain  Euphorbias,  which  do  not  have  a  cactoid  habit 
(e.g.  E.  aifopurpurea  or  E.  Lathyris),  as  well  as  in  Pedilanihus  carinatus.  The 
strongly  refractive  (silicified  ?)  bodies,  observed  by  Knauf  on  the  walls  of  the 
epidmnal  cells  in  the  isothermous  species  of  Cluytta,  as  well  as  in  other  species 
of  this  genus,  still  require  closer  investigation  (cf.  Herbert,  Diss.,  p.  24). 

To  the  section  dealing  with  the  secretory  elements  of  the  Euphorbiaceae 
(p.  746  et  seq.)  the  following  detdls  may  be  added  : — 

I.  Laticiferous  cells.  As  r^ards  the  distribution  of  these  elements  we 
may  note  that,  contrary  to  Herbert,  Gaucher  records  them  in  CluyHa;  he 
likewise  mentions  their  occurrehce  in  Omphalea,  which  belongs  to  the  same 
Tribe  (Hippomaneae),  and  the  genera  Afithosiema,  Pedilanihus  and  Synademium 
(Euphorbieae).    The  laticiferous  tubes  have  been  observed  to  penetrate  into 
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the  mesophvll  also  in  Julocrokm.  In  Euphorbia  and  Macaranga  they  oftea  have 
very  wide  iumina  and  are  surrounded  by  a  sheath  of  snudl  ceUs  containing 
starch,  so  that  they  appear  ]iA  secretory  cauals.  The '  reticulate  anastomoses ' 
described  by  Ma3ms  m  the  mesophvll  of  Euphorbia  LaOiyris  are,  no  doubt,  the 
result  of  incorrect  observation  \  Molisch  records  rod-shaped  starch-grains  in 
the  contents  of  the  laticiferous  cells  also  in  Hippotnane  bigtandidosa^  Aubl.  and 
Pedilanthus  Uihymaloiies,  Poit.,  crystalloids,  not  only  in  Jatropha  CurcaSf  but 
also  in  /.  glauca^  Hort.,  /.  gossybiifoUa,  L.  and  /.  podamca.  Hook.,  peculiar 
spherical  elaioplasts  in  HomalatUnus  populneus^  Pax,  and  an  accumulation  of 
magnesium  in  the  latex  of  Euphorbia  nuimmiUaris, 

IV.  The  laticiferous  or  tanniolferous  elements  comprised  in  this  section 
are  likewise  considered  in  Gaucher's  work.  He  distinguishes  between  rows 
of  secretory  cells  of  equal  length  (Type  '  Acalypha ')  and  rows  of  secretory  cells 
of  unequal  length  (Type  '  Macaranga  digyna^  Miill.  Arg.'  with  rather  long  and 
rather  short  cells,  and  Type  'Alchornea  cordaia^  Miill.  Arg.'  with  very  long  and 
very  short  cells) ;  the  oivision-walls  between  the  cells  may  or  may  not  be 
resorbed.  Renewed  investigations  both  on  a  developmental  and  on  a  sj^tematic 
anatomical  basis  are  required  to  enable  us  once  and  for  all  to  obtain  a  dear 
conception  of  the  nature  and  systematic  value  of  these  secretory  organs. 

V.  According  to  Gaucher,  the  wide-lumened  secretory  sacs  of  MalMus 
(M.  ricinoides^  Miill.  Arg.),  which  were  referred  to  under  Secti<Hi  V,  arise  from 
a  cylindrical  complex  of  irregularly  arranged  cells  containing  secretion ;  the 
same  mode  of  origin  is  ascribed  to  the  tanniniferous  sacs  of  a  similar  type 
which  are  found  in  Amanoa  *  javanica^  Miq.'  (Zollinger,  n.  1662,  Java)  and 
Uapaca  Heuddotii^  Baill. 

VI.  The  tubidar  secretory  cells  present  in  the  epidermis  of  the  leaf  in 
Ricinus  communis^  Mull.  Ar^.  may  be  associated  with  (a)  similar  epidermal 
secretory  cells  which  occur  m  Bischoffia  (according  to  my  own  observation, 
Hippomaneae),  although  in  this  case  they  are  provided  with  undulated  lateral 
walls  like  the  remaining  epidermal  cells,  and  (6)  tanniniferous  elements  with 
wide  Iumina  occurring  in  the  lower  epidermis  of  Mareya  brsvis.  Pax  (according 
to  Gaucher,  Acalypheae).  In  this  connexion  we  may  also  note  that  a  few 
enlarged  tanniniferous  cells  occasionally  occur  in  the  palisade  and  spongy  tissues 
(e.g.  in  the  palisade  tissue  of  Andrachne  cordifolia,  Miill.  Arg.),  that  a  layer  of 
tanniniferous  cells  is  situated  beneath  the  typical  palisade  layer  in  Crokmogyne 
Zenkeri,  Pax,  and  a  similar  one  in  the  spongy  tissue  in  Caperonia  cordaia^ 
St.  Hil. 

VII.  Intercellular  secretory  receptacles  like  those  previously  recorded 
have  been  found  in  the  following  additional  cases  :  in  the  primary  cortex  of 
Cluytia  hirsuta,  Miill.  Arg.  (accordmg  to  Pax) ;  in  the  primarv  cortex  of  Cluytia 
akOemoides^  Miill.  Arg.  (cf.,  however,  p.  752)  and  C.  pulchdla^  Miill.  Arg.  (ac- 
cording to  (Gaucher) ;  and  in  a  subepidermal  position  in  the  branches  and  scale- 
leaves  of  Hura  crepitans^  L.  (accordmg  to  Gilles). 

To  the  subsecjuent  paragraphs,  which  deal  with  the  hairy  covering  (p.  752 
et  seq.)  the  followmg  data  regarding  the  clothing  hairs  (see  under  I)  may  first 
be  added.  Little  branched  clothing  hairs  occtu:  in  species  of  PhyUatUhus,  the 
names  of  which  are  not  given.  Peltate  hairs  are  found  also  in  CroUmogyne,  and 
sderenchymatous  columns,  connecting  the  trichomes  on  the  two  sides  of  the 
leaf,  also  in  Julocrotan  monUvidensis^  Klotzsch.' 

II.  Glandular  hairs.  The  extrafloral  nectaries  (see  p.  755)  have  recently 
been  examined  in  detail  in  Excoecaria  (by  Poulsen),  Hevea  (by  Daguillon  and 

'  One  certainly  does  meet  with  H-ahaped  connexions,  which  may  be  explained  as  doe  to 
branching,  bnt  there  are  no  typical  reticolate  anastomoses. 

'  The  plant  examined  by  Areschong  (1905^  and  described  as  Bridelia  tomentosa,  BL  with  a 
query,  bears  tmicellalar  two-armed  trichomes  and  probably  does  not  belong  to  the  genns  Bridelim, 
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Coupin  and  also  by  Parkm)  and  Macaranga  (by  Smith).  They  resemble  the 
glands  of  Ricinus,  Sec.  and  the  glands  occurring  on  the  cjrathium  (see  Gaucher) 
m  having  a  secretory  palisade  epidermis.  In  Excoecaria  biglandulosa,  Miill.  Arg« 
this  epidermis  clothes  a  slit-shaped  canal  in  the  peg*shapal  nectary,  which  lies 
at  the  base  of  the  lamina.  Both  in  Hevea  brasUiensis^  Mull.  Aig.  and  in  H. 
SpntceanOy  MiilL  Arg.  the  nectaries  are  situated  at  the  apex  of  the  petioles  of 
the  foliage-leaves  and  are  accompanied  by  bud-scales,  some  of  which  are 
entirely  transformed  into  nectaries  ;  the  upper  epidermis  of  these  bud-scales 
is  more  or  less  completely  modified  to  form  a  secretory  palisade  tissue,  which 
for  the  most  part  consists  of  a  single  laver  of  cells,  but  at  certain  points  is 
composed  of  two  or  three  la3^rs.  Smith  mentions  the  occurrence  of  multi- 
celli^ar  glandular  structures,  which  are  stated  to  be  of  the  nature  of  food-bodies, 
on  the  stipules  of  the  myrmecophilous  species  Macaranga  triloba, 

III.  The  earher  statements  regarding  the  stinging  hairs  (discussed  under 
Section  III,  pp.  756, 757),  which  are  found  in  the  genera  Cnesmone^  Leptarhachis^ 
and  Tragia  of  the  Aodypheae,  as  well  as  in  Daleckatnpia,  require  a  considerable 
amount  of  correction  as  a  result  of  Knoll's  work.  This  author  in  the  first  place 
examined  the  structure  and  course  of  development  of  the  stinging  hairs,  found 
in  Dalechatnpia  Roediana^  Miill.  Arg.  var.  rosea ;  the  hairs  of  this  plant  corre- 
spond to  those  shown  in  Fig.  180,  Q  on  p.  748,  although  the  latter  have  a  more 
complicated  structure.  The  investijg^tion  has  brought  to  light  the  fact  that  the 
outer  part  of  the  pedestal  in  these  hairs  consists  of  3-5  epidermal  cells,  which  are 
elevated  above  the  surface  to  a  considerable  extent  and  envelop  an  elongated 
central  cell,  which,  as  its  mode  of  development  shows,  does  not  belong  to  the 
epidermis,  but  arises  subepidermaUy  ;  the  pointed  end  of  the  central  ceU,  which 
contains  the  crystal  of  oxalate  of  lime,  projects  far  beyond  the  limits  of  the 
pedestal.  The  '  middle  ceU '  and  '  terminal  cell '  previously  mentioned  are 
thus  but  a  single  cell,  which,  moreover,  belongs  to  the  subepidermal  layer  and 
not  to  the  epidera[iis.  Similarly,  the  unicellular  stinging  hairs,  figured  for 
Tragia  cissoides  in  Fig.  180,  P,  are  subepidermal  cells,  which  have  pushed  their 
way  in  between  the  epidermal  cells  and  thereupon  project  far  beyond  the  level 
of  the  epidermis  like  true  unicellular  (epidermal)  hairs ;  such  cases  necessitate 
a  corresponding  extension  of  the  definition  of  what  is  briefly  styled  a  '  hair.' 

Since  the  lower  end  of  the  crystal,  which  is  suspended  in  tiie  upper  part  of  the 
central  cell,  is  provided  with  a  pair  of  teeth,  we  are  justified  in  regarding  it  as  a 
reduced  cluster^  ciystal  in  which  only  one  of  the  projecting  ends  of  the  individual 
crjrstals  is  strongl3r  developed.  Moreover,  inasmuch  as  the  crystal-cells  (with  clus- 
tered crystals),  which  are  situated  in  the  epidermis  of  the  leaf  of  Dalechampia  Roez- 
/iana,bdong  to  the  subepidermal  layer  (see  above,  p.  1049) — a  fact  which  has  Ukewise 
been  determined  by  Knoll — ^it  is  more  than  probable  that  the  ciystal-cells  (containing 
clustered  crystals)  supposed  to  have  been  demonstrated  in  the  epidermis  of  other 
members  of  the  Acalypheae  (and  perhaps  even  of  other  Euphorbiaceae  in  which 
they  occur)  are  likewise  of  subepidermal  origin ;  this  apphes  especially :  (a)  to 
the  cells  containing  clustered  crystals  found  in  Caperonia  and  Argyrothamnia,  the 
cells  in  question  projecting  somewhat  after  the  manner  of  a  hair  ;  (b)  to  the  cells 
containing  sphaerites  found  in  Acalypha  and  Claoxylon^  which  likewise  project 
beyond  the  suriace ;  and  (c)  to  the  hairs  with  clustered  crystals  occurring  in 
Fragariopsis  and  Plukenetia  (see  Fig.  180,  5).  The  cells  with  clustered  crystals 
found  in  Caperonia  and  Argyrothamnia,  and  the  hairs  with  clustered  crystals  con- 
stitute transitional  forms  (or,  if  one  prefers,  developmental  forms)  to  the  typical 
stinging  hairs  of  Dalechampia,  &c. 

In  accordance  with  the  preceding  statements  I  agree  with  Knoll  also  in 
the  changed  interpretation  of  the  structure  of  the  oystal-hairs  (containing 
clustered  crystals),  which  are  found  in  Fragariopsis  and  Plukenetia.  The 
'  epidermal  cell,  which  is  differentiated  as  a  papilla  or  short  hair,  and  contains  a 
clustered  crystal,  the  spines  of  which  are  all  directed  outwards  '  and  the  '  narrow 
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cell,  which  penetrates  to  a  considerable  depth  in  the  mesophyll '  (ste  the  previoiis 
description,  p.  757),  form  but  a  sin^e  cdl,  which  is  identical  with  the  central 
cell  of  the  stinging  hair.  The  div]si<Hi-waJl9  shown  in  Fig.  i8o»  5,  belongs  to 
the  cellulose-s^tii  envdopiiig  the  clustered  crystal. 

For  the  structure  of  the  stipular  spines  of  Euphorbia  spleniens  and  £.  ladea^ 
see  Mittmann  and  Barber,  11.  cc. ;  for  the  j»rickly  structures  found  on  the  axes 
of  Hura  crepitans  and  caused  by  the  prick  of  an  insect,  see  Didrichsen,  loc.  cit. 

The  petiole  in  this  Order  has  hitherto  been  investigated  only  in  a  very 
inadequate  manner,  especially  in  view  of  the  large  si^e  of  the  Order.  New 
details  regarding  its  structure  will  be  found  in  Gaucher's  work  (see  Ann.  sc.  nat., 
1902).  According  to  this  author,  the  petiole  in  the  species  of  Euphorbia 
belonging  to  the  subgenus  Anisophyllum  contains  a  single  vascular  bundle, 
while  in  the  remaining  species  of  the  genus  there  are  three  or  four  isolated 
bundles. 

3.  Structure  of  the  Axis.  To  the  list  of  Acalypheae,  which  possess 
intraxylary  phloem  (see  p.  757),  we  may,  on  Gaucher's  authority,  add  Lopido- 
turus  {L.  alnifolius,  BalU.  and  L.  laxiflorus^  Benth.)  and  MaUatus  subulaius.  Mull. 
Arg.i 

Cortical  vascular  bundles  are  recorded  by  Kniep  in  Euphorbia  Cyparissias 
and  E.  orienUdis. 

The  following  details  may  be  added  to  the  earlier  account  of  the  develo{>- 
ment  of  the  cork.  In  Euphorbia  atUiquorum  and  E,  piscatoria  the  cork- 
cambium  arises  in  the  inner  layer  of  the  two-layered  epidennis ;  in  PhyUatitiius 
Wdwitschianus^  Miill.  Arg.  it  develops  in  the  second  or  third  layer,  in  Mischodon 
zeylanicus,  Thw.  in  the  third  or  fourth  layer,  and  in  Baccaurea  racemosa,  Miill. 
Arg.  on  the  inner  side  of  the  sderenchymatous  fibres  of  the  pericyde.  In  some 
cases  the  place  of  origin  of  the  cork  varies  within  certain  liimts  in  different 
parts  of  the  branch  of  one  and  the  same  species  (for  details,  see  Gaucher). 
According  to  Gaucher,  the  cork  in  Croion  gratissimus,  Burch.  contains  crystals 
of  oxalate  of  lime,  whUe  in  Ditaxis  fasciculata^  Juss.  it  includes  fibrous  cells  with 
thick  walls.  Records  of  the  occurrence  of  crystals  of  oxalate  of  lime  in  tihe 
cork  will  be  found  also  in  the  pharmacognostic  works  of  A.  Meyer  and  others, 
the  data  referring  to  Cortex  Cascarillae,  which  is  derived  from  Croion  Elu- 
teria,  Benn. ;  the  descriptions,  however,  are  inexact.  According  to  my  own 
investigation  the  cork-cdls  of  the  Cascanlla-bark,  even  in  the  young  branches, 
have  strongly  thickened  outer  tangential  walls^  while  the  inner  tangential  walls 
and  the  radial  walls  are  relatively  thin ;  the  inner  tangential  walls  and  the 
adjoining  parts  of  the  radial  walls  are  encrusted  with  small  rhombohedral  or 
variously  shaped  crystals  of  oxalate  of  lime,  and  after  the  solution  of  the  latter 
by  means  of  hydrochloric  add,  those  parts  of  the  wall,  which  were  previously 
encrusted,  show  a  network  in  rcdief  corresponding  to  the  insertion  of  the  crystals. 
I  have  found  an  exactly  similar  type  of  incrustation,  which  affects  the  same  parts 
of  the  cell- wall,  in  the  cork-cells  (which  here  have  relativdy  thin  walls  and  wide 
lumina)  of  the  Copalche-bark,  which  is  obtained  from  Croton  niveus,  Jacq.  The 
distribution  of  this  highly  peculiar  type  of  cork  within  the  genus  Croton  is  worthy 
of  a  more  detailed  investigation  ;  it  makes  its  presence  noticeable  even  in  the 
external  aspect  of  the  plant  owing  to  the  white  colour  of  the  cork.  A  feature 
not  hitherto  recorded  is  the  occurrence  of  fibrous  cells  in  the  primary  cortex  and 
pith.  According  to  Gaucher  they  are  found  in  the  primary  cortex  in  Hyaenandte 
(Toxicodendron)  globosa^  Lamb,  et  Vahl  (scattered  elements  with  thick  walls). 


*  The  species  of  Euphorhia^  included  by  Gaucher  (in  Ann.  sc  nat.,  1903,  loc.  cit.,  p.  196)  in  the 
'  Type  Euphorbia^  and  '  Type  Tragia  Okanyua^  Pax/  are  stated  by  him  to  have  weakly  developed 
strands  of  internal  soft  bast ;  in  all  these  cases,  however,  we  are  probably  concerned  with  nnlignined 
elements  belonging  to  the  innermost  parts  of  the  xylem. 
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Conceveiba  guianensis,  Aubl.  (slightly  thickened  and  arranged  in  groups), 
AngosiyUs  langifi^ia^  Benth.  (slightiy  thickened  and  forming  a  peripheral  zone), 
and  Euphorbia  xylofhylloides,  which  has  the  habit  of  a  Cactus  (isolated  elements, 
here  also  in  the  pith) ;  according  to  Costantin  and  Gallaud  (see  also  Fron), 
fibrous  cells  occur  also  in  a  ^oup  of  succulent  species  of  Euphorbia  found  in 
Madagascar  (elements  with  thick  stratified  walls;  confined  to  the  primary  cortex 
in  E.  ueayi.  Cost,  et  Gall.,  E.  InHsy,  Drake,  E.  Lara,  Drake,  £.  rhipsahides,  Lem. 
and  E.  Tirucalli^  L. ;  present  both  in  the  pith  and  primary  cortex  in  E.  alcicornis, 
Bak.,  E.  AUuaudif  Drake,  E.  arsoides^  Cost,  et  Gall.,  E.  Decorsei,  Drake,  E. 
crtterophora,  Drake,  E,  leucadendron,  Drake,  E.  oncoclada,  Drake,  and  E.  sUno- 
clada^  Bail!.).  In  the  leafless  species  (e.g.  PedilatUhus  aphyllus,  Boiss.»  Calyco- 
peplus  ephedroideSf  Planch,  and  species  of  Euphorbia)  the  primary  cortex  con- 
tains palisade  tissue.  In  species  frequenting  a  marshy  habitat  (e.g.  Euphorbia 
palus^ris)  large  lacunae  are  found  both  in  the  primary  cortex  and  in  the  pith. 
In  the  Cactus-like  Euphorbias  the  primary  cortex  is  particularly  strongly  deve- 
loped, the  cortical  tissue  in  these  forms  imdergoing  continual  increase  by  means 
of  a  peripheral  meristematic  zone.  The  pericycle  is  developed  in  the  form  of 
a  composite  and  continuous  ring  of  sderenchyma,  including  stone-cells  with 
U-shaped  thickening,  also  in  Savia  erythroxyloides,  Griseb. 

DAPHNIPHYLLACEAE  (p.  760). 

The  lower  epidermis  of  the  leaf  includes  groups  of  small  cells  containing  clustered 
crystals  of  oxalate  of  Ume  also  in  DaphniphyUum  bancanum,  Kurz  and  D.  laurinum, 
Baill. 

BUXACEAE  (pp.  761-763). 

To  the  second  paragraph,  summarizing  the  features  which  are  uniform  through- 
out the  group,  we  may  add  the  following  details.  The  cork  develop®  in  the  pericycle 
in  later  stages  also  in  Buxus,  the  superficial  formation  of  the  cork  in  this  case  being 
merely  a  local  phenomenon.  Secretory  cells  are  found  also  in  Buxus  (Eubuxus). 
The  anomalous  structure  of  the  vascular  system,  previously  described  in  Simmondsia 
(which  Van  Tieghem  r^ards  as  beiuR  related  tq  the  Tetrasonieae),  occurs  not  onhr 
in  the  stem,  but  abo  in  the  root.  Cortical  vascular  bundles  are  found  in  the  old- 
world  species  of  Buxus  ^Eubuxus,  Baill.)  and  in  Notobuxus  naialensis,  Oliv.,  but 
not  in  tne  American  speaes  of  the  genus  {Tricera^  Sw.,  as  a  genus). 

The  structiure  of  me  leaf  is  bimcial  also  in  Siyloceras,  It  is  a  remarkable  fact 
that  the  lower  half  of  the  mesophyll  of  the  more  or  less  distinctly  bifacial  leaVeshas 
a  dense  structure  in  all  cases,  except  in  the  species  of  Buxus  belon^g  to  the  section 
Eubuxus,  Typical  spongy  tissue  with  large  lacunae,  which  directly  adjoin  the 
assimilating  tissue  (this  latter  being  either  of  the  nature  of  palisade  or  consisting 
of  rounded  cells)  and  are  the  cause  of  a  splitting  of  the  leaf  into  two  halves,  is  found 
in  the  species  of  Eubuxus  (e.g.  in  Buxus  sempervirens,  L.);  the  two  halves  of  the 
leaf  are  in  connexion  with  one  another  only  at  the  margin  of  the  lamina ;  the 
process  of  splitting  takes  place  in  the  living  leaf  at  a  time  when  it  has  not  yet 
attained  its  full  size,  and  is  not  merely  a  result  of  the  drying  of  the  leaf.  The  earlier 
statement  to  the  effect  that  oxalate  of  lime  is  wanting  in  the  leaf  of  Buxus  sem- 
pervirens  is  incorrect ;  clustered  crystals  occur  in  the  mesophyll  and  ordinary 
solitary  crystals  accompany  the  vascular  bundles  of  the  veins,  ana  in  addition  to  that 
one  finds  a  peculiar  kind  of  crystal-sand,  composed  of  relatively  large  prismatic 
crystals,  which  occasionally  have  a  corroded  appearance.  The  cells  containing 
tms  crystal-sand  give  rise  to  the  small  white  dots,  which  are  visible  even  to  the 
naked  eye  along  &e  median  vein  on  the  lower  side  of  the  leaf.  Secretory  cells 
are  jHresent  also  in  the  mesophyll  of  Buxus  sempervirens,  and  Van  Tiejg;hem  has 
likewise  olraerved  thpm  in  the  mesophyll  and  primary  cortex  of  B,  balearica,  Willd. 
and  in  the  primary  cortex  of  Simmondsia,  The  secretory  cells  of  Buxus  semper- 
virens  show  up  prominently  in  the  palisade  tissue  owing  to  their  large  size  and  in 
the  spongy  tissue  owing  to  a  reduction  in  the  development  of  the  arms ;  their 
bright  contents,  which  are  strongly  refractive  (in  the  living  leaf),  are  insoluble  in 
water  and  alcohol  and  assume  a  deep  brown  colour  on  treatment  with  a  solution 
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of  Iodine.  Clothing  hairs  are  found  also  in  Buxus  ;  in  B.  sempeww^ns  ^ey  are 
uniseriate  and  compowd  of  two  or  more  cells  with  thick  walls,  while  in  B.  acumtnata^ 
Mull.  Arg.  and  B.  MildebrandHu  Baill.,  for  instance,  they  are  unicellular.  Boergesen 
and  Paulsen's  statement  as  to  the  occurrence  of  deeply  sunk  external  glands  on 
the  leaf  of  B.  Vahlii,  BaiU.  ('  Tricera  laevigata^  Sw.')  requires  closer  investigation. 
In  Pachysandra,  Sarcococca  and  Styloceras,  the  American  species  of  Buxus 
(Tricera),  Notohuxus  natalensis,  Oliv.  and  the  African  species  of  Buxus  (B.  Hilde- 
brandiii,  BailL,  B.  Mac-Owani,  Ohv.»  B.  madagascanca,  Baill.,  B.  pediceikUus, 
Van.  Tiegh.)  the  petiole  contains  three  vascular  bundles,  viz.  a  large  median 
bundle  and  two  smaller  lateral  ones ;  in  Notobuxus  and  in  the  American  and  AMcan 
species  of  Buxus  these  lateral  bundles  form  the  mannnal  vein  of  the  leaf.  On  the 
other  hand,  in  the  European  and  Asiatic  species  of  Buxus  belonging  to  the  section 
Euhuxus  (which  in  accordance  with  Van  Tieghem's  investigations  is  better  restricted 
to  include  only  the  species  just  mentioned,  the  above-named  African  species  of 
Euhuxus  being  best  classed  with  Notobuxus)  the  petiole  contains  only  a  single 
vascular  bundle,  which  is  accompanied  on  either  side  by  a  strand  of  fibres,  llie 
petiole  of  Simmondsia  contains  an  arc-shaped  vascular  bundle,  which  soon  becomes 
closed  to  form  a  hng. 

The  distribution  and  general  course  of  the  cortical  vascular  bundles  of 
Buxus  has  been  determined  by  Van  Tieghem's  recent  investigations.  Cortical 
bundles  are  found  in  all  the  European,  Asiatic  and  African  species  of  Buxus,  as  wdl  as 
in  Notobuxus  natalensis,  but  do  not  occur  in  the  American  species  of  Buxus  ( Tricera) ; 
as  in  the  case  of  B.  setnpervirens  the  bundles  are  four  in  number  and  show  normal 
orientation  of  their  wood-  and  bast-groups.  In  the  European  and  Asiatic  species 
of  Buxus  the  bundles  are  supported  by  a  strand  of  bast-fibres  situated  on  their 
outer  side  (i.e.  adjoining  the  bast);  whereas  groups  of  mechanical  fibres  have  been 
observed  on  the  inner  side  of  the  bundles  (Le.  next  to  the  wood)  only  in  occasional 
species  (e.g.  in  B.  balearica,  Willd.  and  B.  japonica,  MulL  Arg.).  In  Notobuxus 
natalensis  and  the  African  species  of  Buxus,  on  the  other  hand,  me  xylem  is  invari- 
ably surrounded  by  a  group  of  mechanical  fibres,  but  there  are  no  fibres  adjoining 
the  bast.  The  cortical  strands  branch  ofi  from  the  two  bundles,  which  pass  out  from 
the  vascular  ring  at  the  node  to  supply  the  two  opposite  leaves ;  these  branches  run  in 
the  following  intemode,  and  ultimately  end  blinoly.  In  the  European  and  Asiatic 
species  of  Buxus  the  groups  of  fibres  situated  on  the  outer  side  of  the  cortical 
vascular  bundles  are  continued  into  the  petiole,  where  they  appear  at  the  sides  of 
the  single  vascular  bundle  (see  above).  On  the  other  hand,  in  Notobuxus  and  the 
African  species  of  Buxus  this  is  not  the  case ;  the  three  vascular  bundles  present 
in  the  petiole  of  these  species  are  formed  by  the  branching  of  the  single  bundle, 
which  bends  out  into  the  leaf  from  the  vascular  ring  of  the  axis  ;  the  three  vascular 
bundles  in  the  petiole  of  the  species  of  Buxus,  belonging  to  the  section  Tricera, 
arise  in  the  same  way. 

The  primary  cortex  contains  cells  showing  U*shaped  thickenin|[  also  in  Buxus 
acuminata,  while  slightly  sclerosed  cells  occur  quite  generally  in  this  tissue  in  the 
African  species  of  Buxus  and  in  Notobuxus.  Sucn  sclerosed  cells  are  found  in  certain 
African  species  of  Buxus  also  in  the  pith,  bast  and  pericycle.  The  pericycle  includes 
isolated  groups  of  bast-fibres  in  Styloceras,  and  a  few  bast-fibres  in  Buxus  longifolia, 
MuU.  Arg. ;  m  Buxus  the  pericycle  is  generally  parench3rmatous.  Oxalate  of  lime 
occurs  in  the  cortex  of  Buxus  also  in  the  form  of  clustered  crystals. 

Literature:  Kanteo,  Zellenkrystalle  im  Milchsaft  Ton  fatropha  Cureas,  extracted  from 
Pograndorf  Ann.,  1859,  ^  KarBten,  Ges.  Abh.,  i,  1865,  p.  30 j  et  seq.—Uhlwonn,  Eatwicklnngs- 
gesch.  d.  Haare,  Bot.  Zeit,  1873,  P*  805.— Hdhnel,  Gerberinden,  Berlin,  1880,  p.  118  et  teq.— 
Costantin,  Tiges  a^r.  et  sont.,  Ann.  sc.  nat,  8^r.  6,  t.  zvi,  1883,  p.  107  et  seq. — Leitgeb^  in  Mitteil. 
bot.  Inst.  Graz,  a.  Heft,  1888  (not  1881,  ai  was  previously  stated  on  p.  76a),  p.  314  et  seq. — 
Mittmann,  Anat.  d.  Pflanzenstacheln,  Veib.  bot.  Ver.  Mark  Brandenburg,  1889,  P*  5^- — Hansen, 
Calciumphosphatansschetd.,  Flora,  1889,  p.  408  et  seq. — ^Aufrecht,  Extraflor.  mktarien,  Diss., 
Zilrich,  1891,  p.  6  et  seq.  {Ricinus). — Barber,  Corky  excresa,  Ann.  of  Bot.,  189a,  pp.  160  and  166. — 
Fructus,  Mercurialcs,  Th^,  Montpellier,  1894,  pp.  a9-43.>-Brandt,  Wenig  bek.  Rinden,  Diss., 
Dorpat,  1894,  p.  48  et  seq. — Groom,  Extraflorel  nectaries  of  AUurites^  Ann.  of  Bot.,  1894,  pp.  aa8- 
30. — [Tognini,  Stomi,  Atti  1st  bot  Pavia,  1894.] — Didrichsen,  Tomene  hos  Hura  crepitans^  Bot 
Tidsskrift,  xix,  1894-5,  pp.  189-aoo. — Cocconi,  Nettarii  estranuz.  delle  ^iWami,  Memorie  Accad. 
Bologna,  ser.  5,  toI.  v,  1895,  pp.  423-31,  i  Tab. — ^Chauveaud,  Caract.  anat  des  Euphorbia  Pepius, 
etc.,  Joum.  de  Bot,  1897,  p.  354. — Gaucher,  Une  espto  du  genre  Euphorbe,  Joum.  de  Bot.,  1897, 
pp.  ai4-i8.->[£gebtein,  Heveabrasiliensis,  Moscow,  1897,  Russian. J^Poulsen,  Nektarier,Vidensk. 
Meddelels.  naturh.  Foren.  Kj0benhavn,  1897,  pp.  356-60  and  Tab.  i,  ti.— Van  Tieghem,  Elangation 
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dct  noeudsi  Ann.  ic  nat,  a^r.  8,  t. 

Biermann,  Clzellen,  Dm.,  Bern,  18 

MontpelUer,  1898,  ia8  pp.— rSayie» : 

iiy  p.  49.] — Van  Ticghem,  Simmottdsia,  Jonnu  de  B0L71898,  pp.  103-13. — ^^oeigesen  og  Panlsenj 


Gr^lot,  Caootchoiics  et  GiitU-Percha,  Thete,  Paris^  1899,  p.  125  et  seq. — Hallier,  Kaatschoklianen, 
Jahrb.  Hambcug.  natarwiss.  Anst,  xvii,  1899,  pp^  i9<>-8. — ^Leisering,  Interxylares  Leptom,Di8i.,  Berlin, 
1899,  p.  45. — Fran,  Euphoria  Intisy^  Jottm.  de  Bot^  1900,  pp.  i57-63.--Ganiper,  Angosturarinden, 
Diss.,  Ziirichy  1900,  pp.  61,  6a. — Gaucher,  R61e  des  ktidteres,  Ann.  sc.  nat.,  w^r.  8,  t.  xii,  1900, 
pp.a4i-6o.^Keam7v  inContribut.  U.S.Nat.  Herb.,T,n.  5,  iQOO,p.  2^{Crotonmaritimus). — ^Tnnmann, 
Sekretdrusen,  Din.,  Bern,  1900,  pp.  37-0.— [Hartwich,  Rhabarber  am  Goatemala  (^Jatrothapodagrica^ 
Hook.),  Schweizer.  Wochenscnr.  f.  Chemie  n.  Pharm.,  190I1  p.  579;  abstr.  in  Just,  1901,  ii, 
P*  45.J— Molisch,  Milchsaft  u.  Schleimiaft,  Jena,  1901,  pp.  4,  la,  17,  31,  34,  47,  49  and  54.— 
Peteraen,  Vedanatomi,  1901,  pp.  46, 47  {fitucus\ — ^Pitard,  PMcycle,  Thise,  Bordeaux,  1901,  p.  7  a. — 
Axescfaoug,  Blattanat.  d.  Mangrovepfl.,  Bibl.  bot.  Heft  56,  1903,  pp.  64-6  and  Tab.  vii  {Excoecaria 
Agallocha), — Clauditz,  Blattanat.  canar.  Gew.,  Diss.,  Basel,  1903,  pp.  14-16  {Euphorbiay, — Gaucher, 
Rech.  anat.  aur  lea  Euphorbiac^  Ann.  ac.  nat.,  s^r.  8,  L  xv,  1903,  pp.  161-309. — Knothe, 
Unbenetzbare  Blatter,  Diaa.,  Heidelberg,  190a,  pp.  11-13. — ^Penzig,  Piante  acarofile,  Malpighia,  1903, 
V\  439  [fiottUra), — [Armari,  Piante  ddla  reg.  medit,  Annali  di  Sot.,  i.  1903,  p.  17  et  aeq.] — [Bray, 
Planta  of  the  Sotol  x^on,  Bull.  Torrey  Bot  Club,  xxx,  1903,  p.  6ai  et  aeq.J— Dagnillon  et  Coupin, 
Nectaixea  extrafloraux  des  Heveay  Comptea  rendua  Acad.  Paria,  cxxxvii,  1903,  pp.  767-9. — [Gillea, 
£t  morph.  et  anat  du  Sablier  {Hura  crepiiam\  Ann.  Inst  col.  Marseille,  1903,  pp.  43-130.] — 
Knan^  Geogr.  Verbreit  d.  Gatt.  Cluytiot  Diaa.,  BreaUu,  1903,  54  pp. — [Smith,  Macaranga  triloba^ 
a  new  myrmecophiloua  plant,  New  Phytologiat,  ii,  1903,  p.  79,  pL  t,  vi ;  abatr.  in  Bot  CentralbL, 
xdii,  p.  183.] — ^Achner,  Falache  Chinarindoi,  Diaa.,  Bern,  1904,  ix  58  et  aeq. — Chrysler,  Strsnd- 
plants,  Bot  Gazette,  xxzvii,  1904,  p.  461  et  aeq.  (EupAcrdia),— Col,  Faiaceaux,  Ann.  ac  nat.,  a^.  8, 
t  XX,  1904,  pp.  163-7  {Crvton). — Koordexs,  Cktmdrosiylisy  Ann.  Jardin  Buitenzoig,  xix,  1904, 
pp.  48,  49. — DaguiUon  et  Coupin,  Glandea  p^t  ^Hevea  brasilUnsuy  Revue  g^.  de  Bot,  xvi,  1904, 
pp.  80-90.— Dubard  et  Vignier,  Euphorbia  InHsy,  Comptea  rendus,  Paris,  cxxxix,  1904,  pp.  307-9. — 
Gilles,  Hura  crepitans^  Th^,  Mootpellier,  1904,  90  pp. — Paoli,  Eterafillia,  Nuovo  Uioin.  Bot. 
Ital.,  xi,  1904,  pp.  307-10  and  Tab.  L — ^Parkin,  Extrafloral  nectaries  of  Hevea  brasilienHs^  Ann.  of 
Bot.,  1904,  pp.  317-36. — [SmoUk,  Vielkemige  Zellen  bd  einigen  Euphorb.,  Bull,  intemat  Acad. 
Sc.  Boh^me,  I904.>— Solereder,  Frostflecken  des  Buchsblattea,  Cfentmlbl.  fiir  Bakteriologie, 
Parsattenkunde  u.  Infiektionakrankh.,  ii.  Abt.,  xii,  1904,  pp.  357,  358. — Stiaaenguth,  Behaarungsverh. 
d.  Wilrzb.  Muscfaelkalkpfl.,  Diss.,  Wurzbnrg,  1004,  p.  50. — ^Areachoug,  Trap,  vaxt  bladbyggn.,  Sv. 
Vet.  Akad.  Handl.,  39,  n.  a,  1905,  pp.  33-5  and  Tab.  xvii,  xyiii  {Trdotra,  AUuriies),  pp.  37-9  and 
Tab.  xx¥  (jBrideHa^  Agytuia\  p.  34  (JBaccaund),  pp.  47-g  and  Tab.  xxv  {paUchampia,  Acalypha), 
p.  53  {Sapium),  pp.  77-9  (AUMcntea),  pp.  80-a  {Atisckodan\  laV-  9^*  93  {Jftiropha),  pp.  95-7 
(7V«ttrM),pp.  97-101  (fyclostemcn,  AlcAcrkea),  pp.  146, 147  and  Tab.  xi,  xii  (^Crotcn),  pp.  147,  148 
and  Tab.  xxii  {Daphmpkyllum),  vjp,  151,  153  (CM&imm).— Boia  et  Gallaud,  Modifl  anat,  Comptea 
lendus  Paris,  11  D^  1905  {Eupkcrbia). — Costtntin  et  Gallaud,  Nouvean  groupe  du  genre 
Euphorbia,  etc.,  Ann.  sc.  nat,  «&r.  9, J.  ii,  1905,  pp.  287-313. — Dubard  et  Viguier,  Syst.  radic.  de 


VSuphorbia  Intisy,  Revue  gdn.  de  Bot.,  1905,  pp.  360-71. — Kniep,  Bedeutimg  des  Milchsaftes, 
Flora,  1905,  pp.  163-6.— Knoll,  Brennhaare  der  £nphorb.-Gatt  Daluhampia  u.  Tragia,  Sitz.-Ber. 
Wiener  Akad.,  cxiv,  Abt.  i,  1905,  pp.  39-48  and  Tab.  i,  ii.— Mayus,  Milchr.,  Beih.  z.  bot. 
Ccntialbi.,  xviii,  Abt.  i,  1905,  pp.  378,  379.— Montemartini,  Biologia  del  Buxus  sempervirtns,  Atti 
1st  bot  Pavia,  ser.  3,  vol.  x,  1005,  0  pp.  and  Tab.  xxviii  (deals  wim  the  same  features  as  Solereder, 
1904). — ^Van  Tiegfaem,  M^rist^les  oort.,  Ann.  sc  nat,  a^r.  9,  t.  i,  1005,  p.  37. — Piocioli,  I^gnami, 
Bull.  Siena,  ipo6,  pp.  139  and  155.- Boorama,  Aloeholz,  etc.,  BuU.  Depart,  .^giricult.  anx  Indea 
nfoland.,  n.  vii,  1907,  p.  10  et  aeo.  (£jr^Ar^ary0).— Holtermann,  Einfluaa  Jea  Klimaa,  1907,  p.  no. 
— Solereder,  Inkrnatation  der  Korkzellenwiinde  mit  Kalkoxalatkryatallen  bei  Cortex  Cascari/Iaef 
Archiv  d.  Phann.,  ocxlv,  1907,  pp.  409-10. — [For  fnrUier  literature,  aee  p.  1170.] 

BALANOPSEAE  (pp.  763,  764). 

A  composite  and  continuous  ring  of  sclerenchyma  is  found  in  the  pericycle 
also  in  Balanops  oliviformis,  and  has  been  observed  in  an  undetermined  species 
even  in  branches  of  55  nmi.  thickness  ^ 


^  The  plant  described  by  Clauditz  (loc  dt,  pp.  40,  41)  as  Mercurialis  ambigua  (which  has 
nphides,  brown  aecietory  cells,  and  stomata  with  parallel  subsidiary  cells)  is  incorrectly  determined 
and  does  not  belong  to  the  Euphorbiaoeae.  Judgfaig  by  the  anatomical  characters  it  may  poasibly 
be  a  member  of  the  Rubiaceae. 

'  Pitard,  PMcyde,  Thte,  Bordeaux,  1901,  p.  77. 
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URTICACEAE  (pp.  764-779). 

To  the  brief  R£Vi£W  of  the  Anatomical  Features  of  the  Urticaceae  taken 
as  a  whole  (p.  764),  we  may  add  that  laticiferous  cells  have  been  recorded  also 
in  tiie  second  genus  (Cannabis)  of  the  Cannabineae»  that  elements  resembling 
latidferoos  tubes  occur  also  in  the  genus  Urera  (Urticeae)  and  that  raphides  and 
styloids  have  recently  been  observed  in  the  genus  Lapartea  (Urticeae). 

I.  ULMACEAE  (pp.  764-768). 

A  composite  and  continuous  ring  of  sclerench3ana  is  developed  in  the 
pericycle  also  in  Sponia  rugosa  (^Trema  rugosa)  (Pitard). 

2.  CANNABINEAE  (pp.  769,  770). 

Laticiferous  cells  are  stated  to  occur  also  in  Cannabis.  Tschirch  at  least 
regards  the  secretory  elements,  which  are  present  in  the  secondary  cortex  as 
well  as  in  the  soft  bast  of  the  veins  of  the  leaf»  as  laticiferous  cells  ;  they  are 
tubular  elements  with  rather  wide  lumina,  which  in  the  drug  are  occupied  by 
brownish  contents.  According  to  Molisch,  the  latex  of  the  hop  is  rich  in  tannin  ; 
it  also  contains  colourless  spherical  or  biconvex  grains,  which  recall  the  protein- 
grains  found  in  Cecropia  and  Brosimum. 

3.  MORACEAE  (pp.  770-77 S)^ 

We  may  add  the  following  details  to  the  Review  of  the  ANATOiacAL 
Features.  Laticiferous  cells  occur  in  the  leaves  in  all  the  Artocarpeae,  being 
found  especially  in  the  veins  and  sometimes  even  in  the  mesophyll  itsdf,  whilst 
in  the  Conocephaleae  the  laticiferous  cells  are  almost  confined  to  the 
axis  and  only  rarely  penetrate  into  the  lamina  of  the  leaf.  The  glandular 
hairs  found  in  the  Artocarpeae  and  Cx>nocephaleae  vary  in  structure  (see  below). 
With  the  glandular  hairs  we  may  associate  large  wax-glands,  which  are  provided 
with  a  palisade-epithelium,  and  occur  in  many  species  of  Ficus ;  the  mucilage- 
canals  of  the  Cx>nocephaleae  are  accompanied  by  rows  of  mucilage-cells,  which 
are  found  in  the  veins  of  the  leaf.  Tanninif erous  idioblasts  have  been  observed 
also  in  genera  other  than  those  previously  mentioned  in  this  relation.  Oxalate 
of  lime  occasionally  occurs  also  in  the  form  of  small  crystals  of  varied  shape. 
To  the  previous  enumeration  of  the  special  features  presented  by  the  structure 
of  the  leaf  (e.g.  occurrence  of  hypoderm  and  clustered  crystals  in  the  epidermis, 
which  have  now  likewise  been  shown  to  have  a  wider  distribution)  we  may  add  : 
the  occurrence  of  division-walls  in  the  epidermis ;  papillose  differentiation  of 
the  epidermis ;  gelatinization  of  the  inner  walls  of  epidermal  cells ;  stomatal 
groups  and  stomata  situated  in  pits  [Ficus) ;  hydathodes  provided  with  an 
epithema;  arm-palisade  tissue  {Parartocarpus);  spicular  fibres  (Balanosireblus, 
Ficus^  SaJkigunia) ;  occurrence  of  solitary  crystals  in  the  epidermis. 

A  detailed  investigation  of  the  Structure  op  the  Leap  (see  p.  770)  had 
not  till  recently  been  carried  out,  but  has  since  been  undertaken  by  Renner  ^  in 


'  Reoner's  investigations  deal  with  the  following  genera:  i.  Artocarpeae:  Ficus,  Sparattosyce^ 
DammaropsiSy  Brosimum,  Zanessama,  Bosfueia,  Scyphosyce,  Antiaris,  Olmedia,  PseuMmedia, 
Casiilloa,  ffeOcostylis,  P^rebea,  Htlianthostylis^  Cudrania,  P&ulsenia^  Treculia,  Parartocarpus 
(incl.  Gymnartocarpus)^  Artocarpus  (incl.  Brained),  BroHmopHs,  SahagHnia,  BalanostrdUus, 
Sorocca;  a.  Conocephaleae:  Cecropia,  Myrianthus,  Musanga,  Cotissapoa,  ConocephcUus  (incl. 
Balansaephyiuni)^  Potirouma, 
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the  tribes  Artocarpeae  and  Conocephaleae.  The  following  pages  are;  in.  the 
main,  a  summary  of  the  results  of  his  work.  The  upper  epblermis  in  many 
cases  consists  of  a  single  layer  of  cells»  but  it  is  frequently  2-  or  3-layered  at 
certain  points  or  almost  throughout.  Only  a  small  number  of  epidermal  cells 
divided  by  tangential  walls  are  found  in  AnHaris  saccidora,  Dalz.,  A.  toxicaria, 
Lesch.,  CasUUoa  dastica^  Cerv.»  and  Myrianthus  arbareus^  P.B. ;  the  upper 
epidermis  is  two-layered  in  Cecropia  oUusifaUOj  Bertol.»  C.  scabra^  M^ut.,  and 
in  numerous  species  of  Ficus,  while  it  is  2-3-layered  in  Dammaropsis  Kingiana^ 
Warb.  The  same  feature  has  been  observed  m  the  lower  epidermis,  although 
it  is  of  rare  occurrence  (Conocephalus  tonkinensis,  Renn.,  Fious  langifdia^  Schott 
and  F.  gibbosoj  BL).  Regarding  the  distribution  of  the  hypoderm  we  may  men- 
tion the  following  details  on  Renner's  authority  :  it  occurs  on  the  upper  side  of 
the  leaf  in  Cecropia  and  Sahagtmia  (here  one-layered),  Artocarpiis,  Balano- 
strMus  and  Pourouma  (one-  or  two-layered),  Caussapoa  and  ilf  fi5afi^a(2-layered), 
Conocephalus  (2-3-lavered)  and  Ficus  (1-4-layered) ;  in  Ficus  it  is  present  also 
on  the  lower  side  of  the  lea^  where  it  consists  of  two  or  three  layers.  The 
species  in  which  hypoderm  has  been  recorded  are  enumerated  below  ^  (ex- 
cepting the  numerous  species  of  Ficus ;  see  also  Holtermann,  loc.  cit.).  The 
hsrpoderm  is  almost  invariably  parenchymatous,  but  apart  from  that,  its  ceUs 
vary  in  size,  in  the  nature  of  their  lateral  walls,  and  in  the  general  structure  of 
the  walls.  A  fibrous  hypoderm,  which  consists  of  four  layers  and  probably 
belongs  to  the  ground  tissue,  is  found  beneath  the  upper  epidermis  in  Artocarpus 
lanceaefoliuSf  Roxb.,  this  feature  ^oing  hand  in  hand  with  the  vertical  trans- 
cunence  of  the  weaker  lateral  veins  by  means  of  sclerenchyma ;  transitions 
to  this  type  of  structure  occur  also  in  other  species  of  Artocarbus.  The  develop- 
ment of  the  h]^poderm  from  the  dermatogen  has  hitherto  been  demonstrated 
only  in  certain  species  of  Ficus.  Other  noteworthy  features  in  the  structure 
of  the  epidermis  are  as  follows :  the  septation  of  epidermal  cells  by  thin 
vertical  walls  (species  of  Artocarpus^  Brosimopsis  and  Poulsenia) ;  cuticular 
elevations  in  the  form  of  deUcate  paiallel  striae  (species  of  Ficus  and  Pararto- 
carpus),  or  of  coarse  crests,  showing  an  irregular  arrangement  (Ficus  crocaia,- 
Mart,  and  aUied  species),  these  two  characters  occurring  especially  on  the 
lower  side  of  the  leaf ;  and  the  presence  of  one  or  two  peculiar  thickenings 
shaped  like  a  biconvex  lens  on  the  outer  walls  in  Ficus  parainsiSf  Miq.,  these 
walls  perhaps  serving  for  the  perception  of  light.  Papillae  are  not  very  com- 
monly formed  on  the  lower  side  of  the  leaf.  Variously  differentiated  papillae 
are  found  in  all  the  species  of  Brosimum  examined  by  Renner,  and  also  m  ricus 
foveokUa,  Wall.,  F.  pumila,  L.,  Helicostylis  Poeppigiana,  Tr6c.,  and  Myrianihus 
arhoreus,  P.B.  Gelatinization  of  the  integumental  tissue  has  not  been  demon- 
strated in  any  species  of  Ficus,  but  cells  with  mucilaginous  inner  membranes 
occur  in  the  upper  epidermis  in  species  of  Aniiaris,  Artocarpus  (in  A .  Vrieseanus, 
Miq.  in  the  lower  epidermis  as  weU),  Bosqueia,  Brosimopsis  (here  the  outer  w^ll 
is  also  mucilaginous),  Brosimum,  Cecropia,  Helicostylis,  Olmedia,  Perebea, 
PseucMmedia,  and  in  the  hypoderm  on  the  upper  side  of  the  leaf  in  species  of 
Balanostreblus,  Cecropia,  Conocephalus,  Coussapoa  and  Musanga,  In  Artocarpi4S 
dasyphyllus,  Miq.  and  other  species  of  Artocarpus  belonging  to  the  section  Pseu- 
dojaca  certain  of  the  upper  epidermal  cells  have  strongly  thickened  inner  walls, 
which  only  swell  up  to  a  slight  extent  in  water  and  assume  a  yellow  colour  on. 


'  Artocarpus  Blumeiy  Ti^c,  A,  Kemando^  Miq.,  A*  Maingayi^  King,  A,  Tofnaran,  Becc.; 
BaUmasfredUis  iiicifoUa,  Knrz  ;  Cecropia  adenopuSf  Mart,  C,  HwnholdUana^  Klotzsch,  C  kUiloba, 
Miq.,  C.  UucocomOy  Miq.,  C.  mexicana,  Hemsl.,  C,  peltata^  L.,  C.  sciadophylla,  Mart. ;  Conocephalus 
loMcooUUus,  Tt^c.,  C.  tuaveoUnSy  BL,  C.  ionktmnsisy  Renn. ;  Coussapoa  intermedia.  Mart,  C.  nitida, 
Mia.,  C.  Schottii,  Miq.,  C  sudincana^  Mart.,  C  viilosa,  Poepp.  et  Eadl.;  iiusanga  Smithiit 
R.  Br.;  Pourouma  acuminata ^  Mart,  P,  bicolor.  Mart.,  P,  cecropiaejolia.  Mart,  V.  cinerascens, 
Miq.,  P./uiiginea,  Miq.,  P.  tomentosa,  Mart.,  P,  wlutina.  Mart. ;  Sahagtmia  Peckoltii,  K.  Sch. 

SOLBRBDEK  3  ^  ' 
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treatment  \¥ith  Iodine-solution  and  Sulphuric  acid.  Silidfication  of  the  walls 
of  the  epidermal  cells,  especially  of  the  outer  walls*  is  very  common. 

The  stomata  in  the  Artocarpeae  and  Conocephaleae  are  found  almost 
ezdfusively  (exception  :  Cecropia  numboUHana^  Klotzsch)  on  the  lower  side  of 
the  leaf.  In  some  cases  (species  of  Cecropia^  Coussapoa^  Pourouma)  they  are 
placed  on  pedestals,  formed  bjr  the  neighbouring  cells,  while  in  Brosimopsis 
ladescens^  Sp.-Hoore  and  certain  species  of  Ficus  they  are  sunk  bdow  the 
surface.  Distinct  subsidiary  cells,  conforming  to  the  Cruciferous  type,  are 
present  only  in  Conocephalus.  Apart  'from  that,  a  rosette  of  subsidiary  cells, 
distinguished  by  having  thinner  walls*  is  found  in  Ficus  Binnendijkii^  Miq.  and 
F.  p^iusay  L.  f .  Owing  to  the  projecting  network  formed  by  the  veins  on  the 
lower  side  of  the  leaf,  and  a  corresponding  differentiation  of  the  lower  epidermal 
cells,  the  stomata  with  their  neighbourmg  cells  are  frequentiy  (especially  in 
many  species  of  Ficus)  found  to  be  arranged  in  groups  in  the  meshes  between 
the  veins ;  the  meshes  themselves  are  often  depr^sed  to  form  small  pits. 
Typical  stomatal  groups,  however,  occur  only  in  Ficus  gibbosa,  Bl.  In  this 
connexion  we  may  also  notice  the  stomatal  pits  found  in  certain  spedes  of  Ficus^ 
andvisibleto  the  naked  eye  as  spots  on  the  surface  of  the  leaf ;  they  have  been 
described  in  detail  by  Baigagh-Petrucd.  In  F.  caUicarpa^  Miq.  they  form 
small  widely  open  pit^  the  aperture  of  which  is  occupied  by  hairs ;  in  r.  punc' 
iota,  Thunb.  and  F.  falcata^  Thunb.,  in  which  the  orifice  of  the  pits  likewise 
bears  hairs,  the  pits  are  provided  with  three  recesses,  the  middle  one  of  wbidi 
runsat  right  angles,  while  the  lateral  ones  are  parallel  to  the  surface  of  the  kai ; 
in  F.  excavata^  King  the  pits  are  irregulailv  lobed,  and  the  lobes  open  directly 
to  the  exterior,  no  hairs  being  present.  The  relative^  large  stomata,  situated 
above  the  veins  of  the  leaf  in  species  of  Ficus  and  in  Dtosimum  Alicas^mm,  are 
probably  of  the  nature  of  water-pores.  Hydathodea,  which  are  provided  with 
an  epithema  and  are  often  recognizable  with  the  naked  eye  as  spots  or  small  pits 
or  warts  (mentioned  in  the  earlier  part  of  this  book,  p.  771),  besides  occurring 
in  many  mcies  of  Cecropia^  ConocephaluSy  and  Ficus^  are  found  also  in  Dam- 
mofopsis  Kingiana,  Warn.  Regaidmg  the  structure  of  these  hydathodes^  we 
may  add  that  the  number  of  water-pores,  which  are  invariably  of  very  small 
size,  may  be  as  much  as  100  in  Ficus^  although  generally  less,  and  is  only  10-15 
in  Cecropia,  According  to  Renner,  the  occurrence  of  these  hydathodes  cannot 
be  recommended  for  use  as  a  sp^ufic  character,  as  they  may  be  present  or 
absent  in  one  and  the  same  species. 

In  most  cases  the  structure  of  the  leaf  is  bifacial,  but  in  numerous  species 
of  Ficus  belonging  to  the  section  UrosHpna  the  lowest  la]^  of  the  mesophyll  is 
differentiated  as  a  low  palisade,  while  m  the  genera  Autiaris,  Brosimum^  Ficus 
Sect.  UrosHgma^  and  Pourouma  the  entire  mesophyll  is  sometimes  found  to 
consist  of  palisade-tissue,  the  lower  layers  being  formed  by  short  conjugate 
palisade-cells.  Arm-palisade  cells  have  been  oteerved  in  the  first  or  second 
layers  of  the  palisade-tissue  or  in  both  these  layers  in  certain  species  of  Pararto- 
carpus.  A  hypha-like  differentiation  of  the  spongy  tissue  is  specially  charac- 
teristic of  the  species  of  Artocarpus  belonging  to  the  section  Jaca  and  of  certain 
species  of  Ficus  belonging  to  the  section  DrosHgma.  In  Parartocarpus  excdsus^ 
Becc.,  the  two  lowest  layers  of  the  spongy  tissue  have  thick  pitted  walls  and 
are  differentiated  like  a  hypoderm.  Spicular  fibres,  which  have  a  varied  course, 
are  recorded  by  Renner  in  the  following  species :  Balanosireblus  ilicifolia^  Kurz 
(only  in  the  veins) ;  Ficus  BonplandianOf  Miq.,  F.  crocaia^  Mart.,  F.  dcUaria^ 
Mart.,  F.  Gardneriana^  Miq.,  F.  lot^folia,  Scbott,  F.  obscura,  BL,  F.  fisifera^ 
Wall.,  F.  tomentella,  Miq. ;  Sahagunia  PeckoUii,  K.  Sch.  The  great  diversity 
presented  by  the  structure  of  the  veins  in  the  Artocarpeae  and  Conocephaleae 
cannot  be  considered  here ;  regarding  this  point,  see  Renner,  loc.  cit. 

For  the  structure  of  the  leaf  in  the  heterophyllous  species,  cf.  Paoli,  loc.  cit. 

Renner  demonstrated  latidferouB  tubes  (see  p.  771)  in  the  leaves  of  all  the 
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Artocarpeae  which  he  examined.  The  laticiferous  elements  present  in  the 
leaves  are  thin-walled  sacs,  which  are  from  8-30  fi  wide ;  they  are  principally 
ioond  traversing  the  peripheral  porti<Hi  of  the  tissue  accompanying  the  veins 
(sometimes  also  the  medullary  tissue  of  the  veins)  and  in  species  of  many 
genera  ^  also  enter  into  the  mesophyll.  They  belong  to  the  category  of  latia- 
terous  cells ;  Mayus's  statemoit  as  to  the  occurrence  of  reticulate  anastomoses 
in  Ficus  dasHca  is  doubtless  incorrect.  According  to  Renner  the  latex  of.  the 
Artocarpeae  is  peculiar  in  containing  small  spherical  masses  of  caoutchouc 
side  by  side  with  tannin.  The  same  author  showed  that  the  contents  of  the 
laticiferous  elements  have  a  very  distinctive  character  in  Ficm  popuUfolia,  Vahl, 
inasmuch  as  they  iiKdude  dbuminous  substances.  MoUsch  has  recentlyjproved 
that  the  latex  in  Ficus  dastica  and  in  the  famous  cow-tree  {Brosimum  dalado* 
dendran^  Don)  is  rich  in  salts  of  magnesium,  which  crystallLEe  out  from  a  drop 
of  the  latex  in  the  form  of  round  or  angular  sphaerites.  In  the  Conocephaleae 
laticiferous  cells  have  been  found  in  the  axis  of  all  the  genera  examined  by 
Renner,  as  well  as  in  Musanga  (according  to  Engler).  They  occur  chiefly  in  the 
primary  cortex,  although  occasionally  present  in  the  phloem  as  well,  but  only 
rarely  {Pourauma  acuminaia^  Mart,  and  P.  '  mollis ')  enter  the  leaves  (lateral 
veins).  Their  diameter  varies  between  25  and  85  fi.  Their  contents,  as  far  as 
they  are  known,  never  include  caoutchouc-bodies,  but  sometimes  contain  simple 
or  composite  proteid-bodies,  which  owe  their  origin  to  leucoplasts.  These 
proteid-bodies  were  first  discovered  by  Holisch  in  Cecropia  felUUaj  L.  and 
Caussapoa  SchoUii  {'  BrosiffMm  mUrocarpum ')  and  are  recorded  by  Renner 
also  in  Cecropia  concohr^  Willd.,  C.  obtusa,  Tr6c.  and  Pourouma  tomeniosu^  Mart. 
Secretory  cells,  which  have  brownish  contents  of  the  nature  of  a  gum-resin 
and  which  were  described  for  certain  species  of  Artocarpus  in  the  earlier  part  of 
this  book,  are  rather  widely  distributed  in  the  sections  Jaca  and  Prainea  of  the 
genus^ ;  they  appear  as  inflated  spherical  or  ellipsoidal  cells  of  the  spongy  tissue, 
whidi  in  th^  species  has  a  hypha-like  differentiation,  and  in  Artocarpus  incisa, 
L.  f .  at  least  have  a  suberized  wall.  In  the  course  of  the  recent  investigations 
mudlage-canals  have  been  observed  among  the  Conocephaleae  in  the  axis  of 
species  erf  the  genera  Cecropia^  Conoc^halus^  Coussapoa,  Musanga  and  Myrian* 
/Afi5,  but  not  in  Pourouma  ;  thev  occur  in  the  primary  cortex  and  sometimes  in 
the  pith  as  well.  In  the  leaf,  the  mucilage-canals  of  the  axis  are  replaced  by 
rows  of  mudlage-ceUs,  which  are  found  in  the  lateral  veins  of  the  firsf  order  in 
numbers  varying  between  two  and  twelve,  but  only  very  rarely  traverse  the 
smaller  veins  as  well ;  such  rows  of  mucila^e-cells  have  been  demonstrated  in 
Cecropia,  Conocephalus,  Coussapoa,  Musanga  and  Myrianthus.  In  some  of  the 
species  of  the  g«ius  Pourouma  there  are  mucila^-cells  in  the  lateral  veins  of 
the  first  order.  Among  the  Artocarpeae  mucilage-cells  are  found  only  in 
Ohnedia  an^usHfolia,  Poepp. ;  they  are  either  isolated  or  united  to  form  ^oups, 
and  occur  m  the  tissue  accompanying  the  veins.  Tannin-idioblasts,  situated 
in  the  palisade-tissue  and  differentiated  like  those  of  Ficus  rubipnosa,  have  been 
demonstrated  by  Renner  in  species  of  AnHaris^  Artocarpus,  Brosimum,  Cono^ 
cephatus,  Dammaropsis  and  Ficus  ^. 


^  ^z. :  Artocarpus  %  Prmmea  and  Pseudofaeay  Bosquefa^  BroHmopHs^  Brosimum^  Cudrauia^ 
Ficui^  HeUoMtkastylis,  Olnudia^  Parmrtocarpus,  PerebM,  SoA^guma,  Scyphosyce^  Sorocioj  SparaiUh 
syce,  Trtculia, 

*  The  mcies  in  which  they  have  been  obieryed  are  as  follows :  A.anisopAyllus,  Miq.,  A,  Biumeiy 
Tr^c,  A,  ChafUtshay  Roxb.,  A,  communis.  Font,  A,  frutescens,  Renn.,  A,  hirstitus.  Lam., 
A,  Kimando,  Mio^  A,  lamcioifoiius,  RoxK.,  A,  Limpaio^  Miq.,  A.  Maingavi^  King,  A.  mariammis, 
Tr^,  A,  noiUiSy  Xhw.,  A.  pt^uatms,  Renn.,  A,  rigidus,  Bl.,  A.  scandens,  Renn.,  A,  Tamaran,  Beoc 

'  llie  q)edes  are :  Antiaris  sacddora,  Dalz.,  A,  foxicaria.  Leach. ;  Ariocarfms  integrifoHus,  I^i,, 

A.  Zimpato,  Miq.,  A.  Polyphima,  Pen.;  Brosimum  AubUHi,  Poepp.  et  EndL,  B,  discoUr,  Schott, 

B,  ichinocarpum,  Poepp.  et  EndL ;  Conociphalus  loHceolatus,  Ti^a,  C.  suavtolens,  Bl.,  C,  tonJtinofisis, 
Renn. ;  Dammoifopsis  Xingiana,  Watb.  For  the  rather  nnmerons  species  of  FicuSf  which  belong  to 
the  aectioDS  UroittgrnOt  Syrtoecia,  SycuUumf  Eusyce,  and  SycomoruSf  Reoner's  ptper  mnst  be  consulted* 
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In  most  of  the  Artocarpeae  and  Conoceiriialeae  dnstered  crystals  constitute 
the  chief  f onn  of  excretion  of  oxalate  of  ]ime»  although  solitary  crystals  are 
also  found.  In  additi<Hi  to  this  smaU,  spherical  panduriform  or  variously 
shaped  crystals  or  ciystalline  aggregates  of  the  same  salt  are  occasionally 
(species  of  AHocarpus,  Cecrapia^  Ficus^  Parartocofpus)  present  in  the  epidermis 
of  the  leaf  or  in  the  hypoderm.  Oxalate  of  lime  is  rarely  wanting  in  the  leaf 
(e.g.  in  HdiafMasfylis  Sprucei^  BaiU.  and  Lanessania  tarbinak^  Baull.)*  Large 
clustered  crystals*  situated  in  spherical  cells  of  the  palisade-tissue,  are  not 
uncommon  ;  the  largest  idioblasts  of  this  kind  are  found  in  Paurouma,  where 
they  occur  in  the  neighbourhood  of  the  vertically  transcurrent  veins.  A  more 
important  systematic  feature  is  afforded  by  the  occurrence  of  clustered  or 
ordinary  sohtary  crystals  in  the  epidermis  of  the  leaf.  The  clustered  crystals 
are  contained  smgly  in  epidermal  cells,  which  are  either  isolated  or  united  to 
form  groups  and  occur  mainly  in  the  neighbourhood  of  the  veins  ;  in  some  cases 
the  cdls  containing  the  clustered  mrstals  have  a  round  outline  and  appear  as 
idioblasts  (e.^.  in  certain  species  of  Ficus).  They  have  been  observed  in  species 
of  the  following  genera :  Antiaris^  Artocarpus  (§  Jaca^  Prainea  and  Pseudojaca)^ 
Brosimopsis,  Mrosimum^  CastiUoa,  Cecroiia,  Cudrania^  Dammaropsis,  Ficus 
(I  Urosiigma,  Palaeomarphe^  Sycidium^  CoveUia^  Eusyce)^  Musanga,  Olmtdia^ 
Perebea^  Pourouma,  Treculia.  Solitary  crystals  are  found  in  the  epidermis 
of  the  leaf  in  species  of  BalanosirMus,  Brosimum^  Ficus  (|  Synaecia  and  Uro- 
stignta),  and  Sarocea.  In  Ficus  aurantiaca^  Griff.,  F,  caUicarpa^  Miq.  and 
F.  punctata^  Thimb.,  which  belong  to  the  section  Synoecia^  the  cells  containing 
the  crystals  combine  to  form  groups ;  these  cells  are  very  small  and  have 
strongly  thickened  inner  walls  to  which  the  solitary  crystals,  which  fill  the 
entire  lumen  of  the  cell,  are  attached.  In  Brosimum  Alicasirum^  Sw.  the  veins 
are^  as  it  were,  paved  with  the  solitary  crystals  contained  in  the  epidermal  cells. 
In  the  gelatinized  epidermal  cells  of  certain  species  of  Conocephalus  Renner 
demonstrated  sphaerocrystalline  masses  of  an  unknown  chemical  substance. 

We  may  add  the  following  details  regarding  the  occurrence  of  calcification 
and  ailidflcation  of  the  cell-wall  in  the  Artocarpeae  and  Conocephaleae. 
Silicification  of  the  epidermis  is  no  uncommon  feature.  In  the  spongy  tissue 
of  the  older  leaves  of  some  species  of  Ficus  the  walls  of  the  cells  bordering 
on  the  respiratory  cavities  are  silicified.  Silicified  pegs,  arising  from  the 
outer  walls  of  the  epidermal  cells  and  penetrating  into  the  cavity  of  the  cell, 
have. been  recorded  in  species  of  Antiaris  and  Ftcus^  as  well  as.  in  Poulscnia 
aculeata^  Eggers,  while  tuberous  protuberances  which  are  silicified  are  found 
in  the  angles  of  adjacent  ceUs  of  the  hypoderm  in  Ficus  diversifolia^  Bl. ;  lastly, 
cells  filled  with  siliceous  matter  are  present  in  the  parenchyma  accompanying 
the  larger  veins  in  Ficus  aurantiaca^  Griff.,  F.  breuicuspis,  Miq.,  F.  clavaikj  Wall., 
F.  obscura,  BL,  F.  pisifera.  Wall.,  F.  sikkimensis^  Miq.,  Parartocarpus  Rieddii^ 
Warb.  and  SparaUosyce  dioica.  Bur.  Regarding  silicified  trichomes,  see 
below. 

Among  the  Artocarpeae  and  Conocephaleae  Renner  observed  typical  cysto- 
liths  (i.e.  structures  provided  with  a  stalk  and  a  variously  encrusted  body, 
which  shows  concentric  stratification  and  in  some  cases  radial  striation  as 
well)  only  in  the  genera  Conoccphalus,  Dammaropsis^  Ficus^  Paukenia  and 
SparaUosyce.  The  cystoliths  belong  exclusively  to  the  integumental  tissue 
and  are  found  both  in  the  upper  and  lower  epidermis ;  in  most  cases  they 
are  situated  in  idioblasts,  but  frequently  occur  also  in  ordinary  epidermal 
cells,  as  well  as  in  hypodermal  cells  or  trichomes.  In  Ficus  the  hthocysts 
are  invariably  concerned  in  the  formation  of  the  surface  of  the  leaf,  the  only 
exception  bemg  F.  elastica,  in  which  they  belong  to  the  hypoderm.  Only 
a  small  portion  of  the  wall  of  the  lithocyst  participates  in  the  formation  of 
the  leaf-surface,  and  this  part  of  the  wall  is  occasionally  provided  with  a  small 
tip  (species  of  Dammaropsis,  Ficus  and  Poulsenia)  or  with  a  solid  attenuated 
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bair-like  peg  of  g^reater  length  (SparaUosyce).  The  shape  of  the  cystoliths  is 
particularly  striking  in  the  species  of  CaHOcef>haluSf  since  some  of  them  are 
two-armedy  the  arms  either  spreading  out  horizontally  or  diverging  obliquely 
with  reference  to  the  axis  of  the  cystolith.  In  some  of  the  species  of  Picus 
the  flattened  cells  containing  the  cystoliths  are  accompanied  by  cells  which 
have  a  similar  shape,  but  are  devoid  of  cystoliths ;  the  latter  are  related  to 
the  small  silicified  hairs  of  Poulseniaj  &c.  discussed  below.  Among  the  struc- 
tures resembling  cystoliths  we  may  include  the  silicified  pegs  mentioned  above 
as  occurring  in  the  epidermis,  and  the  silicified  cystotyles,  which  are  recorded 
by  Renner  as  being  suspended  from  the  solid  tips  of  the  hairs  in  Aniiaris, 
Artocarpus  papuanus^  Renn.  and  Parartocarpus  Rieddii^  Warb.  In  Cecropia 
scabrifoliay  A.  Richt.,  lastly,  A.  Richter  figures  trichomes,  which  are  com- 
plet^  fiUed  with  siUcified  matter,  showing  stratification. 

the  clothing  hairs  in  the  Artocarpeae  and  Conocephaleae  generally 
•consist  of  a  single  cell,  and  either  have  a  distinct  body  or  appear  as  short 
papillose  hairs.  Now  and  then  a  thin  transverse  wall  occurs,  so  that  the  hairs 
become  bicellular  {Cudrania^  Myrianihus) ;  in  other  cases  several  transverse 
(Parartocarpus)  or  obliquely  longitudinal  (Ficus  auranHaca,  Griff.)  walls  appear 
in  the  body  of  the  hair.  Uniseriate  trichomes  with  several  short  basal  cells 
and  a  long  terminal  cell,  distinguished  by  the  fact  that  it  breaks  off  at  a  pre- 
determined point,  which  is  situated  at  the  base  of  the  cell,  are  developed  in 
Ficus  pUosa^  Reinw.  var.  chrysocotna^  King ;  ordinary  uniseriate  hairs,  which 
have  a  brown  colour,  are  rich  in  tannin  and  consist  of  twelve  or  more  cells, 
are  found  on  the  petiolar  cushions  in  Cecropia. 

The  ordinary  unicellular  clothing  hairs  frequently  serve  in  a  marked  manner 
as  a  protection  against  excessive  transpiration,  e.g.  in  species  of  Cecropia^  Coussapoa, 
Fici4Sf  Musanga,  Myrianihus  and  Pourouma  (in  which  they  are  differentiated  as 
more  or  less  curled  and  often  filiform  woolly  hairs),  in  Artocarpus  glaucus^  Bl.  and 
A,  glaucescenSf  Tr^.  (in  which  almost  all  the  epidennal  cells  grow  out  into  clothing 
hairs),  and  in  certain  species  of  Coussapoa^  in  which  the  hairs  inserted  on  the  veins 
cover  in  the  areolae  (i.e.  the  spaces  between  the  veins)  on  the  surface  of  the  leaf. 
It  remains  specially  to  mention  the  following  tvpes  of  trichomes :  (a)  the  lonf 
clothing  hairs,  which  are  found  in  species  of  Casiilloa^  Ficus  and  other  genera,  and 
are  provided  with  a  basal  pedestal  composed  of  epidennal  cells ;  (b)  the  trichomes 
of  Helicostylis  Poeppigiana,  Tr6c.,  in  wnich  the  lageniform  base  of  the  hair  pene- 
trates deeply  into  the  mesophyll ;  and  {c)  the  bracket-hairs,  which,  besides  occurring 
in  species  of  Artocarpus  and  Cecropia,  are  found  also  in  species  of  Brosimum  ana 
Lanessania.  The  walls  of  the  clothing  hairs  are  often  silicified,  and  when  tbis 
is  the  case  they  frequently  have  a  rough  surface  due  to  the  presence  of  knobs  of 
varying  shape. 

Papillose  hairs  are  found  in  the  first  place  among  the  Artocarpeae,  where  they 
show  varied  differentiation.  The^r  include  :  (a)  the  bulbiform  trichomes  of  Balano- 
strebluSf  Poulsenia  and  Sahattunia,  which  have  thick  walls  and  very  reduced 
lumina ;  (b)  the  silicified  trichomes  of  Artocarpus  frutescens,  Renn.,  A,  Limpato, 
Miq.  and  A»  scandens,  Renn.,  the  outer  wall  of  which  is  flat,  being  protruded  only 
in  the  middle,  while  the  lateral  walls  are  delicately  undulated  and  pitted  ;  {c)  the 
short  trichomes  of  sptecies  of  Artocarpus,  belonging  to  the  sections  J  oca  and  Pseudo- 
jaca ;  the  basal  portion  of  these  trichomes  is  enkurged  Uke  a  spadix  and  pitted  in 
various  ways,  wnile  the  body  of  the  hair  merely  appeaxs  as  a  solid  and  silicified 
tuberculate  Imob  or  as  a  rip  adpressed  to  one  side  of  the  basal  portion  of  the  hair. 
Amon|;  the  Conocephaleae  papilloee  hairs,  which  are  more  or  less  strongly  silidfied, 
occur  m  Cecropia,  Coussapoa,  Musan^a  and  Pourouma,  In  Cecropia  lattloba,  Miq., 
these  hairs  occur  in  large  numbers  m  the  upper  eindermis  and  have  thin  walls, 
while  in  C.  mexicana,  HemsL  they  have  a  thick  silicified  outer  wall  and  are  occa* 
sionally  provided  with  a  thin  longitudinal  wall.  Flat  papillose  hairs  with  a  minute 
tip  inserted  at  the  centre  of  the  cell  are  found  in  other  species  of  Cecropia,  as  well 
as  in  Coussapoa  viUosa,  Poepp,  et  Endl.  and  Musanga  Smithii.  With  these  hairs 
we  may  class  the  somewhat  larger  bulbiform  trichomes,  occurring  in  certain  species 
of  Cecropia  and  Pourouma ;  the  latter  have  a  longer  tip,  and  m  Pourouma  even 
occasionally  exhibit  delicate  longitudinal  walls. 
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The  external  glands  of  the  Artocarpeae  and  Conocephaleae  never  form 
a  resinous  or  oily  secretion ;  they  are  present  in  aU  the  genera  investigates! 
and,  according  to  Renner,  show  a  varying  type  of  structure.  Among  the 
Artocarpeae  the  stalks  of  die  g^ds  are  mostly  unicellular ;  the  glands  occur 
isolated  on  the  surface  of  the  leaf  and  are  never  arranged  in  groups.  In  most 
cases  the  glandular  head  is  ellipsoidal  or  spherical  and  divided  both  by  longi- 
tudinal and  transverse  waiUs.  Long  uniseriate  glands,  consistmg  of  three  or 
four  cells,  have  been  observed  among  the  Artocaipeae  only  in  Ficus  rubiginosa^ 
Desf.  and  antler-shaped  glands  (produced  by  the  outgrowth  of  the  <^ls  of 
the  glandular  head  into  sac-shaped  processes)  only  in  SparaUosyce.  Among 
the  Conocephaleae,  Conocephalus  alone  has  glands  arranged  in  groups  of  2-15  ; 
these  glan<&  have  a  unicellular  stalk  and  a  head,  which  consists  either  of  an 
irregukurly  shaped  mass  of  from  3-6  cells  (C.  avaius,  Tr6c.)  or  of  three  or  more 
diverging  tubular  arms  composed  of  1-3  cells  (C.  suaveolenSf  BL).  In  the 
remaining  genera  {Cecropia^  Coussapoa,  Musanga^  Myrianihus^  Pourauma)  the 
lower  side  of  the  leaf  as  a  general  rule  bears  isolated  uniseriate  glands,  which 
are  long  bent  structures  composed  of  4-10  cells,  the  upper  cells  being  more 
or  less  swollen  and  forming  a  kind  of  head.  The  upper  side  of  the  leaf  in 
CecropU  bears  glands,  which  have  a  multicellular  stalk  and  a  head,  composed 
of  numerous  ceUs  and  divided  both  by  transverse  and  longitudinal  walls ; 
these  glands  are  either  isolated  or  arranged  together  in  groups  comprising 
from  two  to  four  glands.  Musanga,  Mynanihus  and  Pourouma  have  groups 
of  short  external  glands  on  the  upper  side  of  the  leaf,  each  group  consisting 
of  from  two  to  seven  glands ;  the  latter  are  broadly  club-shaped  and  have 
a  stalk,  which  is  made  up  of  short  cells  and  merges  gradually  into  the  head^ 
the  latter  being  divided  both  by  transverse  and  longitudinal  walls.  In  species 
of  Cecropia  and  Pourouma  transitional  forms  between  the  glands  found  on 
the  upp^  side  and  those  present  on  the  lower  side  of  the  leaf  have  been  demon- 
strated, while  in  certain  species  of  Cecroina  filiform  glands  have  been  observed 
also  on  the  upper  side  of  the  leaf. 

We  may  add  the  following  details  regarding  the  structure  of  the  head  in  the 

glands  of  the  Artocarpeae.  In  some  cases  the  heads  are  merely  unicellular  or 
ivided  by  a  single  longitudinal  wall  {Artocarfus  |  Pseudoiaca,  Ficus  {  Urostigma^ 
ParartocarpuSf  Scyphosyce) ;  in  other  cases  tney  are  divided  into  four  quadrants 
{Ficus  clavata^  WalL,  F.  Cunia^  Ham.,  and  species  of  Artocarpus  belonging  to  the 
section  Prainea)  or  have  a  peltate  or  flabelliform  shape  with  diverse  arrangement 
of  the  cells  (certain  species  of  Artocarpus  and  Ficus), 

According  to  Renner  the  pearl-glands  (Miiller's  bodies),  which  have 
already  been  discussed  in  the  earlier  part  of  this  work,  are  foimd  only  in 
Cecropia,  and  the  statement  (made  on  Meyen's  authority)  as  to  their  occurrence 
in  Pourouma  should  be  cancelled.  The  pearl-glands,  which  are  situated  on 
the  petiolar  cushions,  consist  of  an  epidermis  of  small  cells,  which  includes 
an  apical  stoma,  and  of  a  complementary  tissue,  which  is  likewise  composed 
of  small  cells  ;  side  by  side  with  the  glands  of  this  type  the  lower  surface  of 
the  leaf  bears  pearl-glands,  which  have  an  epidermis  consisting  of  large  cells 
but  not  provided  with  a  stoma,  and  a  complementary  tissue,  composed  of  ver>* 
large  cells. 

In  the  main  portion  of  this  book  no  mention  was  made  of  the  glandular 
spots,  which  occur  on  the  leaves  in  many  species  of  Ficus,  and  which  in 
F.  hisfida,  L.  and  F.  leucaniotoma,  Poir.  are  found  also  on  the  surface  of  the 
brancn  next  to  the  points  of  insertion  of  the  petioles ;  according  to  Renner 
thev  are  of  the  nature  of  wax-glands  and  not  extrafloral  nectaries,  as  stated 
byMirabella.  They  are  provided  with  a  palisade-epithelium,  which  is  without 
stomata,  and  are  present  in  species  belonging  to  all  the  sections.  They  are 
found  on  the  lower  side  of  the  leaf,  where  they  either  lie  singly  on  the  midrib 
and  at  the  base  of  the  lamina  or  in  addition  to  that  occur  in  pairs  in  the  angles 


ADDENDA— URTICACEAE  lo^ 

between  the  lateral  veins  of  the  first  order  and  the  principal  vein  or  even  in 
the  asdls  of  the  more  delicate  lateral  veins ;  in  asymmetrical  leaves,  it  may  be 
noted,  the  paired  glands  are  found  only  on  that  half  of  the  leaf  the  growth  of 
which  has  l)een  promoted.  In  F.  diver&if olia,  Bh,  in  which  the  median  vein 
is  forfced,  a  gland  occurs  in  the  angle,  formed  by  the  bifurcation.  As  important 
from  a  systematic  point  of  view  we  may  mention  that  in  almost  all  the  species 
of  Ficus  belonging  to  the  section  Vrostigma  (excepting  F.  nervosa^  Heytie 
and  F.  pubinervis,  Bl.)  there  is  an  unpaired  wax-gland  at  the  base  of  the  midrib. 

As  regards  the  structure  of  the  cortex  (p.  775)  it  is  noteworthy  that 
according  to  Auer  the  bast-fibres  in  all  the  investigated  genera  of  the  Moraceae 
{Aniiaris,  Artocarpus^  Broussonetia^  Cecropia,  Cudrania^  Ficus^  Madura^ 
MoruSf  Olmedia^  Streblus)  agree  in  the  fact  that  the  outer  thickening-layers 
appear  as  an  envelope  around  the  inner  layers. 

In  Artocarpus  incisa,  L.f.  andi4.  inUgnfolia^  L.f.  the  stalks  of  the  fruiting- 
axes  show  polystelic  structure. 


4.  URTICEAE  (pp.  775-778 

To  the  Review  of  the  Anatomical  Features  we  may  add  that  bundles 
of  raphides  and  styloids  occur  in  La^artea,  secretory  organs  resembling  latici- 
ferous  tubes  in  Urera  haccifera^  Gaua.  and  mucilage-canals  also  in  Lapartea. 

For  the  stracture  of  the  leaf  in  Lafortea^  see  Quanjer,  loc.  cit.  In 
Lapartea  the  stomata  are  likewise  provided  with  three  subsidiary  cells 
arranged  according  to  the  Cruciferous  type.  According  to  Nestler  hydathodes, 
simiku*  to  those  found  in  Pilea  serpyuifolia  and  appearing  as  slight  promi- 
nences, are  scattered  over  the  entire  upper  surface  of  the  leaf  in  Bokmeria 
tenacissima.  Gaud.  (»B.  nivea^  Gaud.).  A  single  layer  of  hypoderm  is  i>resent 
on  the  upper  side  of  the  leaf  in  Lapartea  stimuuins^  aliq,^  but  not  in  L.  sintmia^ 
Bl.,  which  is  mentioned  as  a  synonjnn  of  L.  sUmulans  m  the  Kew  Index. 

To  the  section  dealing  with  the  cystoliths  we  may  add  that  in  Lapartea 
they  are  situated  in  the  epidernus  of  the  leaf  and  have  a  distinct  stalk,  while 
the  cells  containing  them  in  some  cases  (L.  sinuaia^  Bl.)  are  provided  with 
a  papillose  tip.  In  L.  peUaia,  Gaud,  deposits  of  carbonate  of  lime  have  been 
observed  on  the  surface  of  the  leaf,  and  in  L.  sinuata^  BL,  they  are  found  in 
the  mesophyll  as  well.  The  new  record  of  the  occurrence  of  raphides  and 
styloids  in  Lapartea  is  contained  in  Quanjer's  paper  and  is  correct. 

The  glandular  hairs  in  Lapartea  are  provided  with  a  short  stalk  and 
a  head  divided  by  vertical  walls. 

According  to  Gudrin  the  secretory  organs  of  Urera  baccifera  above  men- 
tioned resemble  laticiferous  tubes ;  they  occur  in  the  periphery  of  the  pith» 
the  inner  portion  of  the  primary  cortex  and  the  secondary  bast  of  the  stem, 
in  the  cortex  of  the  root  and  in  the  neighbourhood  of  the  vascular  bundles 
in  the  veins  of  the  leaf.  The  elements  found  in  the  pith  branch  after  the 
manner  of  laticiferous  cells.  On  the  basis  of  my  own  observation  I  may  add 
that  the  xylem-mass  in  the  stem  of  U.  baccifera  contains  tangential  bands  of 
unlignified  parenchymatous  tissue,  which  show  a  concentric  arrangement. 

Mudlage-canals  have  been  observed  in  the  larger  veins  of  the  leaf  of 
Lapartea  stimulans,  Miq.  var.  castata^  while  in  the  veins  of  the  leaf  of  L,  sinuata^ 
Bl.  Quanjer  merely  found  an  intercellular  canal  without  any  secretion. 

litentiire :  Kanten,  dcr^ia  p$ltata^  Nova  Acta  Leopold  .-CaroL,  1858 ;  and  in  Ges.  Bdtr., 
if  1865,  pp.  341-53. — ^Ti^cal»  Gomme  et  tannin  dans  le  Conociphalus  naucleiflorust  Ann.  tc  nat., 
»£r.  5,  t  k,  1868,  p]}.  a74-8i.~FaiTre,  Latex  da  Morier  blanc,  Ann.  sc.  nat,  s^.  5«  t  z,  1869, 
pp.  97-iaa.->Coftantin,  Tiges  a^.  et  sont,  Ann.  ac.  nat,  s^r.  6,  t.  xvi,  1883,  p.  85  et  seq.— [MoUer, 
Nesselfaser,  Denttch.  allg.  polytechn.  Zett.,  1883,  n.  34, 35.}— Keller,  Loftwnrzeln,  Diaa.,  Heidelberg, 
1889,  pp.  a6-3o.-^Lotlielier,  Epinet,  Thte,  Paria,  1893,  pp.  16, 17  and  pL  i— (Bigelow,  Glanda  in 
the  Hop  tree,  Proceed.  Iowa  Acad,   of  Sc.,  ii,  1895,  pp.  138-40,  i  pi.]— Mirabella,  Nettarii 
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cUniiiiz.  nelle  varie  tpecie  di  Ficus^  Nnoro  Giom.  boL  lul^  n.  s.,  ii,  1895,  pp.  340-7  and  Talk  x.^ 
Tscbircfa,  Herba  Canmtdis  indka^m  Anat.  Atlas,  i,  1895,  Tab.  xv  and  p.  55  et  seq.— Went,  Haft-  n. 
Nahrwnn.,  Ann.  Jaidin  Baitenzoig,  zii,  1895,  pp.  48-54. — [Brioii  e  Toenini,  AnaL  della  Canapa, 
Paite  ii,  Atti  Ut  bot.  di  Pavia,  Ser.  a,  it,  1896,  p.  175  et  seq.,  a6  tab.;  abatr.  in  Beih.  z.  Sot. 
Centmlbl.,  viii,  1898-9,  pp.  37-9,  and  in  Toit,  1897,  i,  p.  533.]— Biittner,  Cortex  Mnnv^  {l/rattigma 
c^itopodum^  Miq.),  Dim.,  Erlangen,  1896,  31  pp. — ^JOnsion,  Anat.  Ban  d.  Blattei,  Acta  UniTcn. 
Lnnd.,  xxxii,  a,  1896  (^/i/MMia).^Baccarini  e  Bnicemi,  Nettarii  foliari  della  OhneduUa  dsmtitma^ 
Baill.,  BnlL  Aocad.  Gioenia  Catania,  Fasc  Ivi,  1898,  pp.  10-13 ;  abttr.  in  Jnrt,  1898,  ii»  p.  386.]— 
Engkr,  Moraceae,  in  Monogr.  afrikan.  Pfl.-Fam.  n.  -Gatt.,  1808,  pp.  8-10  and  38,  39.— Miiahefla, 
Latieiferi  delle  radid  aeree  di  Ficus^  Contribox.  Uolog.  YCget  tat.  bot  Palenno,  ii,  i^,  pp^  131-6. 
-^i^lot,  Caontchoiia  et  Gnttapercha,  Tb^  Paris,  1809,  p.  133  et  teq.— Haberlandt,  Nenes  Oigan 
bei  C^Moeephalui  avatus,  Festschrift  f.  Scfawendener,  i8<^,  pp.  104-19. — Hoolbert,  Phylogteie  dcs 
Ulmacto,  Revne  g^n.  de  Bot,  1899,  pp.  106-19  and  pi.  2,  3. — Nestler,  Wasaeranssclieidaiy  an  den 
Blattem  von  Bakmsria'Axtok,  Sitz.-Ber.  Wiener  Akad.,  cvii^  Abt  i,  1899,  PP*  7^^^  and  Tab.— 
Tvnmann,  Seluddrilsen,  Diss.,  Bern,  1900,  ppw  ao-3.-— Uispmng,  Anat  n.  Jakresringbild.  tiop. 
Holzaiten,  Diss.,  Basel,  1900,  pp.  5-8  (^Artaau^  imtignfelia^  L.  £). — ^Baigag^-Petrncd,  Caviti 
stomatifeie  nel  ^enere  Ficm^  Nnoro  Giom.  bot  ItaL,  n.  s.,  viii,  xooi,  p[».  493-8. — Molisdi, 
01,  pp.  6,  31,  49  and  55. — Petersen,  Vedanatomi,  1901,  ppw 


Mildisaft  V.  Schleimsaft,  1901,  pp.  6,  31,  49  and  55. — Petersen,  Vedanatomi,  1901,  m,  38-40 
(C^Mftf).— Pitaid,  PMcVcle,  Th^,  Bofdeanx,  1901,  pp.  84,  85.^A.  RIchter,  Lnftwnxx.,  JBiM.  bot. 
Heft  54,  iQOi,  p.  44  and  Tab.  xiv..— [Baar,  Milchr5hren,  Sits.-fier.  '  Lotos*  in  Pragne,  1903,  n.  4, 


5 ;  abstr.  m  Bot  Centralbl.,  xdi,  p.  406.]— Bargagli-Petracd,  Lesnamt,  llalpighia,  1903,  p.  390 
et  seq.  {Aripcarfus,  SioeM) ;  and  CpHOcepkalus,  Nuovo  Glorn.  bot  ItaL,  ix,  looa,  p.  213. — 
Bonvgnes,  Petiole,  These,  Paris,  1903,  p.  15.— Cas.  de  CandoUe,  Hypoasddiet  de  Ficus^  BoU. 
Herbier  Boissier,  wtt,  3,  t  ii,  1903,  pp.  753-63  and  3  pl.~Clanditz,  BUttanat.  canar.  Gew.,  Disa., 
Basel,  1903,  pp.  39,  40  ((7/«iM»fiffa).---Copeland,  Haberlandt's  new  omn  of  Comoctpkdiusy  Bot. 
Gazette,  IQ03,  pp.  300-8. — Aner,  Bastfasem  d.  Moiaoeen,Osteneich.  bot  Zeitsdir.,  1903,  pp.  353-6. — 
Qnanjer,  Anat.  bovw,  dec,  Natnuknnd.  Verhandel.  Haariem,  ill,  5,  1903  {Artocarputy  L/opirUd). — 
Sblender,  Artocarpus  hcimata,  Hon.,  BnlL  Hert)ier  Boisder,  wtt,  3,  t  iii,  1903,  pp.  518-aa — 
Tnison,  Spizalige  Strnktnr  d.  Zellw.  in  den  Maricstr.,  Ber.  dentscfa.  bot  Geaellsdi.,  1903, 


Tnison,  Spizalige  Strnktnr  d.  Zellw.  in  den  Markstr.,  Ber.  dentscfa.  bot  GeieU«±.,  1903,  jp.  376. — 
Col,  Faisceanx,  Ann.  sc.  nat,  s^r.  8.  t.  xx,  1904,  pp.  134-8.— Kniep,  Bedent  d.  Mikhaut.,  Flora, 
1904,  pp.  168,  169. — ^Paoli,  Eterofiliia,  Nnoro  Giom.  bot  ItaL,  xi,  1904,  pp.  188-304  and  Tab.  *• 
--Soleicder,  Zwd  Berichtignngen,  BnU.  Herbier  Boissier,  wbt,  3,  t  iT,  1904,  pp.  3i8-83.*-Aicscboag, 
Trop.  vaxt  bladbyggn.,  Sv.  Vet.  Akad.  Handl.,  39,  n.  3, 1905,  pp.  9- 11  uidpp.  1 13-15,  Tab.  ix,  x 
and  XT  {ArtocarpHffnnA  pp.  11  a,  113,  Tab.  xv,  xvi  {Antiaris), — Frommd,  Pfantas  diil.  text.,  1905, 
p.  31.— <vnMi,  Latidfbes  de  VUnra  dacct/itra,  Bull.  Soc.  bot  de  France,  1905,  p.  406  et  seq. — 
layns,  Milchr.,  Beih.  z.  Bot  CentralbL,  xviil,  x.  Abt.,  1905,  pp.  375,  376.<'-Sazton,  Anat  d.  pL 


affines,  Ann.  sc.  nat.,  wix.  9,  t  U,  1905,  pp.  60-3  (ParM/arui).— Danphin^,  Rhizomes,  Ann.  sc  nat, 
wix,  9,  t.  iii,  1906,  p.  363  et  seq.~Perrot,  Gilbert,  Camot  et  Choaj,  Rech.  snr  les  Curfpia,  in  Perrot, 
Travanx,  iii,  1906, 38  pp.;  also  BnlL  d.  sc.  pharmaooL,  xi,  1905. — ^Piodoli,  GelsoUno,  sep.  copy, 
1906, 13  pp.— Picdoli,  Lcgnami,  Bull.  Siena,  1906,  pp.  135, 170, 174  and  175. — Rcnner,  Anat  n.  Svst 
d.  Artocaipeen  n.  Conocephaleoi,  insbes.  d.  Gatt.  Fuus,  IMss.,  Mnnich,  1006 ;  sep.  copy  from  Englcr, 
Bot  Jahrb.,  xxxix,  pp.  3x9-448. — ^Renner,  Wachsdriisen  anf  d.  Bl.  n.  Zwelgen  von /mi,  Flora,  1907, 
pp.  3^-37. — ^Boonma,  Aloeholz,  BnlL  dn  depart  de  I'agricnlt.  anx  Indes  nfoL,  n.  vii,  I907,  p.  33 
(Ce/tts). — Holtermann,  FJnflnss  d.  Klimas,  IQ07.  pp.  17,  xo6,  135  and  i36.--[Sdiom  Schinmr. 
bd  dnigen  Urticacecn  n.  Schldmcvstolithen  bei  GtrartUma  paimata^  Anzeiger  Wiener  Akad.,  Matfa.- 
naturw.  KL,  1907,  p.  65 ;  and  in  Sitz.-Ber.  Wiener  Akad.,  cxvi,  Abt  x,  1907,  pp.  393-4x0,  3  Tab.] 

Appendix:    Tribe  VII.    THELYGONEAE  (p.  779). 

In  Thelygonum  the  upper  epidermis  of  the  leaf  is  characterixed  by  the  forma- 
tion of  papillae. 

Literature :  Gutenberg,  Lichtsinnesofg.,  Ber.  dentsch.  bot  Gesellsdu,  1905,  pp.  369,  370  and 
Tab.  X,  xL 

PLATANACEAE  (pp.  779-781). 

According  to  Bouygues,  the  vascular  bundles  of  the  petiole  are  what  he 
calls  '  pseudo-faisceaux  rayonn^s.'  In  the  mature  condition  they  show  an 
annular  arrangement,  although  they  do  not  arise  from  a  single  procambial 
strand ;  in  correspondence  with  tms  their  conjunctive  tissue  resembles  the 
ground  tissue. 

Literature :  Pitard,  P^ricycle,  Th^,  Bordeaux,  1901,  pp.  81, 83.— Bouygues,  Cert  formes  vase, 
anorm.  du  petiole,  Act.  Soc.  Linn.  Bordeaux,  iTii,  1903,  pp.  91,  93. — ^Tuzson,  Spiralige  Struktur  d. 
Zellw.  in  den  Markstr.,  Ber.  dentsch.  bot  Gesellsch.,  1903,  p.  376: — Col,  Faisceaux,  Ann.  sc.  nat, 
s^.  8,  t.  XX,  1904,  p.  141.— Picdoli,  Legnami,  Bull.  Siena,  1906,  p.  135. 
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JUGLANDEAE  (pp.  783-785), 

litcnitiire :  Kasiner,  Btok  eioiger  Holzpfi.,  Dist.,  Buel,  1884,  ppi  1 1-15  and  Tab.  L— Fitaid, 
Pericyek,  Thte,  Bordeanz,  looi,  pp.  55-7.— Col,  Faisoeanx,  Ann.  sc.  nat^  1^.  8,  t  zx,  1904, 
p.  146. — Picdoli,  Legnami,  BmL  Sina,  1900,  pp.  131  and  171. 

MYRICACEAE  (pp.  785,  786). 

The  Anatomical  Characters  of  the  Order,  which  were  enumerated  in 
the  earlier  part  of  this  book,  are  confirmed  by  the  restdts  of  Chevalier's  recent 
researches.  It  only  remains  to  point  out  that  m  addition  to  the  peltate  external 
glands  one  finds  stalked  capitate  glands,  which  are  either  uniseriate  or  unicdlular, 
and  that  uniseriate  clothing  hairs  occur  side  by  side  with  the  unicellular  ones. 

The  Structure  of  the  Leaf  is  now  adequately  known  as  a  result  of 
Chevalier's  investigations.  The  leaves  are  almost  always  bifacial  in  structure, 
the  palisade-tissue  consisting  of  one  or  two  or  sometimes  of  several  layeris. 
The  atomata  are  confined  to  the  lower  side  of  the  leaf,  and  are  either  raised 
above  the  level  of  the  epidermis  (e.g.  in  Myrica  Faya^  Ait.)  or  covert  in  by 
the  neighbouring  cells  (as  in  the  sections  CompUmia  and  Go/^).  They  develop 
according  to  the  Ranunculaceous  type  and  have  5-10  neighbourmg  cdls ; 
in  Myrica  cordifdia,  L.,  they  are  restricted  to  deep  pits  in  the  surface  of  the 
leaf,  while  in  M.  G(de,  L.,  they  are  distinguished  by  the  papillose  cluuracter  of 
the  neighbouring  cells.  The  epidermal  cells  are  for  the  most  part  small 
and  have  straight  or  undulated  lateral  walls  ;  the  cutide  is  commonly  granidar, 
more  rarely  striated.  Papillose  differentiation  of  the  lower  epidermal  cells, 
like  that  observed  in  M.  GaU^  appears  to  occur  rather  frequently.  Af .  javanica^ 
Bl.  is  alone  characterized  by  the  possession  of  a  hypoderm,  which  is  situated 
on  the  upper  side  of  the  leaf  and  consists  of  two  layers.  The  peltate  glands 
mentioned  in  the  earlier  part  of  this  book  are  present  in  almost  all  the  species  ; 
their  shield,  as  we  may  notice  in  passing,  may  be  divided  both  by  tangential 
and  radial  walls  and  the  component  celk  may  eventually  even  show  an  irre- 
gular arrangement.  Side  by  side  with  these  glands  other  types  of  glandidar 
hairs  occur.  In  M.  GdU^  L.,  M,  aspUnifolia^  L.  and  Af .  escidmki,  Buch.-Ham. 
isolated  epidermal  cells  of  the  ordinary  kind  occasionally  function  as  glands ; 
they  become  filled  with  oil,  and  their  walls  remain  thin,  while  the  outer  walls 
become  slightly  arched  outwards.  In  species  of  the  sections  CompUmia 
and  Gale  (e.g.  Myrica  Gale)  one  also  finds  uniseriate  external  glands,  which 
are  composed  of  three  or  four  cells ;  of  these  either  the  terminal  cell  or  one 
of  the  middle  cells  secretes  oil.  It  is  no  great  step  from  these  forms  to  the 
stalked  external  glands,  which,  for  instance,  are  likewise  foimd  in  M.  asplenia 
folia  and  M.  esculetUa  and  have  heads  composed  of  a  small  number  of  cells. 
It  remains  to  mention  those  types  of  peltate  glands,  in  which  the  shield  is 
provided  with  a  jagged  margin  (e.g.  in  M.  pennsylvanica,  Lois.-Desl.).  Uni- 
cellular sclerotic  clothing  haurs,  wnich  have  either  a  smooth  or  a  verrucose 
surface,  are  found  in  varying  abundance  in  all  the  species.  In  M.  Zeyheri^ 
CDC.  and  M.  aspUnifolia  these  trichomes  occasionally  occur  in  pairs,  while 
in  M.  pennsylvanica  and  M.  querdfolia^  L.,  their  basal  portion  is  surrounded 
by  several  rows  of  small  subsidiary  cells  ;  in  M.  aspUnifolia  small  peg-shaped 
outgrowths,-  which  penetrate  in  between  the  neighbouring  epidermal  cells, 
are  often  developed  on  the  base  of  the  hair.  In  the  hairs  of  M.  esctdetUa^ 
Buch.-Ham.  var.  longifolia  (Teysm.  et  Binn.)  Chevalier  figures  a  few  relatively 
thin  transverse  walls. 

Three  vascular  bundles  enter  the  petiole ;  in  their  further  course  these 
bundles  approach  one  another  and  ultimately  fuse  to  form  an  arc  of  wood 
and  bast.    In  rare  cases  the  lateral  bundles  undergo  subdivision,  so  that  five 
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vascular  bundles  are  to  be  found  at  certain  points  (e^.  occasionally  in  M.  Nagi, 
Thunb.). 

As  regards  the  structure  of  the  cortex  we  may  add  the  following  details. 
The  primary  medullary  rays  between  the  groups  of  bast  broaden  out  towards 
the  exterior  in  the  shape  of  a  wed^e.  There  are  no  sderenchymatous  elements 
in  the  secondary  bast  m  M.  Gale,  m  contrast  to  M.  aspUnifclta  (where  they  are 
generally  isolated)  and  other  species  (where  th^  form  groups).  Secretory 
cells  ('  cellules  mortes  de  lignine  gonuneuse '  according  to  Chevsdier  ;  '  ZeUen 
mit  rotgefarbtem  Milchsaft '  according  to  Beringer)  occasimally  (e.g.  in  M. 
asplenifdia)  occur  in  the  cortex.  The  statements  in  the  literature  as  to  the 
occurrence  of  laticif erous  tubes  or  laticiferous  vessels  (see  Hooper  and  Dymock) 
have  as  little  foundation  as  the  recorded  presaKe  of  resin-canals  \  discussed 
in  the  earlier  part  of  this  book. 

Lttcntiuc :  [Dymock,  Indian  Drm,  Pharm.  Tovni.  and  TfansaoL,  18S0,  p.  581  et  aeq. ;  abstr. 
in  Bot  Centnlbl.,  1880,  iii,  p.  977.1^Hooper,  ilyrica  .A^',  Americ  Joan.  Phann.,  1894,  p.  109; 
abatr.  in  Jut,  1894,  ii,  p.  41a]— [Berininr.  Myrica,  Americ.  Jonm.  Phann.,  1894,  p.  aao;  abalr.  in 
Jost,  1894,  ii.  p.  40i.j~[Plancboa  et  Collin,  Drognes  aimpka,  Paria,  1895  {Afyric^  cirifira)J\ — 
Chevalier,  Appanil  T^gmtif  des  Myric.,  Comptca  rendna  Aaaoc  franf.  poor  TaTanoement  dcs  sc., 
Nantea,.  1898,  i,  pnU.  1899,  p.  164,  and  ii,  1899,  pp.  459-4S6.— Kearay,  in  Contribnt.  U.  S.  Nat 
Herb.,  ▼,  n.  5, 1000,  p.  304. — Chevalier,  Mooopmphie  dei  Mrricacte,  Thte,  Paiia,  1901,  257  pp., 
8  pi.,  I  carte ;  aho  in  Mem.  Soc.  ac.  de  Cherbooig,  zadL^Kremba  and  Denntaton,  Stroctiire  of  the 
stem  of  Myrica  GaU  and  M.  ctriftra^  Proceed.  Ameiic.  Phann.  Aaaoc.,  1901,  pp.  414-23.] — PeterBen, 
Vedanatoroi,  1901,  pp.  37,  38.^Pitard,  P^iicycle,  Thiae,  Bordeaux,  1 901,  pp.  78,  79.— CUnditz, 
Blattanat.  canar.  Gew.,  Dlas.,  Basel,  190^,  pp.  44^. 

CASUARINEAE  (pp.  786-790). 

For  the  detailed  structure  of  the  stomatal  apfMurattui  inCo^uanna,  see  Porsch, 
11.  cc.  According  to  this  author  a  particularly  noteworthy  feature  from  the  phylo- 
genetic  standpoint,  considered  in  rdation  to  tne  indications  of  affinity  between  the 
Casnarineae  and  the  Gymnosperms,  lies  in  the  intercalation  of  cutine-lamellae  in 
the  cellulose-membrane  of  the  dorsal  and  ventral  walls  of  the  gaard-ceUs,  which 
are  rather  deeply  sunk.  These  lamellae  comidetely  coincide  with  the  '  xylem* 
lamellae  '  of  Gymnospermons  stomata  both  in  their  shape  and  in  the  extent  of  their 
development. 

Literature:  Hohnel,  Gerberinden^  Berlin,  1880,  p.  50. — [Morini,  Anat  della  imdioe  ddle 
Casnarin.,  Mem.  Accad.  Bologna,  Ser.  5,voL  6,  pp.  201-34,  a  taa ;  abatr.  in  Jmt,  1897,  i,  p.  507.] — 
Bargagli-Petmod,  Legnami,  Malpighia,  190a,  p.  a88 — ^Poiich,  Spaltol&iangaappiirat  von  Ctmarima 
n.  seine  phyletiache  Bedeut.  Oaterreich.  bot.  Zeltachr.,  1904,  n.  i  et  seq. ;  aep.  copy,  a  i  pp.  and  Tab. 
iii.~[Matden,  Casuarina  tnopJMa^  Proc.  Linn.  Soc.  New  S.  Walea,  1905,  p.  iiLl—Ponch,  Der 
Spaltoffnnngaapparat  im  Lichte  der  Phylogenie,  Jena,  1905,  p.  17  et  teq. 

CUPULIFERAE  (pp.  791-797). 

2.  Structure  of  the  Leaf.  The  following  supplementary  facts  refer 
mainly  to  the  structure  of  the  leaf  in  Ouerou^  (excl.  P€i^ni<i)y  which  has 
recently  been  examined  in  detail  especially  by  Schott,  Kiister  and  Brenner. 
Isolateral  structure,  like  that  found  in  Q.  Ilex^  occurs  in  the  leaves  of  many 
species,  e.g. :  Q,  agrifdia,  N&,  0.  alnifoUa,  Poech,  Q.  caUiprinoSy  Webb, 
Q.  chrysolepis,  Liebm.,  Q.  cinerMy  Michx.,  0.  coccifera,  L.,  Q,  crassipes,  Humb. 
et  Bonpl.,  Q,  incanaj  Roxb.,  Q,  macrolepis,  Kotschy,  Q.  persica,  JauD.  et  Spach, 
Q.  ValUmea,  Kotschy,  and  Q,  xalapensis^  Humb.  et  Bonpl.  (according  to 
Schott).  Hypodenn  is  present  in  a  few  species  of  Quercus  (e.g.  in  Q.  xala- 
pensis  according  to  Schott,  in  Q.  densiflora,  Q.  glabra  and  0.  pachyphylla  accord- 
mg  to  Kuster,  and  in  Q,  vitginiana^  L.  accOTding  to  Kearny).  A  tendency 
to  form  papillae  on  the  lower  epidermis  is  recorded  by  Kuster  in  Q.  Ballota, 

*  According  to  Cheralier  the  plant,  which  waa  examined  by  Hohnel  under  the  name  of  Myricm 
^apida  and  waa  tovnd  to  be  provided  vrith  leain-canala,  ia  probably  P§docarpus  Nagi. 
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Q.  cuspidaia^  and  Q.  glabra^  by  Schott  in  Q.  ckrysophvlla,  and  by  K6hne  alsd 
in  Alnus  incatui,  Wilfd.  and  A.  mbra^  Bong.  In  all  tlMS  species  of  Quercus 
that  have  been  examined^  the  stomata  are  confined  to  the  lower  sunace  of 
the  leaf.  For  the  detailed  structure  of  the  stomata  in  Q.  Ilex,  see  Guttenberg* 
loc.  cit. ;  a  particularljr  noteworthy  feature  is  that  the  guard-cells  develop 
peculiar  longitudinal  cuticular  foids  on  tiie  upper  portion  of  the  ventral  walls, 
which  surround  the  front  cavity ;  in  a  transverse  section  these  folds  appear 
as  small  projecting  horn-like  outgrowths,  lying  opposite  to  one  another.  Less 
strongly  developed  ridges  of  the  same  type  have  been  observed  also  in  Q.  SubcTj 
L.  In  the  majority  of  the  species  of  Qutrcus  three  arcs  of  wood  and  bast 
are  found  between  the  base  and  the  middle  of  the  midrib  of  the  leaf,  and  the 
same  is  the  case  in  the  petiole ;  the  upper  arc  is  inversely  orientated  (with 
the  phloem  on  the  upper  side),  while  the  middle  and  lower  arcs  are  normally 
orientated.  The  middle  one  arises  from  the  upper  one  by  the  inrolling  of 
its  ends  (i.e.  by  a  process  of  twisting  through  an  anj^le  of  180°) ;  for  the  dis- 
tribution  of  this  median  arc  of  wood  and  bast  (which  was  first  observed  by 
Frank)  in  the  genus  Quercus,  see  C.  de  Candolle  and  Schott,  U.  cc.  For  details 
as  to  the  structure  of  the  margin  and  teeth  of  the  leaf  in  the  species  of  Quercus, 
see  likewise  Schott. 

To  the  previous  discussion  of  the  clothing  hairs  (p.  792)  we  may  add 
the  following  details.  Simple  unicellular  clothmg  hairs  with  walls  of  varying 
thickness  also  occur  in  Quercus,  although  not  very  commonly  (e.g.  in  Q.  annu^ 
lata,  Q.  dentaia,  Thunb.,  Q,  glandulifera,  Bl.,  Q.  kungarica,  *Q.  tnoneolica,  Fisch., 
Q.  robur,  L.,  Q,  sessUiflara,  &c.).  On  the  other  hand  stellate  and  tufted  hairs 
are  widely  distributed  in  the  genus  Quercus,  the  number  of  r^-cells  occasionally 
bein^  smaU  (2-4)  and  large  in  one  and  the  same  species,  the  following  types 
require  special  mention :  (a)  in  the  stellate  hairs,  which  cover  in  the  stomata 
on  the  lower  surface  of  the  leaf  in  Q.  leucocarpa.  Hook.  f.  et  Th.  and  Q.Henryi, 
Seem.,  the  3-5  rays  show  unilateral  development,  and  the  hairs,  as  seen  from 
the  surface,  resemble  a  hand  with  outspread  fingers  (accordinff  to  Brenner); 

(b)  the  stellate  hairs  of  Q.  crassipes,  Humb.  et  BonpL,  Q.  fulva,  Liebm., 
Q.  imbricaria,  Michx.  and  Q,  nitens.  Mart,  et  Gal.,  in  which  the  lower  parts 
of  the  ray-cells  are  fused  to  form  a  stalk  to  the  hair  (according  to  Schott) ; 

(c)  the  tufted  hairs  of  Q,  Brantii,  Lindl.,  which  are  composed  of  a  particularly 
large  number  of  cells  (forming  as  many  as  20  rays),  and  in  which  the  ray-ceUs 
are  arranged  approximately  in  two  tiers  (according  to  Schott) ;  {i)  lastlv  hairs, 
which  resemble  steUate  trichomes  or  small  scales  and  have  thin  cell-walls ; 
these  are  described  by  Brenner,  who  figures  them  in  Q.  'Siebddii  *  and  records 
them  also  in  Q.  cuspidaia,  Thimb.,  Q.  Junghuhnii,  Miq.,  Q.  lanceaefolia,  Roxb. 
and  Q.  sclerophylla,  lindl.  et  Paxt.  According  to  Schott  true  peltate  hairs 
occur  in  Q.  nigra,  L.,  which  is  not  included  in  the  section  Pasania,  but  in  the 
section  Erytitrobalanus ;  the  shield  has  a  jagged  margin,  and  the  8-14  ray- 
cells  of  which  it  is  composed  meet  in  the  centre.  We  may  add  that  according 
to  Kuster  brown  stellate  hairs  are  found  on  the  LefUicularis-gaSis  of  Q.  pedun* 
culata,  and  two-armed  hairs  on  the  NumistnoHs-gBHis  of  the  same  species ; 
the  type  of  hair  first  named  is  not  normally  present  in  Q.  pedunculaia,  while 
two-armed  hairs  have  not  as  yet  been  observed  as  a  normal  feature  in  any 
species  of  Quercus.  The  two  types  of  glandular  hairs,  previously  described 
by  me  in  Q.  Farnetto,  occur  also  m  other  species  of  Quercus.  Thus  according 
to  Kiister  uniseriate  ^andular  hairs  (Fig.  187,  I)  are  found  also  in  Q.  alba, 
Q.  aquatica,  Q.  glaucotdes,  Q.  magnoliaefolia,  Q.  nigra,  Q.  oblongifolia,  Q.  reti-, 
culaia,  Q.  Sarlorii,  0.  undukUa,  and  according  to  Schott  in  Q.  cUnifalia,  Poech 
and  Q.  imbricaria,  Michx. ;  according  to  Kuster  capitate  glandular  hairs  are 
present  in  Q.  pedunculaia,  Q.  ilidfolia,  Q.  lyrata,  Q.  macrocarpa,  &c.  Brenner 
(loc.  dt.,  p.  154)  also  records  glandular  hairs,  which  probably  function  as 
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hydathodes,  in  Q.  reftexa^  King  and  other  species,  but  the  details  of  their 
structure  are  not  recognizable  in  his  figure  (30  a,  a). 

3.  Structure  of  the  Axis.  For  the  strongly  developed  cork-wings 
found  on  the  axes  of  Q.  macrocarpa,  Kichx.,  see  Gregoiy,  loc.  dt.  Regardi^ 
a  peculiar  spiral  structure  in  the  medullary  rays,  see  Tuzson,  loc.  cit. ;  this 
feature  is  only  noticed  at  points  at  which  the  xylem-mass  is  ruptured  and  is 
particularly  weU  shown  by  Fagus  silvaiica,  but  also  by  Alnus  incana^  Bettda 
verrucosa^  Carpinus  Betulus^  Osirya  carpinifolia,  QuercusCerris  and  Q,  sessili flora. 

literatare :  Hohnel,  GerberindeD,  Berlin,  1880,  p.  5a  et  teq.— KQglcr,  Kork  yoo  Qmertus  stUer^ 
AichiTd.  Pbann.,  1884,  pp.  217-50.— Gregory,  Cork-wingi,  BoC.  Gacette,  1888,  pp.  249,  350.— 
Hartig,  EidMsholx,  Sit2.-Bier.  MUnch.  AJud.,  1894,  p.  385  et  leq.  and  eliewliere.~[Laziie]r,  Ch^ne 
li^  Paris,  i8a4.]~Kdliiie,  Papillen  a.  oben.  Spaltoffn.,  Mitteil.  deatich.  dendroloff.  GeseUsch., 
i^99»  P-  55.— Keamy,  in  Cootribat.  U.  S.  Nat  Herb.,  y,  n.  5,  1900,  p.  204.— Kilster,  Bemeik.  uber 
die  Anat  d.  Eicben,  Bot.  CentralbL,  1900,  iii,  pp.  177-85 — Eog.  Ant  MOller,  Koricciche,  Abh.  Ic. 
k.  geogr.  Geaellach.  Wien,  ii,  190a— Schott,  Anat  Ban  d.  Blattea  d.  Gfttt.  Qttercm,  DiA,  Heidel- 
berg, 1900,  53  pp.,  3  Tab.— Tnnmann,  SekietdrOien,  Dia.,  Bern,  1900^  pp.  17-aa— Petersen, 
Vedanatomi,  ipoi,  pp.  38-37 — Pitard,  P^rimle,  llite,  1901,  pp.  62-4.— Baigagli-Petmoci, 
Legnami,  Malpigfaia,  1903,  p.  389  {Qttera$s).^W.  Brenner,  Klima  n.  Blatt  bei  Querc$u,  Flora,  1902, 
pp.  I  i4-6o.--{PlccioU,  MoDOgnfia  del  Castagno,  Firenxe,  1903.] — Simon,  Holzkorper  sommer-  n. 
wintergTiiner  Gew.,  Ber.  dentsch.  bot  Gesellich.,  1903,  pp.  343-4  and  Tab.  n.— Tnzson,  SpiraUge 
Struktur  d.  Zellwand  in  den  Markstr.  det  Rotbnchenholses,  Ber.  dentach.  bot.  GcKllich.,  1903, 
pp.  376-9.— Col,  Faifloeanz,  Ann.  ic.  nat,  wh,  8,  t  zx,  1004,  pp.  146-9.— H.  Winkler,  Betnlaoeae, 
in  Pflanzenreidi,  Heft  19,  1904,  pp.  3,  4.— SUnengnth,  B^aarvngsveili.  d.  Wiirzb.  Mnscbdknlkpll., 
Diaa.,  Wttrzborg,  1904,  p.  ^i.— Haberlandt,  LiditaiDnesorg..  1005,  p.  97  and  Tab.  i.— Ploaoli, 
Qoerd  Italiane,  Firenie,  1.900, 60  pp.— Picdoli,  Legnami,  Bnll.  Siena,  1906,  pp.  133,  137,  139, 143, 
168, 169,  176.— Gnttenbeig,  Immergr.  Lanbbl.  d.  Mcditenrnnfloni,  In  Angler,  Bot  Jahrbu,  zzzriii, 
»907»  PP-  4'7-»9  (Qtt^cus  /fc-jr).— [For  further  literature,  see  p.  1170.] 

SALICINEAE  (pp.  797-799). 

The  following  further  points  of  distinction  between  the  two  genera  of 
this  Order  may  be  added :  Populus  alone  has  bundles  of  sclerenchymatous 
fibres  in  the  medullary  sheath,  and  invariably  has  stone-cells  in  the  cortex, 
while  stone-cells  are  never  present  in  the  cortex  in  Salix ;  the  cork  in  Salix 
always  contains  cells  with  rather  strongly  thickened  outer  tangential  walls, 
whereas  such  cells  do  not  occur  in  the  cork  in  Populus.  As  regards  the 
mode  of  origin  of  the  cork,  which  in  the  earUer  part  of  this  book  was  mentioned 
as  a  means  of  distinguishing  the  two  genera,  recent  investigations  have  con- 
firmed the  statement  that  epidermal  development  of  the  cork  is  characteristic 
of  Salix ;  in  Populus  the  cork  generaUy  arises  in  a  subepidermal  position  and  in 
P.  FremofUii^Aone  (according  to  Perredfe)  in  the  third  layer  of  the  primary  cortex. 
^  The  following  additions  on  the  structure  of  the  leaf  deal  principally  with 
Salix  and  are  based  on  Camus's  observations.  The  type  of  stoma,  previously 
described  in  Salix^  is  present  throughout  the  genus ;  the  stomata  in  Salix 
are  always  found  on  both  sides  of  the  leaf.  Gelatinized  epidermal  cells 
have  been  recorded  also  in  S.  babylonica^  S.  caesia,  S.  glabra,  S.  glauca,  S. 
hastaia,  S.  helvetica,  S.  Lapponum,  S.  petUandra,  S.  phylicifclia,  S.  pyrenaica^ 
S.  repenSf  S.  reticulata  and  S.  retusa.  In  all  probability,  however,  they  are 
even  more  widely  distributed,  for  the  1-3  tangential  walls  described  by  Camus 
are  probably  in  all  cases  (this  is  certainly  so  at  least  in  5.  nigricans,  as  I  have 
found  by  a  reinvestigation  of  this  species)  merely  the  cellulose-lameUae  of 
gelatinized  cell-walls.  Wax  (in  the  form  of  small  rods)  is  excreted  on  the 
surface  of  the  leaf  in  many  species  of  Salix.  The  mesophyll  is  differentiated 
after  the  manner  of  a  hypoderm  (just  as  in  S.  alba)  also  in  5.  babylonica.  In 
alcohol-material  of  the  leaves  of  S.  cinerea,  S.  daphnoides  and  other  species 
Camus  observed  sphaerocrystalline  excretions  (cf .  also  the  abstract  of  Dobrow- 
Uanskij's  earlier  paper  in  Just,  1893,  I,  p.  560  et  seq.).  In  connexion  with 
the  glandular  leaf-teeth  and  the  glandular  spots  on  the  bud-scales,  mentioned 
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on  p.  798  as  occurring  in  Populus^  we  may  point  out  that  in  many  species  of 
this  genus  extrs^oral  nectaries  are  found  on  the  leaves  formed  in  spring, 
or  even  on  all  the  leaves ;  the  structure  of  these  nectaries,  which  are  situated 
at  the  apex  of  the  petiole,  is  similar  to  that  of  the  leaf-teeth  (Trelease). 

To  the  section  dealing  with  the  structure  of  the  wood  we  may  add  that 
in  Salix  aurita  and  5.  cinerea  (but  not  in  5.  Caprea)  portions  of  the  wood  pro- 
ject like  ridges  into  the  bast ;  this  feature  occurs  also  in  other  species  of  Salix^ 
but  is  less  £stinct  (Camus). 

In  turning  our  attention  to  the  structure  of  the  cortex  we  may  once  more 
refer  to  the  above-mentioned  features  distinguishing  Populus  ana  Salix  (pre- 
sence or  absence  of  stone-ceUs  and  structure  of  the  periderm) ;  they  were 
determined  by  SoStari^^  and  Perred^.  According  to  Camus  the  pericyde  in 
Salix  usually  contains  a  ring  of  fibres,  which  subsequently  becomes  burst  open, 
while  in  other  cases  isolated  groups  of  fibres  are  present  from  the  first;  in 
the  creeping  and  procumbent  axes  of  5.  herbacea  and  5.  Polaris  and  in  those 
branches  of  other  species,  which  show  the  same  habit,  there  are  no  ])ericyclic 
fibres.  The  groups  of  fibres  in  the  secondary  bast  vary  in  abundance  in  Salix  ; 
in  S.  reticuUUa  no  secondsuy  hard  bast  was  found,  even  in  thick  axes. 

Regarding  the  (rith  the  following  details  may  be  added  on  SoStarid's 
authority.  In  most  of  the  species  of  Fopulus  the  inner  ceUs  of  the  pith  are 
partly  lignified  and  partly  unlignified ;  in  P.  eupkralica  alone  all  the  cdls  have 
thick  lignified  walls.  As  regar<£  the  genus  Salix  the  medullary  cells  are  lignified 
in  the  shrubby  willows,  while  in  the  dwarf  and  ^[lacial  wiUows  only  isolated 
cells  of  the  pith  are  lignified,  or  (5.  retusa,  L.)  lignified  cells  are  completely 
absent.  In  the  case  of  Popidus  eupkralica  the  groups  of  sclerenchymatous 
fibres,  characteristic  of  Populus  (see  above),  are  present  not  only  at  the  margin 
of  the  pith,  but  are  scattered  throughout  its  entire  mass.  According  to  Camus 
carbonate  of  lime  is  deposited  also  in  the  pith  of  5.  iriandra, 

litentore:  Hohnel,  Gerberinden,  Berlin,  1880,  p.  87  et  seq. — ^TTreleaie,  Nectar-gUnds  of 
FHpuius,  Bot  Gazette,  1881,  pp.  284-90.] — [Theoiin,  Om  bladstendigUuidema  hoi  en  del  Salices, 
Stockholm,  1883.]— Boogesen,  Arkt  pi.  bladbygn.,  Bot.  Tidiskrift,  zix,  1895,  p.  219  et  feq.— 
SoStari£,  Ban  des  Stammet  d.  Salicin.,  Sitz.-Ber.  Wiener  Akad.,  cvii,  Abt.  i,  1898,  pp.  iaio-19;  and 
(ysteireich.  bot  Zeitidir.,  1899,  p.  117.— Kohne,  PapUlen  n.  oberseit.  SMltofin.,  MitteiL  dentsch. 
dendrolog.  GeseUadL,  1899,  p.  S'-— Panlesoo^  Stmct.  anat.  det  hybndes,  Thte,  Geneve,  1900,  p.  90 
(^'tf/ur).— Tanmann,  Sekietdxflsen,  Diss.,  Bern,  1900,  pp.  14-17.— Petersen,  Vedanatomi,  looi, 
pp.  a4-7.^Pitard,  PMcyde,  Tbite,  Bordeaux,  1901,  pp.  94,  95.— Perred^  Comp.  anat.  of  the 
barks  of  Salidn.,  Pharm.  Jonm.,  1903;  sep.  copy  firom  Wellcome  Chem.  Research  Labor.,  n.  39,. 

».,  6  pL— Col,  Faisceaoz,  Ann.  sc  nat,  ser.  8,  t.  zz,  1904,  p.  149. — Camns,  Classificat.  des 


34  pp.,  6  pL — Col,  Faisceaoz,  Ann.  sc  nat,  ser.  8,  t.  zz,  1904,  p.  149. — Camns,  Ciassinraf.  des 
Saues  d'Eorope  et  monogr.  des  Sanies  de  France,  Jonm.  de  Bot,  1904,  p.  175  et  seq.,  and  1905, 
p.  [i]  et  sea. ;  especially  1904,  pp.  184-213  (with  anatomical  diagnoses  of  tlie  individual  species). — 
[Camns,  Atlas  de  U  monogr.  des  Sanies,  Paris,  ij^04,  with  eight  anatomical  plates.]— {Penhallow, 
Sjst.  Stndy  of  the  Salic.,  Americ  Naturalist,  zzziz,  1905,  pp.  509-35  and  797-838 ;  abstr.  in  Just, 
1905,11,  p.  13  etseq.] — Piodoli,  Legnami,  Bull.  Siena,  1900,  p.  143.— [Gaertner,  Vergl.  Blattanat.  z. 
Syst  d.  Gatt  Salix^  Diss.,  Gottingen,  1907, 59  pp.] 


EMPETRACEAE  (pp.  800,  801). 

Literature: — Boergesen,  Arkt  pi.  bladbygn.,  Bot  Tidsskzift,  ziz,  1895,  p.  219  et  seq.— Petersen, 
Vedanatomi,  1901,  pp.  46,  47. — ^Theorin,  VsLxttrichom.,  ArkiT  for  Bot,  i,  1903,  p.  161. 

CERATOPHYLLEAE  (pp.  801-803). 

The  oily  contents  found  in  young  stages  in  the  shaggy  structures  consist 
of  myriophyllin ;  ceUs  containing  myriophyllin,  moreover,  are  also  found  dis- 
tributed through  the  tissues  of  the.  plant  (Strasburger). 

Literature:  Weinrowsky.  Scheiteloflfn.  bei  Wasserp6.,  Diss.,  Berlin,  1898,  p.  a2  (also  in 
Fiin&tiidE,  Beitr.,  iii). — Roedler,  Assimilator.  Gewebesyst,  Diss.,  Freibuif;  i.  d.  Schw.,  1898-9, 
p.  37.— Strasburger,  CtnUophyllum  demersum,  in  Pringsbeim  Jahrb.,  zzxyii,  190a,  p.  500  et  seq. 
and  Tab.  z,  zi. 


CONCLUDING  REMARKS 

The  following  pages  are  devoted  to  a  review  of  those  anatomical  cha- 
racters which  have  proved  to  be  of  taxoncmiic  value»  with  reference  to  their 
occurrence  ^  in  particular  Orders,  genera,  or  species.  In  the  course  of  cor 
survey  the  varying  systematic  value,  whidi,  as  experience  has  shown,  attaches 
to  the  individual  anatomicsd  characters,  will  become  evident.  These  concluding 
remarks  may  therefore  serve  both  as  an  aid  in  the  determination  of  a  plant  by 
means  of  its  anatomical  characters,  and  (in  conjunction  with  the  Introduction 
on  p.  I  et  seq.)  as  a  guide  to  the  anatomical  method. 

In  this  review,  however,  it  is  not  my  intention  to  propound  any  definite 
doctrine,  nor  to  forestall  in  any  way  the  results  of  free  and  independent  re- 
search* The  facts  and  views  presented  in  these  pages  are  merely  relative  to 
the  present  state  of  our  knowledge  and  refer  only  to  the  plant-material  hitherto 
investigated,  the  precise  nature  of  which  is  mentioned  under  the  individual 
Orders  in  the  main  part  of  this  book ;  as  the  result  of  further  investigations 
these  statements  will  often  enough  require  amplification  or  restriction.  Let 
the  guiding  principle  in  systematic-anatomical  investigations  be  invariably  to 
take  all  the  anatomical  features  into  consideration  and  to  test  their  S3^tematic 
value  in  each  individual  case. 

The  anatomical  characters  are  discussed  in  the  fdlowing  seven  chapters : — 
I.  Structure  of  the  lamina  of  the  leaf ;  11.  Structure  of  the  petiole  ;  III.  Secre- 
tory and  excretory  receptacles ;  IV.  Hairy  covering  ;  V.  Normal  structure  of 
the  axis  ;  VI.  Anomalous  structure  of  the  axis  ;  VII.  Structure  of  the  root. 

I.  Structure  of  the  Lamina  of  the  Leaf*. 

{  I.  Simple  Epidermis.  The  epidermis  of  the  leaf  exhibits  a  large 
number  of  structural  variations,  which  for  the  most  part  constitute  biologic^ 
characters  and  are  generally  only  of  value  for  specific  diagnosis. 

These  variations  are  primanl  v  connected  with  the  shape  of  the  cells  in 
Burface-vtew.  As  a  rule  the  epidermal  cells,  when  seen  from  the  surface,  are 
approximately  isodiametric,  the  lateral  walls  being  either  straight  or  undulated. 
It  IS  chiefly  the  extreme  types  of  structure  shown  by  the  lateral  walls  on  any 
one  surface  of  the  leaf  that  are  of  value  for  taxonomic  purposes,  and  more 
especially  for  specific  diagnosis,  whilst  variation  of  these  characters  within 
narrow  limits  (e.g.  straight  and  slightly  curved  lateral  walls;  or  lateral  walls 
curved  to  a  varying  extent)  occurs  frequently  enough  in  one  and  the  same 
species.  Epidermal  cells  with  curved  lateral  walls,  moreover,  are  found 
especially  in   species  growing  in  damp  habitats,  while  epidermal  cells  with 


*  In  reviewing  the  distribution  of  those  anatomical  features  which  are  of  frequent  occonence, 
as  a  rule  only  Orders  and  anomalous  genera  are  cited. 

'  As  in  the  descriptions  of  the  individnal  Orders  (vnder  'Stractoie  of  the  Leaf)  certain 
anatomical  characters  of  the  axis  (such  as  spicnlar  cells,  Ax.)»  which  correspond  to  analogous  lieatnres 
iti  the  leaf,  are^  likewise  taken  into  consideration. 

For  the  anatomical  stmctore  of  subterranean  leaves,  we  maj  refer  to  the  paper  by  Thomas 
(Anat.  eomp.  et  ezp.  des  fenilles  sont.,  Th^,  Paris,  1900,  106  pp. ;  aec  also  Revue  gdn.  de  Bot., 
'900,P-394etscq.). 
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straight  lateral  walls  are  common  in  species  occupying  a  dry  habitat ;  the 
former  type  of  cell  in  general  occurs  more  frequently  on  the  lower  than  on  the 
upper  side  of  the  leaf 

The  foUowing  special  forms  of  epidermal  cells  require  mention.  In  certain 
species  belonging  to  a  large  number  of  different  Orders  (e.g.  Ranunculaceae, 
Papilionaceae,  Lauiineae,  Euphorbiaceae,  &c.)  one  finds  epidermal  cells  with  their 
lateral  walls  more  or  less  bent  in  a  zigzag  fashion,  while  the  apices  of  the  angles 
exhibit  ridge-Hke  projections,  the  ends  of  which  are  swollen  in  a  nodose  manner 
or  in  tiie  shape  of  a  T»  much  as  in  the  petals  of  many  plants.  A  local  separation 
of  the  lateral  walls  has  been  observed  in  species  of  Ranunculus,  In  narrow  leaves 
(Caryophylleae,  Papihonaceae,  £pacrideae,Tolemoniaceae,  &c.)  elongated  epidermal 
ceUs  are  not  uncommon,  the  cells  in  some  cases  (species  of  Lathyrus,  Candollea) 
being  almost  prosenchymatous.  The  lonf^  axis  of  these  cells  is  usually  parallel  to 
the  median  vem  of  the  leaf,  although  occasionally  {Silene  fruticosa,  species  of  EtUaxia 
and  Trifolium)  transverse  to  it. 

The  size  ^  of  the  epidermal  cells  often  varies  very  considerably  in  the  three 
directions  of  space.  As  a  general  rule,  in  the  same  species,  the  cells  of  the 
upper  epidermis  are  larger  than  those  of  the  lower  epidermis.  The  extreme 
limits  (i.e.  very  large  or  very  small  dimensions)  in  the  size  of  the  cells  on 
one  and  the  same  surface  of  the  leaf  are  at  least  of  specific  value,  while  varia- 
tions of  this  feature  within  narrower  limits  occur  in  individuals  of  the  same 
species,  occupying  different  habitats  (see  Introduction,  p.  9).  A  considerable 
development  in  the  height  of  the  epidermal  cells  is  occasionally  connected  with 
both  extremes  of  size. 

A  small-celled  e^dermis,  as  seen  in  surface-view,  has  been  described  in  certain 
Cappaiideae,  Vochysiaceae,  Chlaenaceae,  Malpighiaceae,  Hippocrateaceae,  Salva- 
doraceae,  Chloranthaceae,  Myristicaceae  and  Buxaceae ;  a  large*celled  epidermis, 
as  regards  all  three  dimensions,  this  feature  being  occasionally  combined  with  a 
special  development  in  the  height  of  the  cells,  is  found  in  certam  Menispermaceae, 
Qstineae,  Violarieae,  Tremandreae,  Elatineae,  Sterculiaceae,  Malpighiaceae, 
Geraniaceae,  Rosaceae,  Bruniaceae,  Myrtaceae  sens,  str.,  Melastomaceae,  Cucurbi- 
taceae,  Begoniaceae,  Plumbagineae,  Styraceae,  Apocynaceae,  Asclepiadeae,  Gesnera- 
ceae,  Verbenaceae  and  IDecebraceae ;  epidermal  cells  of  considersTble  height,  gene- 
rally combined  with  a  pahsade-like  shape  of  the  cells,  when  seen  in  a  transverse 
section  of  the  leaf,  have  been  observed  m  certain  Anonaceae,  Guttiferae,  Diptero- 
carpeae,  Rhaptopetalaceae,  Malpighiaceae,  Ilicineae,  Celastrineae,  Hippocrateaceae, 
Sapndaceae,  Caesalpinieae,  Chrysobalaneae,  Saxifragaceae,  Hamamdideae,  Mela- 
stomaceae, Comaceae,  CandoUeaceae,  Vacdniaceae,  Ericaceae,  Epacrideae,  Primu- 
laceae,  Bignoniaceae,  Illecebraceae,  Laurineae,  Thymelaeaceae,  Santalaceae  and 
Buxaceae.  In  a  few  species  of  Candollea  (CandoUeaceae)  the  high  epidermal  cells, 
which  have  a  rhombic  ontHne  or  assume  a  fibrous  form,  are  placed  obliquely  to  the 
surface,  and  as  a  consequence  the  epidermis  is  '  apparently  many-layered  '  in  a 
transverse  section  of  the  leaf. 

Further  differences  in  the  epidermis  are  connected  with  the  structure 
of  the  cuticle  and  walls  of  the  epidermal  cells,  and  with  the  excretion  of  wax 
on  the  surface. 

The  cuticle  varies  in  thickness  and,  as  seen  in  surface- view,  is  either  smooth 
or  provided  with  granular  or  verrucose  thickenings,  or  striated.  The  thickness 
of  the  cuticle  as  well  as  the  degree  of  marking  on  its  surface  may  in  extreme 
cases  be  utilized  for  systematic  purposes ;  in  other  cases  a  certain  amount  of 
discretion  is  necessary,  i.e.  these  features  should  not  be  employed  until  abundant 
material  of  the  species  in  question  has  been  examined ;  the  two  features. 


^  The  Tariations  in  the  sizes  of  the  cells  on  the  oorrespondlDg  organs  of  one  and  the  saine  geniu 
{CuHHird)  are  oftcD  inconiiderahle,  even  when  there  are  gieat  difieranoet  in  the  dimensiona  of  the 
organs  in  qncatioii;  for  details,  see  Schnegg  (in  Flora,  xc,  190a,  p.  ao6  et  seq.)  and  Amelung  (in 
Flora,  1893,  p.  aoS  ct  seq.). 
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moreover,  are  not  always  developed  in  the  same  way  on  the  two  surfaces  of 
the  leaf.  A  more  important  character  from  the  systematic  point  of  view  is 
the  kind  of  marking  on  the  cuticle.  This  applies  particularly  to  the  cuticiilar 
ridges  or  crests,  which  are  often  of  considerable  height  and  occur  on  the  flat 
surface  of  the  epidermis  (especially  on  the  lower  side  of  the  leaf)  in  certain 
Capparideae,  Dipterocarpeae,  Bfaivaceae,  Cyrilleae,  Mimoseae,  Rosaceae, 
Lythrarieae,  Cacteae,  Arauaceae,  Vacciniaceae,  "Ericaceae,  Sapotaceae  (Fig.  117, 
P-  513K  Styraceae,  Apocynaceae,  Euphorbiaceae  and  Ulmaceae;  they  are 
frequently  the  cause  of  the  dull  appearance  of  the  surface  of  the  leaf.  Sunilar 
high  cuticular  ridges  occasionally  unite  the  papillae  developed  from  the  epi- 
dermal cells  of  the  leaf,  such  papillae  being  provided  with  cuticular  outgrowths 
in  the  form  of  a  small  crown  or  ridge  (see  the  discussion  of  the  papillae  below). 
It  remains  to  consider  :  (a)  the  occurrence  of  the  '  cuticular  layers/  which  are 
more  or  less  cuticularized  and  apposed  to  the  cuticle  on  its  inner  side,  (b)  the 
penetration  of  the  cuticle  or  of  tiie  cuticular  layers  into  the  lateral  "mSis  of  the 
epidermal  cells  in  the  form  of  lamellae  or  pegs,  and  (c)  similarly,  the  penetration 
of  the  cellulose-membrane  into  the  cuticularized  portion  of  the  outer  wall  in 
the  form  of  lamellae  or  pegs.  The  structural  feature  last  named  has  been 
recorded  chiefly  in  certain  Papilionaceae  belonging  to  the  tribes  Podalyrieae 
and  Genisteae,  as  weU  as  in  certain  Ljrthrarieae  and  Proteaceae,  and  commonly 
causes  '  false  pitting  or  internal  striation '  of  the  outer  walls  of  the  epidermal 
cells,  when  seen  from  the  surface  (see  pp.  896,  897,  &c.). 

The  thickness  of  the  entire  outer  wall  and  of  the  lateral  and  inner 
walls  varies  in  the  same  way  as  does  the  thickness  of  the  cuticle.  It  is  a 
f amiUar  fact  that  strongly  thickened  walls  constitute  a  peculiarity  of  many 
xerophilous  species.  Exceptionally  strong  tUckenliig  of  the  inner  walls  of 
the  upper  epidermal  cells  has  been  observed  in  certain  Epacrideae  and  Euphor- 
biaceae ;  uniformly  sclerosed  epklermal  cells  occur  in  certain  Menisperma- 
ceae,  Capparideae,  Ochnaceae,  Sapindaceae»  Mdastomaceae,  Candolleaceae 
(fibrous),  Epacrideae,  Thymelaeaceae  and  species  of  Gonystylus^  while  in  certain 
Caesalpinieae,  Vacciniaceae  and  Epacrideae  the  epidermal  cells  have  the 
appearance  of  stone-cells  only  when  seen  from  the  surface.  Tlie  lateral  and 
inner  walls,  when  strongly  thickened,  are  for  the  most  part  pitted.  A  feature 
deserving  quite  special  notice  is  the  occurrence  of  distinct  bordered  pits  side 
by  side  with  simple  pits  on  the  lateral  walls  in  certain  species  of  LandaUea 
(Candolleaceae).  Pitting  of  the  entfre  outer  wall^  is  rare  (Capparideae,  Cda- 
strineae,  Hippocrateaceae,  Sapindaceae) ;  peculiar  long,  branched  pit-canaJs 
have  beien  oteerved  in  the  outer  walls  in  the  genus  Mortonia  (Cek^trineae). 
A  commoner  feature,  found  in  species  having  undulated  lateral  walls,  is  the 
occurrence  of  so-called  marginal  pits,  i.e.  pits  which  traverse  the  outer  walls, 
but  are  situated  in  the  bays  and  often  run  obliquely  towards  the  outside. 
Lignified  thickening  bands  have  been  observed  on  the  latersd  walls  in 
NoiouraUa  inundaia.  Van  Tieghem  (Ochnaceae),  spfral  or  reticulate  thickening 
of  the  epidermal  cells  in  the  Order  Vacciniaceae,  and  reticulate  thickening  of  the 
outer  walls  in  certain  Ericaceae  and  Epacrideae.  The  exact  chemical  nature 
of  the  inner  and  lateral  walls  (regarding  gdatinization,  see  {  2,  p.  1074)  may 
likewise  be  taken  into  consideration  in  sj^tematic-anatomical  investigations. 

In  many  species  the  protective  action  of  the  cuticle  is  augmented  by 
a  considerable  excretion  of  wax,  which  gives  those  particular  parts  of  the  plant 
(both  leaves  and  stems)  a  glaucous  or  hoary  appearance. 

Such  an  excretion  of  wax  is  found  in  certain  Magnollaceae,  Menispermaceae, 

^  AmbroDn,  Poren  in  den  Anssenwiinden  von  £pidennisieUen»  in  Pringiheim  Jahrb.,  xiy,  1884, 

BSa  et  seq.  and  Tab.  viii.    Regarding  lensitive  pits  in  the  tendrils  of  Cacarbitaceae,  Ac,  see 
aberlandt,  Physiolog.  Pflanzananatomie,  1904,  p.  509  et  seq. ;  also  under  Cncarbitaceae,  p.  939. 
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Papaveraceae,  Cmciferae,  Violarieae,  Bixineae,  Tamariscineae,  Malvaceae,  ZygOr 
phyUeae,  Aceraceae,  Mimoseae,  Rosaceae,  Crassulaceae»  Myrtaceae»  Pasaifloraceae, 
Cacteae,  HcQideaey  Compositae,  Ericaceae,  Vacciniaceae,  Epacrideae,  Asclepiadeae, 
Gentianeaey  Solanaceae,  Nyctagineae,  Ulecebraceae,  Chenopodiaceae,  Laurineae* 
Proteaceae,  Thymelaeatceae,  Euphorbiaceae  and  Salidneae.  Concerning  the  varied 
nature  of  this  excretion,  see  under  the  Orders  cited,  and  De  Bary,  vergL  Anat., 
p.  87  et  seq. 

A  valuable  specific  character  is  afforded  by  the  papillose  differentiation 
of  the  epidermal  cells  \  This  phenomenon  is  particularly  common  in  the  cells 
of  the  lower  epidermis,  but  rarer  in  those  of  the  upper  epidermis  ;  it  is  occa- 
sionally found  on  both  sides  of  the  leaf  in  one  and  the  same  species.  The 
differentiation  of  papillae  generally  causes  the  surface  of  the  leaf  to  have  a  dull 
appearance.  In  some  cases  the  papillae  are  confined  to  the  cells  immediately 
surrounding  the  stomata  or  to  uie  margin  of  the  leaf.  The  papillae  vary  in 
the  extent  of  their  development  and  in  their  differentiation.  One  finds  all 
stagesy  from  the  formation  of  distinct  papillae  down  to  a  simple  convex  protru- 
sion of  the  outer  walls  on  the  one  hand,  and  culminating  in  simple  unicellular 
hairs  on  the  other.  Epidermal  cells,  in  which  the  outer  walls  are  strongly  arched 
outwards,  may  be  described  as  subpapillose.  The  development  of  a  typical 
papilla  affects  either  the  entire  outer  wall  of  the  epidermal  cell  or  merely  its 
central  portion.  The  length  and  shape  of  the  papillae  vary .  Their  walls  may  be 
either  thin  or  thick ;  the  short  (and  more  rarely  the  long)  papillae  occasionally 
develop  into  solid  pqgs  owing  to  secondary  thickening  of  the  cell-wall  (in  certain 
Polygaleae,  Rosaceae,  Ebenaceae  (Fig.  118,  p.  517),  Proteaceae,  Penaeaceae, 
Geissoloma^  &c.).  In  some  cases  also  the  papillae  form  the  centres  for  a  radial 
striation  of  the  epidermal  ceUs.  Special  mention  may  be  made  of  the  relatively 
long  and  striated  papillae,  which  are  provided  with  a  small  cuticular  crown  and 
stand  in  connexion  with  one  another  by  means  of  cuticular  ridges,  placed  at 
right  angles  to  the  surface  of  the  leaf  (e.g.  in  certain  Anonaceae,  Sapmdaceae, 
Papilionaceae,  Araliaceae,  Comaceae,  Eb^aceae,  Fig.  118,  p.  517,  Styraceae, 
Oleaceae). 

Papillose  or  subpapillose  differentiation  of  the  epidermal  ceUs  has  been  observed 
in  certain  species  bdonginfi;  to  the  following  Orders  or  genera:  Ranunculaceae, 
Maenoliaceae,  Trochodendraceae,  Lactoridaceae,  Anonaceae,  Menispermaceae, 
Berbeiideae,  Nymphaeaceae,  Papaveraceae,  Capparideae,  Violarieae,  Bixineae,  Pitto* 
sporeae,  Poly^eae,  Vochysiaceae,  Caryophyueae,  Tamaiisdneae,  Hyperidneae, 
Guttiferae,  Ternslroemiaceae,  Lineae,  Bialpighiaceae,  Geraniaceae,  Kutaceae, 
Simarubaceae,  Ochnaceae,  Burseraceae,  Meliaceae,  Oladneae,  Celastrineae,  Rham-* 
neae»  Ampelidaceae,  Sapindaceae,  Breischneidera,  Hippocastanaceae,  Aceraceae, 
Staphyleaoea^  Anacardiaceae,  Connaraceae,  Papilionaceae,  Caesalpinieae,  Mimoseae, 
Rosiaceae,  Crassulaceae,  Hamamelideae,  Bruniaceae,  Halorageae,  Combretaceae, 
Myrtaceae  sens,  str.,  Lecythidaceae,  Melastomaceae,  Lythrarieae,  Passifloraceae, 
Cucurbitaceae,  Begoniaceae,  Ficoideae,  UmbeUiferae,  Araliaceae,  Comaceae,  Capri- 
ioliaceae,  Rubiaceae,  Compcsitae,  Campanulaceae  (only  isolated  papillae),  Ericaceae, 
Epacrideae,  Diapensiaceae,  Ebenaceae  (Fig.  118),  Styraceae,  Oleaceae,  Apocynaceae, 
Loganiaceae,  Polemoniaceae  (only  isolated  papillae),  Boragineae,  Convolvulaceae, 
Solanaceae,  Zombiana,  Gesneraceae,  Bignomaceae,  Acanthaceae,  Aristolochiaceae, 
Chloranthaceae,  Piperaceae,  Myristicaceae,  Laurineae,  Hemandiaceae,  Proteaceae, 
Thymelaeaceae,  Penaeaceae,  Gtissoloma^  Santalaceae,  Euphorbiaceae,  Daphniphyl* 
laceae,  Ulmaceae,  Moraceae,  Thdygoneae,  Myiicaceae,  Cupuliferae.  For  certain 
eptdennal  ceUs  cf  the  leaf,  which  are  developed  like  bladders  or  hairs,  see  also 
IS  2  and  31. 

A  feature,  which  can  generally  likewise  be  employed  only  for  specific 
diagnosis,  is  afforded  by  the  occurrence  of   thin  horizontal  or  vertical 


^  Kohne,  VofkcNnmen  too  Paptllen  n.  obendt  Spftltdfih.,  Mitteil.  dcntich.  dendrolog.  GcseUsch., 
^'999  PP>  47-^7 ;  Me  alio  Kohne,  Fraximu-Aritn,  in  Kegel,  Gaitenfloim,  1895^  pp.  184-8. 
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division-walls  in  the  epidermal  cells  in  certain  Celastrineae,  Sapindaoeae, 
Hippocastanaceae,  Papilibnaceae,  Caesalpinieae,  Mimoseae,  Araliaceae,  Loga- 
hiaceae  and  Moraceae  ;  see  also  §  3,  p.  1076. 

Of  special  contents  found  in  the  epidermal  cells  we  may  in  the  first  place 
mention  the  presence  of  chlorophyll  \  which  occurs  chidSy  in  species  growing 
in  shady  or  damp  localities. 

The  species  in  <me8tion  belong  to  the  following  Orders :  Ranunculaceae,  Gera- 
niaceae  {^ImpoHens^  Tropaeolum)^  Ilicineae,  Staphyleaceae  {SUtphyl&a)^  DtOBfmoeautf 
Onagraneae  {Epilolnum)^  Diapensiaceae,  Solanaceae  (Daiura  §  Brugmansia),  Scro- 
phularineae,  Lentibularieae,  Pedalineae,  Selagineae,  Verbenaceae»  Labiatae»  Phyto- 
Uccaceae,  Podo8temaceae»  Euphorhiaceae  (Mercurialis)^  Thelygoneaey  Cerato- 
pfayUeae. 

The  occurrence  of  anthocyanin  (widely  distributed  in  the  B^oniaceae  and 
Gesneraceae)  and  tannin  in  the  epidermis  also  requires  to  be  taken  into  account. 
For  the  occurrence  of  oxalate  of  lime,  see  {  2 ;  for  sphaerocrystalline  masses 
and  other  contents  composed  of  organic  substances,  see  (f  23  and  25 ;  for 
mucilase,  see  §  2  ;  for  other  kinds  of  secretions,  see  §  14 ;  and  for  cystdithsi 
see  §28. 

Regarding  incrustation  of  the  walls  of  the  epidermal  cells,  see  (f  26  and  27. 

§  2.  Differentiation  of  the  Simple  Epidermis  of  the  Leaf.  In  this 
section  we  shall  discuss  especially  the  difierentiation  of  the  epidermis  of  the 
leaf  in  so  far  as  it  is  brought  about  by  the  occurrence  of  mucilagmous  epidermal 
cells,  of  cells  containing  oxalate  of  lime,  and  of  large  epideniial  celis,  which 
either  serve  for  the  storage  of  water  or  are  filled  with  brown  contents  in  the  dry 
leaf.  Regarding  epidermal  idioblasts,  which  contain  other  kinds  of  secretion 
or  are  occupied  oy  cystoliths,  see  §§  14  and  28  respectively. 

I.  The  gelatinixation  of  the  epidermis  of  the  leaf  ^  which  serves  for  the 
storage  of  water,  but  occasionally  occurs  also  in  species  from  damp  habitats, 
is  a  good  specific  character.  Gelatinization  usually  affects  only  the  mner  walls 
of  the  epidermal  cells,  rarely  the  outer  walls  as  well,  and  as  a  general  rule  is  found 
Inore  commonly  on  the  upper  than  on  the  lower  side  of  the  leaf.  Gelatinized 
epidermal  cells  are  often  oistinguished  by  their  large  size ;  in  such  cases  the 
mucilaginous  portions  of  the  inner  walls,  which  are  separated  from  the  lumina  of 
the  cells  by  a  cellulose-lameUa  and  occasionaUy  include  further  internal  cellulose* 
lamellae,  commonly  penetrate  into  the  mesophyll  in  a  hemispherical  or  conical 
form,  sometimes  givmg  rise  to  transparent  dots  in  the  leal.  As  a  rule  only 
isolated  cells  of  the  epidermis  are  mucilaginous,  but  occasionally  there  are  groups 
of  gelatinized  cells  of  varying  size  or  the  entire  epidermis  is  affected.  In  the  cases 
last  mentioned  a  regular  layer  of  mucilage  is  produced  below  the  upper 
epidermis,  in  the  formation  of  which  the  adjacent  walls  of  the  subq)idermal 
layer  of  cells  may  also  play  a  part  (in  certain  Menispermaceae,  Kutaceae, 
Fig.  40,  p.  175,  Loganiaceae,  uentianeae  and  Euphorhiaceae ;  in  the  Gentianeae 
al^  beneath  the  epidermis  of  the  stem). 

Cells  with  i^datinhied  inner  membranes  have  been  observed  in  the  integu- 
mental  tissue  (epidermis  and  hypoderm)  in  species  of  the  following  Orders  or  genera, 
as  the  case  may  be :  Magnoliaceae,  Anonaceae,  Crudf erae,  Resedaceae,  Cistineae, 

*  Stohr,  ia  Sit2..Ber.  Wiener  Akad.,  Izxiz,  Abt.  i,  1879;  aad  De  Bary,  VeigL  Anat,  1877, 
p.  70. 

*  Radlkofer,  Mooogr.  Sifyama,  1875,  p.  100 ;  Wallicaek,  Membiaiiichleime,  in  Pring^hetm 
Jfthrb.,  xzv,  1893,  p.  309 ;  Kinch,  Epid.  madL,  Ann.  R.  1st  bot.  4i  Roma,  vi,  1896,  86  pp.  and 
a  Tab. 

It  may  be  well  at  this  point  to  warn  the  reader  against  the  confvsioo  between  gelatinised 
portions  of  the  walls  of  the  epidermis  and  the  cells  of  a  hypodenn,~an  error  which  occnn  over  and 
oTcr  again  in  the  literature. 
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Violarieae,  Bixineae,  Tiemandreae,  Vochysiaceae,  Elatineae,  Ternstroeimaceae» 
Dipterocarpeae,  MonoieSf  Cblaenaceae,  Malvaceae,  Sterculiaceae,  Tiliaceae,  Lineae, 
Malpighiaceae,  Rntaoeae,  Simarubaceae,  Ochnaceae,  Luxembiirgiaceae,  Bnrserar 
ceae,  Mdiaceae,  Cbailletiaceae,  Oladneae,  Ilicineae,  CyiiUeae,  Celastrmeae,  Penta- 
phylacaceae,  Rbamneaey  Sapindaceae,  Aceraoeae,  Staphyleaceae,  Moringeae,  Con- 
aaraceae,  Papifionaceae,  CaeBalpi2iieae»  Mimoseae,  Rosaceae,  Saxifragaceae,  Hama- 
inelideae»  Rmzophoraceae,  Melastomaceae,  L3rthxarieae,  Onagrarieae,  Samydaceae 
<only  in  Gwfafdtna)^  Tumeraceae,  Passifloraceae,  Comaceae,  Ericaceae,  Myrsineae, 
Sapotaceae,  Gentianeae,  Phytolaccaceae,  Polygonaceae,  Thymelaeaceae  (Fig.  174, 
p.  717),  Gonysfylus^  Geissolomat  Enphorbiaceae,  Uhnaceae,  Moraceae,  Cupunferae, 
SaHdneae,  Empetraceae. 

Epidermal  cells,  in  which  the  inner  walls  are  swollen  (e.g.  in  certain  Samydaceae), 
mnst  not  be  confused  with  gelatinised  epidermal  ceUs,  even  though  in  some  respects 
they  constitute  a  transition  to  the  latter. 

II.  Epidermal  cells  containing  oxalate  of  lime  are  rarely  the  cause  of  a 
differentiation  of  the  epidermis  of  the  leaf,  this  being  the  case  only  when  the 
crystal-cells  are  distinguished  from  the  remaining  epidermal  cells  by  their 
larger  or  smaller  size  and  by  their  shape.  The  small  crystal-idioblasts  mostly 
appear  roond,  when  seen  nrom  the  surface,  and  contain  either  a  clustered  or 
a  solitary  crystal ;  they  are  rarely  isolated,  being  more  commonly  paired  or 
united  to  form  small  groups ;  in  the  Papilionaceous  genus  Stylosanthes  they 
have  a  polygonal  outline  and  enclose  a  single  rod-shap^  or  geniculate  solitary 
crystal,  the  entire  superficial  layer  of  the  integumental  tissue  on  the  lower  side 
of  the  leaf  (except  for  the  stomata  and  their  subsidiary  cells)  in  this  case  being 
composed  of  such  crystal-cells  (Fig.  58,  S,  p.  265). 

The  large  oystal-idioblasts,  which  in  the  *  Schlussbemerkungen '  of  the 
original  Germain  edition  of  this  book  (p.  908)  were  mentioned  as  occurring  in 
certain  Rutaceae  and  Euphorbiaceae,  and  are  perhaps  found  in  the  same 
position  also  in  other  Orders,  urgently  require  an  investigation  of  their  mode 
of  development,  in  order  to  determine  whether  they  really,  or  only  apparentiy, 
belong  to  the  epidermis. 

The  weU-known  crystal-cells  of  Citrus,  which  are  wedged  in  between  the 
epidermal  cells  on  the  two  surfaces  of  the  leaf,  are  subepidermal  cells,  which  have 
penetrated  into  the  epidermis  by  a  process  of  sdiding  growth.  This  is  likewise  true 
of  (a)  the  large  cells  with  clusterea  crystals,  found  in  Dalechampia  Roezlianoy  and 
probably  also  the  cells  with  clustered  crystals  in  other  Acalypheae ;  (h)  the  cells 
with  clustered  crystals,  which  occur  in  Caper onia  and  Argyrothamnia^  the  cells  in 
tins  case  already  projecting  somewhat  after  the  manner  of  a  hair ;  {c)  the  cells 
containing  sphaentes,  whidi  are  found  in  Acalypha  and  Claoxylon,  the  cells  in 
question  Bkewise  projecting  beyond  the  surface ;  and  (d)  the  haars  with  clustered 
crystals,  recorded  m  Pragariopsis  and  Pluketutia  (cf.  pp.  1049,  105 1,  and  §  31)  ^ 

In  the  following  synopsis  all  the  forms,  in  which  oxalate  of  lime  occurs 
In  the  epidermis  of  the  leaf,  are  taken  into  consideration,  whether  the  cells 
containing  the  crystals  appear  as  idioblasts  or  not.  The  Orders,  in  which 
r^tivdy  small  crystal-idioblasts  have  been  observed,  are  provided  with  a  • 
preceding  the  name  of  the  Order ;  cr.  indicates  ordinary  soUtary  crystals ; 
clust.  cr.  s  clustered  crystals ;  s  s=  crystal-sand ;  r  =  raphides  ;  A  =  acicular 
crystals;  p  =s  small  prismatic  or  rod-shaped  crystals. 

Oxalate  of  lime  has  been  observed  in  the  epidermis  in  the  following  Orders : 
Magnoliaceae  ?  (cr.),  Anonaceae  (cr.,  clust  cr.),  Fig.  6,  A  (p.  36),  *Menispermaceae 
(A,  p,  cr.),  C^pparideae  (p),  *Canellaceae  (cr.,  chist.  cr.),  *Bixineae  (cr.,  clust.  cr.), 
Gnttilerae  (clust.  cr.,  p).  Fig.  27,  C  (p.  122),  *Temstroemiaceae  (cr.,  dust,  cr.),  Tilia- 
ceae  (clust.  cr.),  Lineae  (cr.),  Rutaceae  (cr.),  Simarubaceae  (p),  Oladneae  (cr.,  clust. 


^  Guttenberg,  Krvitallzellen  im  Blatt  von  CUrus,  Sit2.-Ber.  Wiener  Akad.,  czi,  Abt.  x,  190a, 
18  pp.,  I  Tab. ;  Knoll,  Biennhaare  dcr  Enphorbiaceen-Gftttnngen  DaUchampia  nnd  Ttagia^  Sitz.- 
Ber.  Wiener  Akad.,  cziv,  Abt.  i,  1905,  ao  pp.,  2  Tab. 
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cr.)f  *Celastnneae  (cr.,  clust  cr.)f  ^Hippocrateaceae  (cr.,  clust  cr.)>  *RhaiTineae  (cr.)» 
Sapindaceae  (cr.,  clust.  cr.,  s),  Didiereae  (dust.  cr.)>  Aceraceae  (cr.),  *PapiIionaceae 
(cr.).  Fig.  58,  B  (p.  265),  *Caesalptiiieae  (cr.,  clust.  cr.)»  Mimoaeae  (cr.),  Rnizophora- 
ceae  (cr.,  clust.  cr.),  Lecythidaceae,  Melastomaoeae  (dust,  cr.),  Lythraiieae  (cr.), 
*Samydaceae  (cr.,  dust,  cr.),  Aialiaceae  (cr.,  dust,  cr.,  p),  Comaceae  (clust.  cr.), 
Rubisu^eae  (r),  Compositae  (a),  Epaciideae  (cr.),  Mynoneae  (dust,  cr.,  a,  p), 
Sapotaceae  (cr.,  clust.  cr.),  Styraceae  (cr.,  clust.  cr.),  Oleaceae  (a,  p),  Apocynaceae 
(cr.),  Polemoniaceae  (a),  Solanaceae  (s),  Pedalineae,  Acanthaceae  (a)^  Myopoiineae 
(dust,  cr.,  A),  Selagineae  (p),  *Piperaceae  (Symbryan^  du^  cr.),  ChloraBtfaaGeae 
(small  cr.),  Laurineae  (small  cr.),  Hemandiaceae  (a,  p),  Proteaceae  (cr.),  Elaeagna- 
ceae  (a),  Santalaceae  (cr.),  ^Euphorbiaceae  (cr.,  clust.  cr.),  *Daplmiphyllaceae 
(dust,  cr.),  ^Moraceae  (cr.,  clust.  cr.,  small  cr.). 

In  certain  Capparideae  small  crystals  of  gypsum  are  found  in  the  epidermis 
of  the  leaf ;  these  crystals  can  readily  be  distinguished  from  those  of  oxalate  of 
lime  by  their  chemical  reactions  (cf.  §  25). 

The  mode  of  excretion  of  oxalate  of  lime  in  the  epidermis  is  of  varying 
systematic  value.  Spedal  crystal-idioblasts  are  characteristic  of  species  or 
genera.  Among  the  Anonaceae  oxalate  of  lime  (either  in  the  form  of  isolated 
or  dustered  crystals)  is  fomid  in  the  epidermis  in  most  of  the  species  and  there* 
fore  furnishes  a  useful  character  for  the  recognition  of  the  Order.  The  excre- 
tion of  oxalate  of  lime  in  the  form  of  adcmar  crystals  or  of  small  prismatic 
or  variously  shaped  crystals  is,  as  experience  has  shown,  of  trifling  systematic 
value. 

IIL  In  the  third  case  a  difierentiation  of  the  epidermis  is  brought  about 
by  the  presence  of  epidermal  cells  with  wide  lumina  among  cdls  of  the 
ordinary  size ;  the  large  cells  either  store  up  water  soldy  or  are  filled  with 
special  contents,  which  for  the  most  part  have  a  brown  colour  in  the  dry  leaf. 
Such  large  epidermal  cells,  serving  the  purpose  of  water-storage,  conuncmly 
form  rows  or  are  even  arranged  in  a  reticulate  manner  (Cruciferae,  Fig.  14,  p.  59); 
in  certain  Orders  they  are  differentiated  like  bladders  or  hairs  and  occasionally 
give  the  living  plant  the  appearance  of  being  covered  with  drops  of  dew. 

Epidermal  cells,  which  have  large  lumina  and  store  up  water,  but  are  not 
vesicular,  are  found  among  cells  of  the  normal  size  in  certain  Qrudferae,  Resedaceae, 
Elatineae  and  Malpighiaceae ;  vesicular  epidermal  cells  (see  also  §  31)  occur  in 
certain  Resedaceae,  CaryophyUeae,  Portulaceae,  Crassulaceae  (Fig.  70,  p.  321)  and 
Ficoideae  (Fig.  94,  p.  410) ;  tubidar  epidermal  cells,  filled  with  brown  contents 
(see  also  §  14),  are  present  in  certain  Violarieae,  Geraniaceae,  Saxifragaceae,  Crassu- 
laceae and  Euphoroiaceae ;  elongated  epidermal  cells,  described  as  mudlagenceUs 
(see  I  14),  are  found  in  Tropaeolum  (Geraniaceae). 

The  foUowing  anatomical  features  remain  to  be  mentioned  at  this  point  : 
the  spedal  epidermal  cells,  found  in  Anamirta  and  Arcangelisia  (Menispermaceae, 
Fig.  7^  B,  p.  41)  and  in  Gonocaryum  (Olacineae,  Fig.  48,  p.  204),  these  cells 
functioning  as  hydathodes ;  the  epidermis  of  the  leaf  of  Phyttackne  (Can- 
doUeaceae),  the  median  and  marginal  portions  of  which  are  composed  of 
prosenchymatous  cells ;  and  the  peculiar  ^oups  of  cells  in  the  lower  epidermis 
of  species  of  Limnanthemum  and  ViUarsia  (Grt^tianeae). 

§  3.  Hyfoderm  \  The  water-storing  epidermis  is  very  frequently 
(especially  on  the  upper  side  of  the  leaf)  supplemented  by  a  hypoderm,  which 
likewise  serves  for  the  storage  of  water.  A  hypoderm  may  originate  in  two 
ways,  viz.  in  some  cases  from  the  dermatogen,  in  other  cases  from  the  ground 
tissue.  Our  discussion  should  really  be  confined  here  to  the  hypoderm 
which  is  developed  from  the  integumental  tissue ;  such  a  hypoderm,  together 
with  the  epidermis,  is  styled  a '  many-layered  epidermis '  by  Pbtzer,  who  reserves 
the  term  '  hypoderm '  for  the  aqueous  tissue  arising  from  the  mesophyU. 

^  See  Pfitzer,  Hantgewebe,  in  Pringshetm  Jahrb.,  viii,  187a,  p.  j6  and  Tab.  vi. 
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Smce,  however,  the  source  of  the  hypodenn  is  usually  not  recognizable  in  the 
fully  developed  leaf  (as  is  shown,  for  example,  by  the  close  agreement  between 
the  hypoderm  of  Ilex  Aquifolium,  which  is  formed  from  the  mesophyll, 
and  that  o£  Ficus  dastica^  which  is  developed  from  the  epidermis),  both 
kinds  of  hypoderm  will  be  considered  together  here.  The  derivation  of  the 
hypoderm  from  the  epidermis  cannot  be  certainly  established  without  a  develop- 
mental investigation,  except  in  those  cases  in  which  the  lateral  walls  of  the 
epidermal  and  hypodermal  cells  correspond  with  one  another  even  in  the  mature 
leaf  (e«g.  in  certam  Connaraceae  and  Piperaceae,  which  have  a  typical  two-  or 
many-layered  epidermis). 

The  extent  of  development  of  the  hypoderm  varies.  In  the  simplest 
case  there  is  merely  a  tendency  towards  the  formation  of  a  hypoderm,  as 
shown  by  the  appearance  of  division- walls,  parallel  to  the  surface  of  the  leaf, 
in  a  varying  number  of  the  epidermal  cells*  When  a  parenchymatous  hypo- 
derm  of  one  or  more  layers  is  developed,  its  cells  often  contrast  with  the  epi- 
dermal cells  by  their  considerable  size.  Hypodermal  cells  of  the  parenchyma- 
tous type  have  a  polygonal  or  undulated  outline  in  surface-view  and  wails  of 
varying  thicloiess ;  in  mose  cases  in  which  the  latter  are  deUcate,  a  loss  of  water 
results  in  a  bellows-like  folding  of  the  lateral  walls  ;  in  other  cases  the  hypo- 
dermal cells  are  prismatic,  the  edges,  which  are  placed  at  right  angles  to  the 
surface  of  the  leaf,  being  relatively  strongly  thickened.  AU  these  differences 
in  the  character  of  the  hypodermal  cells  may  be  employed  for  systematic 
purposes  (cf.  the  Introduction).  The  same  applies  to  the  development  of  the 
hypoderm  on  both  sides  or  only  on  the  upper  or  lower  side  of  the  leaf.  Features 
deserving  spedal  mention  are  :  the  differentiation  of  a  coUenchymatous  hypo- 
derm in  the  axis  of  certain  Cacteae  (Fig.  90,  p.  407) ;  the  presence  of  a  Iwpoderm, 
developed  like  spongy  tissue,  in  the  leaf  of  Oedematopus  obovaius^  Tr.  et  H. 
(Guttiferae,  Fig.  27,  ^,  p.  122) ;  and  the  occurrence  of  a  sclerotic  hypoderm^ 
composed  of  fibrous  or  rod-shaped  cells  and  occasionally  connected  with  the 
sclerenchyma  of  the  veins,  in  the  leaves  of  certain  species  of  Berbms  and 
Mahonia  (Berberideae),  Ochrocarpus  (Guttiferae),  Elvasioideae,  Van  Tiegh. 
(Ochnaceae,  the  fibrous  cells  in  this  case  being  arranged  transversely),  Euphoria 
and  Ltidii  (Sapindaceae),  Connarus  (Connaraceae),  Cephalostigma^  Ligktfootia^ 
Merciera^  Microdon^  Prismatocarpus^  Roella  and  Wahlenber^ia  (Campanulaceae), 
Theophrasteae  (here  in  almost  all  the  species)  and  WeigeUia  (Myrsineae), 
Persea  (Laurineae),  Dryanita  (Proteaceae),  and  Artocarpus  (Moraceae). 

The  appearance  of  horizontal  wails  in  the  ej^idermal  cells,  which  leads  to  the 
differentiation  of  a  two-  or  many-layered  epidenms  in  the  Orders  marked  with  a  *, 
has  been  observed  in  certain  *Anonaceae,  Menispermaceae,  Bixineae,  *Pittosporeae, 
Vochysiaceae,  Malvaceae,  Rhaptopetalaceae,  Kutaceae,  Ilidneae,  *Celastiineae, 
*Rhainneae,  Sapindaceae,  Anacanuaceae  ?,  ^Connaraceae,  Saxifragaceae,  ^Crassu- 
laceae,  Rhizophoraceae,  Mdastomaceae,  Lythrarieae,  Cacteae  (axis),  Araliaceae, 
Comaceae,  Rubiaceae,  Ericaceae,  Epacrideae,  Myrsineae,  Sapotaceae,  Salvadoraceae, 
Apocynaceae,  Convolvulaceae,  Bicpioniaceae,  Sc^agineae,  *Fiperaceae,  Monimiaceae, 
Hemandiaceae,  Moraceae,  ♦Santalaceae. 

Hypoderm  is  found  in  certain  species  of  the  following  Orders  or  genera :  Dille- 
niaceae,  Magnotiaceae,  Anonaceae,  Menispermaceae,  Berberideae,  Capparideae^ 
Violarieae,  Qmellaceae,  Bixineae,  Pittosporeae,  Polygaleae,  Vochysiaceae,  Caryo- 
phyUeae  (observed  only  on  the  lower  side),  Portolaceae  {LensiOt  only  on  the  lower 
side),  Hyperidneae,  Guttiferae,  Temstroemiaceae,  Strasburgeria^  Ancistrocladus,  Lo- 
phira^  Monotes,  Chlaenaceae,  Malvaceae,  Stercuhaceae,  Tiliaceae,  Lineae,  Malpighia- 
ceae,  Geraniaceae,  Kutaceae,  Simarubaceae,  Ochnaceae,  Burseraceae,  Mefiaceae, 
Chai]letiaceae,01acineae,  Ilicineae,  Celastrineae,  Hippocrateaceae,  Corynocarpaceae, 
Rhamneae,  Sapindaceae,  Didiereae,  Anacardiaceae,  Connaraceae,  Papilionaceae, 
Caesalpinieae,  Kosaceae,  Saxifragaceae,  Hamamelideae,  Rhizophoraceae,  Combre- 
taceae,  Myrtaceae  sens,  str.,  Lecythidaceae,  Melastomaceae,  Lythrarieae,  Samyda- 
ceae,    Passifloraceae,    Cucurbitaceae,    Begoniaceae,    Datisceae,    Cacteae    (ans  I), 
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Umbelliferae,  Araliaceae,  Comaceae,  Rubiaceae,  Dipsaceae*  Compoaitae»  Campanu- 
laceae,  Vacdniaceae,  Ericaceae,  Epacrideae,  Myrsineae,  Sapotaceae,  Ebenaceaer 
Styraceae,  Oleaceae,  Salvadoiaceae,  Apocynaceae,  Asdepiadeae,  Loganiaoeae, 
Scrof^alarineae,  Columelliaceae,  Gesneraceae,  Bignoniaceae,  Acanthaceae,  Verbena- 
ceae,  Labiatae,  Nyctagineae,  Amarantaceae,  Fhytolaccaceae,  Polygonaceae,  N^>en- 
thaceae,  Axiatolochiaceae,  Piperaceae  (Fig.  168,  p.  689),  Chloranthaoeae,  Myiistica- 
ceae»  Monimiaceae,  Laurineae,  Hernandiaceae,  Gomortegaceae,  Pnyteaoeae^ 
Elaeagnac^!»e,  Loranthaceae,  Santalaceae»  Euphorbiaceae,  Balanopeeae*  Ubnaoeae, 
Moraceae*  Urticeae,  Leitnerieafe,  Myricaceae,  Cupuliferae,  Salidneae. 

§  4.  Stomata  \  Among  the  manifold  structural  differences,  which  accom- 
pany the  appearance  of  stomata,  the  mode  of  attachment  of  the  epidermal  cells 
sorromiding  the  stomata  to  the  ^drs  of  guard-cells  has  proved  to  be  of  the 
greatest  systematic  importance.  This  feature  is  intimately  connected  with  the 
course  of  development  of  the  stomata  from  the  cells  of  the  dermatogen. 
As  r^rds  the  mode  of  development  we  may,  in  agreement  with  PrantU 
especially  distinguish  the  following  cases  : 

I.  Ine  mother-cell  of  the  pair  of  guard-cells  is  formed  by  the  first  division- 
wall*. 

(a)  The  stomatal  apparatus  is  completed,  as  soon  as  the  pair  of  guard- 
cells  is  differentiated  (Rammcolaceoua  type). 
(6)  In  other  cases  accessory  subsidiary  cells  are  formed  by  secondary 
divisions  in  the  surrounding  cells. 

(a)  These  divisions  are  coimned  to  two  neighbouring  cells,  situated 
at  the  sides  of  the  mother-cell  of  the  guard-cells  (false  Rnfaia- 
ceous  type ;  in  many  Monocotyledons,  certain  Portulaceae 
and  Proteaceae),  or 
09)  they  take  place  in  four  or  more  of  the  neighbouring  cells  (in 
Coniferae,  Cycadeae,  Monocotyledons,  but  also  in  Ficus). 

II.  The  formation  of  the  mother-cell  of  the  guard-cells  is  preceded  by  the 
development  of  cells,  subsidiary  to  the  pair  of  guard-cells.  The  number  of 
preparatory  divisions  varies. 

(a)  The  preparatory  divisions  take  place  in  two  directions. 

(o)  The  division-wall  in  the  mother-cell  of  the  guard-cells  runs 

{parallel  to  the  walls,  formed  during  the  preparatory  divisions, 
n  this  case  the  pairs  of  guard-cells  are  accompanied  on 
either  side  (i.e.  to  the  right  and  left)  by  one  or  more  subsidiary 
cells,  which  are  placed  parallel  to  the  pore(Rttbiaceoii8  type); 
the  subsidiary  cells  in  stomata  of  this  type  are  either  m^ely 
arranged  parallel  to  the  guard-cells  (ana  also  to  one  another, 
when  more  than  two  subsidiary  cells  are  present),  or  partly 
surround  one  another ;  if,  in  the  latter  case,  there  are  several 
subsidiary  ceUs,  a  right-hand  or  left-hand  subsidiary  cell, 
as  seen  in  surface- view,  is  alternately  in  part  enveloped  by 
one  situated  to  the  left  or  to  the  right  respectivdy 


*  Stiasbnrger,  in  Pringsheim  Jahrb.,  v,  1866-7,  p.  297  and  Tab.  xxxt-kIiI;  Praad,  in  Flora, 
187a,  p.  305  and  Tab.  vi ;  De  Bary,  VergL  Anat,  1877,  p.  ^a ;  Immich,  in  Flora,  1887,  p.  435; 
Vesqne,  in  Bull.  Soc.  bot.  de  France,  1889,  P*  ^^^^U  Boiecke,  in  Hot  Zeit,  189a,  p.  531  and 


Tab.  Till ;  [Tognini,  in  Atti  1st.  bot.  Payia,  ler.  ii,  yol.  iv,  1894, 4a  pp.,  3  Tab. ;  abstr.  in  Just,  1894, 
p.  466,  and  Bot.  Centralbl.,  Beih.,  1894,  p.  423] ;  Westermaier,  in  Fotachrift  fui  '^  ' 
p.  03 ;  Ponch,  Der  Spaltoflnungaipparat  im  Licbte  der  Phylogenie,  Jena,  1905, 


The  term  *  stomata '  is  osed  in  this  book  to  mean  the  same  as  '  pair  of  gnard-cells.'  "When  tiie 
epidermal  cells  snrronnding  the  stomata  are  distingnished  from  the  remaining  cells  of  the  epidermis 
fay  having  a  special  shape  or  by  their  arrangement,  they  are  spoken  of  as  snbsidiary  cells,  bat  in  all 
other  cases  as  neighbouring  cells. 

*  In  the  following  synopsis  I  have  not  inclnded  the  case,  in  which  the  mother-cell  of  the  pair  of 

Stard^sdls  arises  directly  from  a  cell  of  the  dermatogen  (regarding  this  point,  see  Tognini,  loc  cit.) ; 
is  has  been  recorded  by  Briosi  and  Tognini,  bat  occurs  very  rardy. 


STRUCTURE  OF  THE  LAMINA  OF  THE  LEAF  1079 

{ft)  The  division-wall  in  the  mother-cell  of  the  guard-cells  is  placed 
at  ri^ht  an^es  to  the  walls,  formed  dming  the  preparatory 
divisions.    The  guard-cells  are  then  accompanied  by  two  or 
more  subsidiary  cdls»  which  are  arranged  transversely  with 
reference  to  the  pore  (Caryophylleous  type).    The  mode  of 
attachment  of  the  subsidiary  cells  varies  in  the  same  way 
asino. 
(b)  The  preparatory  divisions  take  place  in  three  directions.    This 
results  in  a  stomatal  apparatus,  in  which  the  guard-cells  are 
surrounded  by  one  or  more  rings,  each  consisting  of  three  sub- 
sidiary cells  (Cruciferous  type). 
The  tyoes  just  mentioned  are  occasionally  characteristic  of  certain  Orders, 
as  indicated  akeadybythenamesgiventothembyVesque,  while  in  other  cases 
they  are  constant  only  for  a  genus  or  a  ^oup  of  spedes,  or  merely  for  a  single 
species.    Spedes  are,  moreover,  known,  m  which  two  different  tvpes  of  stomata 
occur  side  by  side  on  one  and  the  same  surface-section  (see  Selagineae,  Verbe- 
naceae,  Labiatae,  &c.).    The  combination  of  two  types  in  the  same  stomatal 
apparatus  is  very  rare  {SUviafUhus,  CaprifoHaceae).    Lastly,  in  employing 
these  types  for  systematic  purposes,  it  is  important  to  bear  in  mind  uiat, 
acccNTding  to  Tognini's  investigations,  the  development  of  the  stomata  on  the 
various  organs  (e.g.  foliage-lea^  cotyledon,  petal,  stem)  of  the  same  plant- 
species  may  either  be  identical  or  may  vary. 

The  utilization  of  the  different  types  of  stomata  for  systematic  pur- 
poses is  involved  in  great  difficulties  in  practice,  since  these  types  can  be 
determined  with  certainty  only  by  a  study  of  the  course  of  development  of  the 
stomata,  and  are  very  commonly  sutogeth^  unrecognizable  in  the  mature  leaf.  In 
a  fully  grown  leaf  the  true  Rubiaceous  type  is  often  indistinfi[uishable  from  the  false 
one,  and  similarly  the  Ranunculaceous  type  can  frequently  not  be  distinguished 
from  the  Cruciferous  type ;  a  stomatal  api>aratus  of  the  Kanunculaceous  type, 
in  which  the  edges  of  the  U-shaped  division-wall  touch  the  common  waU  of 
contact  between  two  epidennal  cells,  looks  like  a  stomatal  apparatus  of  the 
Caryophylleous  type  (false  Caryophylleous  type) ;  a  stomatal  apparatus  of  the 
Caryophylleous  type,  in  which  the  breadth  of  the  pair  of  guard-cells  is  equivalent 
to  that  of  the  mother-cell  of  the  whole  stomatal  apparatus,  or  in  wnich  the 
guard-cells  have  come  to  lie  next  to  one  of  the  longitudinal  walls  of  the  mother- 
cell,  shows  more  than  two  cells  in  the  immediate  neighbourhood  of  the  pair  of 
guard-cells,  and  so  on.  In  the  following  review  it  is  therefore  not  possible  to 
distinguish  more  than  the  following  types :  (i)  Stomata  without  subsidiary 
cells,  and  having  three  or  more  neighbouring  cells,  arranged  as  in  the  Cruciferous 
or  Ranunculaceous  types ;  (2)  Stomata  with  subsidiary  cells,  which  are  placed 
parallel  to  the  pore  (true  and  false  Rubiaceous  types) ;  (3)  Stomata  with  sub- 
sidiary cells  lying  transversely  to  the  pore  (true  and  false  Caryophylleous  types); 
(4)  Stomata  m  which  the  Cruciferous  type  is  prominent  in  the  mature  leaf. 

The  discrimination  of  the  types  of  stomata  themselves  is  a  task,  which  is 
far  from  being  completed ;  its  solution,  even  though  of  no  practical  importance 
in  the  determination  of  plants,  will  nevertheless  be  of  great  value  in  connexion 
with  the  natural  system  of  classification. 

I.  Stomata  having  no  subsidiary  cells  and  conforming  to  the  Cruciferous  or 
Ranunculaceous  types ^  are  found  in:  Ranunculaceae,  niliemaceae  pro  parte, 
Trochodendraceae,  Memspermaceae  pro  parte,  Berberideae  (subsidiary  cells  arranged 
in  the  form  of  a  rosette  in  Berbendopsis\  Nymphaeaceae,  Sarraceniaceae,  Papa- 
veraceae,  Fumariaceae,  Cruciferae  pro  parte,  Capparideae,  Resedaceae,  Cistineae^ 


^  Under  1 1  have  also  taken  into  consideration  the  few  cases,  in  which  more  than  three  sabsidiaiy 
cdls  are  known  to  oocnr  in  contact  with  the  pair  of  gnard-cells. 
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Violarieae  pro  parte,  Bixineae  pro  parte,  Tremandreae,  Pdlygaleae  pro  parte, 
Vochysiaceae  pro  parte,  Frankeniaceae,  CaryophyUeae  pro  parte,  Ix>rtalaceae 
pro  parte,  Tamaxiscineae  pro  parte,  Klatineae,  Hypericineae  pro  parte.  Tern- 
stroemiaceae  pro  parte  (sometimes  with  subsidiary  cells),  Sirasburgma,  Diptero- 
carpeae  (in  most  cases),  Ancistrocladus^  Lophifa^  AionoteSt  Chlaenaceae,  Malvaceae, 
Triplochitonaceae,  Sterculiaceae,  Tiliaceae,  Humiriaceae  pro  parte,  Zygophylleae* 
Genmiaceae  pro  parte,  Rutaceae  (in  most  cases,  also  suosid.  cells  in  a  rosette), 
Simanibaceae  (in  most  cases),  Burseraceae,  Meliaceae,  Oladneae  pro  parte, 
Octocnemaceae,  Ilidneae,  C3nrilleae,  Celastrineae  pro  parte  (also  subsid.  cells  in  a 
rosette),  Hippocrateaceae,  Stackhousieae,  Rhamneae  pro  parte,  Ampelidaceae,  Saptn- 
daceae  (in  most  cases),  Hippocastanaceae,  Aceraceae,  McSianthaceae,  Staphyleaceae, 
Sabiaceae,  Anacardiaceae,  Moringeae,  Connaraceae  pro  parte,  Papilionaceae  pro  parte 
(also  snbsid.  cells  in  a  rosette),  Caesalpinieae  pro  parte,  Rosaoeae  pro  parte,  Crosso- 
somataceae,  Saxifra^^aceae  pro  parte,  Crassulaceae  (rare),  Droseraceae  (excL  Byblis)^ 
MyrothamnuSf  Brumaceae,  Halorageae,  Rhizophoraceae,  Combretaceae,  Myrtaceae 
sens,  str.,  Lecytbidaceae  pro  parte,  Melastomaceae  pro  parte,  Lythrarieae  mo  parte 
(also  subsid.  cells  in  a  rosette),  Onagrarieae,  Samydaceae  pro  parte,  Loaaeae, 
Tumeraceae  pro  parte,  Passifloraceae,  Papayaceae,  Cucurbitaceae,  Datisceae, 
Ficoideae  pro  parte,  Umbelliferae  pro  parte,  Araiiaceae  pro  parte,  Comaceae,  Capii- 
foliaceae  (excL  SilviatUhus),  Valenaneae,  Dipsaceae  pro  parte,  Calycereae,  Compo- 
sitae,  Candolleaceae  pro  parte,  Goodeniaceae  pro  parte,  Campanulaceae  incL 
Lobeliaceae  (excL  Peniafhragma\  Ericaceae  (in  most  cases),  Epacndeae,  Diapensia- 
ceae,  Lennoaceae,  Plumoagineae  pro  parte,  Primulaceae,  Myrsmeae,  Sapotaceae  pro 
parte,  Ebenaceae,  St3rraceae  pro  parte,  Oleaceae  (in  most  cases),  Salvadoraceae  pro 
parte,  Asdepiadeae  pro  parte,  Lpganiaceae  pro  parte,  DesfotUainea^  Plocosperma^ 
Gentianeae,  Polemoniaceae,  Hydrophyllaceae,  Boragineae  pro  parte,  Convolvu- 
laceae  pro  parte,  Solanaceae  pro  parte,  Lanchostoma,  Scrophnlarineae,  Orobancha- 
ceae,  Lentibularieae  pro  parte,  Colomelliaceae,  Gesneraceae  pro  parte,  Bignoniaceae 
pro  parte,  Pedalineae  pro  parte,  Myoporineae  pro  parte,  Zambianot  Selagineae 
(on  tne  same  surface-section  sometimes  also  subsid.  cells,  placed  parallel  or  trans- 
versely to  the  pore),  Verbenaceae  pro  parte,  Labiatae  pro  parte,  Plantagineae  pro 
parte,  Nyctagineae  pro  parte,  Illecebraceae  pro  parte,  Amarantaceae,  Chenopodia- 
ceae  pro  parte,  Phytolaccaceae  pro  parte,  Folygonaceae  pro  parte,  Nepenthaoeae, 
Aristolochiaceae,  Piperaceae  pro  parte,  Chloranthaceae  pro  parte  (sometimes  with 
subsid.  cells  arranged  in  a  rosette,  or  with  one  or  other  subsidiary  cell  parallel  to 
the  pore),  Monimiaceae  pro  parte,  Hemandiaceae  pro  parte,  Thymelaeaceae  (papillose 
^bsid.  cells,  arranged  uke  a  rosette,  in  certain  species  of  Daphne)^  Penaeaceae, 
Elaeagnaceae,  Santelaceae  (sometimes  side  by  side  witiistomata  with  parallel  subsid. 
cells),  Mygodendrotif  Grubbia,  Euphorhiaceae  pro  parte,  Buxaceae  (also  subsid.  cells 
arranged  in  a  rosette),  Balanopseae,  Ulmaceae  pro  parte,  Cannabineae,  Moraceae  pro 
parte  (rarely  subsid.  cells  in  a  rosette),  Urticeae  pro  parte,  Platanaceae,  Juglandeae, 
Mjrricaceae,  Cupuliferae,  Ladstemaceae,  Empetraceae. 

2.  Stomata  with  sabaidiary  cells,  lying  parallel  to  the  pore,  occur  in:  DiUenia- 
ceae  pro  parte,  Calycanthaceae  (Fig.  3,  B,  p.  25 ),  Magnoliaceae  (occasionally  indistinct 
among  tne  Schizandreae),  Anonaceae,  Menispermaceae  (rare),  Violarieae  pro  parte 
(often  obscured),  Canellaceae  (partly  obscured),  Bixineae  pro  parte,  PittospOTeae, 
Polygaleae  pro  parte,  Vochysiaceae  pro  parte,  Portulaceae  (almost  of  generafoccur- 
rence,  true  and  mise  Rubiaceous  types.  Fig.  26,  B,  p.  1 1 2),  Tamariscineae  pro  parte  ( ?), 
Hypericineae  pro  parte,  Guttiferae  (Fig.  27,  C,  p.  122),  Temstroemiaceae  pro  parte, 
Dipterocarpeae  pro  parte  (rare),  Lmeae,  Humiriaceae  pro  parte  (indistinct),  Mal- 

S'ghiaceae,  Geraniaceae  pro  parte,  Rutaceae  pro  parte  (rare),  Simanibaceae  (rare), 
chnaceae  (always  ?),  Chailletiaceae  (Fig.  46,  p.  198),  Olacineae  pro  parte,  Celastrineae 
pro  pagte,  Corynocarpaceae,  Rhamneae  pro  parte,  Sapindaceae  pro  parte  (very  raro), 
Coriarieae,  Connaraceae  pro  parte,  Papilionaceae  pro  parte,  Caesalpinieae  pro  parte, 
Mimoseae,  Rosaceae  pro  parte  (Chrysobalaneae),  Saxifragaceae  pro  parte,  Byhiis^ 
Hamamelideae,  Osirearia,  Mjrrtaceae  sens.  str.  pro  parte,  Lecytbidaceae  pro  parte, 
Melastomaceae  pro  parte,  Samydaceae  pro  parte,  Tumeraceae  pro  parte,  Cacteae, 
Ficoideae  pro  parte,  Umbelliferae  pro  parte  ^Kdth  transitions  to  the  Caryophylleons 
type),  Araiiaceae  pro  parte,  Rubiaceae  (Fig.  loi,  p.  446),  Candolleaceae  pto 
n^rte,  Goodeniaceae  pro  parte  (four  subsidiary  cells,  as  in  Tradescaniia)^  Vacdniaceae, 
Ericaceae  pro  parte  (rare),  Plumbagineae  pro  parte,  Sapotaceae  pro  parte,  Styra- 
ceae  pro  parte,  Oleaceae  pro  parte  (rare),  Salvaaoraceae  pro  parte,  Apocynaceae  (in 
most  cases),  Asclepiadeae  (in  most  cases),  Loganiaceae  pro  parte,  Convolvulaccae 
pro  parte,  Bignoniaceae  pro  parte,  Selagineae  (see  under  i ),  Nyctagineae  pro  parte. 
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Chenopodiaceae  pro  parte,  Baadlaceae,  Phytolaccaceae  pro  parte,  Batideae^  Poly- 
gonaceae  pro  pd^te,  Chloranthaceaa  pro  parte,  Myristicaceae»  Monimiaceae  pro 
mrte,  Laurineae,  Hemandiaceae  pro  pi^te,  Gomortegaceae*  Proteaceae  (false 
Rubiaceoiia  type),  Loranthaceae,  Santalaceae  (in  most  cases),  Champereia,  Euphor- 
biaceae  pro  parte,  Daphniphyllaceae,  Ulmaceae  pro  parte,  Thelygoneae,  Casuarineae 
(Fig.  180,  p.  788),  Safidneae. 

3.  Stomata  with  sntwidiary  cells,  lying  transversely  to  the  pors»  occur  in : 
Caryophylleae pro  parte  (with  exceptions.  Fig.  25,  C,  p.  108),  Melastomaceae  pro  parte 
(in  part  at  least  false  Caryoi>hyUeoii8  type,  guard-cells  occasionally  almost  completely 
surrounded  by  a  single  epidermal  ceu),  Solanaceae  pro  parte  (side  by  side  with 
other  typc8)f  Lentibularieae  pro  parte,  Bignoniaceae  pro  parte,  Acanthaceae 
(Fig.  144*  A9  p.  615),  Verbenaceae  pro  parte,  Labiatae  pro  parte  (Fig.  152,  D, 
p.  038)»  Plantagineae  pro  parte,  lUecebraceae  pro  parte. 

4.  Stomate,  in  which  the  pronounced  Cmcif erons  type  is  still  recognizable  in 
the  mature  leaf,  are  found  in  ^ :  Crudf erae  pro  parte,  ^zmeae  pro  parte,  Rhapto- 
petalaceaepro  parte,  Rhamneae  pro  parte,  Staphyleaceae  pro  parte,  Papilionaoeae 

So  parte,  Crassulaceae  (in  most  cases.  Fig.  70,  ^4,  p.  321),  Lecythidaceae  pro  parte, 
elastomaceae  pro  parte,  Lytiirarieae  pro  parte,  Samydaceae  pro  parte.  Begonia- 
ceae,  Araliaceae  pro  parte,  Dipsaceae  pro  parte,  Peniaphragma  (Campanulaceae), 
Brachynema,  Apocynaceae  pro  parte,  Asdepiadeae  pro  parte,  Loganiaceae  pro  parte, 
Boragineae  pro  parte,  Convolvulaceae  pro  parte,  Solanaceae  pro  parte,  Gesneraceae 
pro  parte,  Bignoniaceae  pro  parte,  PedaUneaepro parte,  Myoporineae  pro  parte, 
Verbenaceae  pro  parte,  laperaceae  pro  parte,  Euphorbiaceae  pro  parte,  Moraceae 
pro  parte,  Urticeae  pro  parte. 

The  shape  of  the  guard-cells  and  the  detailed  structure  of  their  walls 
likewise  appear  to  be  features  of  great  systematic  importance,  although  hitherto 
little  attention  has  been  paid  to  them  in  papers  dealing  with  systematic  anatomy 
or,  for  the  matter  of  that,  in  Dicotyledons  generally.  In  this  connexion  the 
following  features  chiefly  require  to  be  considered  :  the  contour  of  the  pairs  of 
guard-cdls  and  the  shape  of  the  front  cayity,  when  seen  from  the  surface ;  the 
structure  of  the  back  cayity  ;  the  varied  character  and  chemical  nature  of  the 
unequal  thickening  of  the  walls  of  the  guard-cells,  and  the  corresponding 
differences  in  the  shape  of  their  lumina ;  lastly,  the  thickening  ridges  which 
arch  over  the  front  and  back  cavities,  these  ridges  beinf  for  the  most  part 
strongly  cuticularized,  and  the  more  or  less  strongly  developed  epidermal 
joints,  found  on  either  side  of  the  guard-cells'. 

These  features  have  been  examined  chiefly  in  the  Monocotyledons,  Gymno- 
sperms  and  Mosses.  The  '  Gramineous  type,'  first  demonstrated  by  Schwendener 
in  the  Gramineae  and  Cyperaceae,  is  primarily  characterized  by  the  fact  that  the 
two  guard-cells  are  dumbbell-shaped,  Le.  they  are  low  and  flat  in  the  middle  region 
and  enlarged  at  both  ends.  The  outer  and  inner  walls  of  the  middle  portion  of 
the  guard-ceUs  are  distinguished  by  having  strong  thickening  ridges,  which  are 
not,  as  is  elsewhere  the  case,  approximated  to  the  ventral  side,  but  take  up  the 
entire  breadth  of  the  middle  ^xt  and  merge  gradually  into  the  thin  walls  of  the 
enlarged  ends  of  the  guard-cells;  as  a  result  the  middle  part  of  the  guard-cell, 
when  seen  in  a  transverse  section,  shows  a  slit-shaped  lumen,  which  is  placed  trans- 
versely. The  front  cavity,  as  seen  in  surface-view,  has  an  hexagonal  outline  with 
two  longer  sides,  which  are  placed  parallel  to  the  direction  of  the  pore.  In 
addition,  there  are  two  subsidiary  cells,  which  have  thin  walls  and  lie  parallel  to  the 
pore. — The  Gjrmnospermons  type  is  particularly  characterized  by  the  fact  that  the 


'  The  following  enamermtioo  is  not  exbanstive^  among  other  reasons,  becanse,  in  the  case  of  the 
material  hitherto  investigated,  there  are  freqnenlly  enough  no  |)recise  data,  as  to  whether  the  three 
epidermal  cells,  snrroimding  the  pair  of  guard-cells,  are  (Offerentiated  as  sabsidiary  cells  or  not. 

*  Schwendener,  Ban  n.  Mechanik  d.  Spaltoffn.,  Monatsber.  Berliner  Akad.,  1881,  p.  835; 
Mahlert,  Anat.  d.  Laubbl.  der  Coniferen,  &&,  Bot.  Centralbl.,  1885,  iv,  p.  54;  Haberlandt,  Anat.  n. 
Phys.  der  Lanbmoose^  in  Pringsheim  Jahrb.,  xvii,  1886,  p.  359  and  Tab.  xzyi;  Schwendener, 
Spaltoffo.  d.  Gramineen  n.  Cyperaceen,  Sitz.-Ber.  Berliner  Akad.,  1889,  p.  65  ;  Copeland,  Mechanism 
of  stomata,  Ann.  of  Bot,  xvi,  1903,  p.  327;  Bvck,  Vergl.  Anat.  des  Dnrchliiftungssyst.,  Diss., 
Freibnrg  L  Br.,  190a  ;  see  especially  Porsch,  loc.  ctt.,  pp.  5,  ai ,  and  33  et  seq.  and  the  literature  cited 
in  this  paper. 
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ffuard-cells,  as  seen  in  a  median  transverse  secticMi,  have  the  shape  of  an  eUipse*  the 
k>nfiitadinal  axis  of  which  is  inclined  approximately  at  an  angle  of  45^  to  the  surface 
erf  me  organ ;  other  characteristic  features  are  that  the  outer  walls  are  mostly  more 
strongly  thickened  than  the  inner  walls,  and  that  as  a  rule  both  walls — ^rarely  the 
outer  walls  alone — include  a  lignified  lamella. — ^The  chief  points  to  mentkm  regarding 
the  Mnsdneous  type  are  that  the  thickening  ridges  on  the  front  and  back  cavities 
are  not  typically  differentiated,  and  that  not  uncommonly  the  guard-cdla  undergo 
fusion  or  uie  stomatal  apparatus  consists  of  three  or  four  cells. 

As  has  already  been  stated  above,  there  are  very  few  observations  dealing  with 
Dicotyledons  from  this  point  of  view.  The  outline  of  the  pair  of  guard-cells  is 
mierally  elliptical  or  circular,  the  an^lar  outline,  found  in  tne  Papaveraceae  and 
Fumariaceae,  being  remarkable.  Thickening  ridges,  like  the  flaps  of  an  envdope 
and  resembling  those  present  in  Cyperaceae  and  Gramineae,  are  not  at  all  rare  in  tne 
guard-cells  of  Dicotyledons  (e.fl[.  m  the  Celastrineae  according  to  Metz).  Similar 
types  of  structure  are  produced  by  the  i»«sence  of  thin  areas  in  the  walls  of  the 
guard-cells,  these  thin  portions  being  round  or  of  other  shapes  and  occupsring  the 
same  polar  position  as  in  Gramineae,  &c. ;  they  occur  in  the  Hippocrateaceous 
genera  Hippocratea  and  Salacia  (according  to  F.  £.  Fritsch),  in  many  Ericaceae 
(according  to  Copeland),  and  in  the  Solanaceous  genus  Trianaea  (here  comma- 
shaped,  according  to  Solereder).  Other  noteworthy  features  are  constituted  by 
the  splitting  of  the  outer  appendicular  ridges  ('  horns ')  on  the  guard-cells  into  two 
lidges,  so  that  the  front  cavity  becomes  divided  into  an  outer  and  an  inner  compart- 
ment (in  certain  Rhisophoraceae),  and  the  deposition  of  cutine-lamellae,  which 
correspond  in  all  respects  (see  Porsch,  loc.  dt.)  to  the  lignified  lamellae  of  Gymno- 
sperms  (see  above),  in  the  outer  and  inner  waUs  of  the  guard-cells  in  the  Casuarineae. 
Schwendener  refers  also  to  a  well-known  type  of  structure,  which  is  shown  by  the 
^ard-cells  of  Hellebarus  and  is  figured  in  Sachs's  and  Haberlandt's  textbooks ; 
similarly  Porsch,  in  the  work  cited  in  the  footnote  on  p.  1079,  describes  a  certain 
type  of  structure,  exhibited  by  the  guard-cells  in  the  phyllodineous  Acacias  and  in 
Eucalyptus, 

At  this  point  mention  may  also  be  made  of  peculiar  processes  on  the  walls 
of  the  guard-cells,  as  seen  in  surface-view ;  these  processes  take  the  form  of  lobes 
or  have  some  other  shape,  and  are  found  in  certain  Trochodendraceae,  Berberideae, 
Geraniaceae  (Fig.  39,  A,  p.  170),  Sabiaceae  (according  to  Dihm  in  Beih.  z.  Bot. 
CentralbL  xxi,  Abt.  i,  1907),  Laurineae  and  Penaeaceae  (Fig.  175,  p.  723);  thejr 
occasionally  occur  also  when  the  ordinary  emdermal  cells  have  jagged  lateral  walls 
with  ridge-like  thickenings  in  the  angles.  The  distinctive  shape  of  the  guard-cells 
in  certain  floating  plants  (Nymphaeaceae,  Trapa)^  when  seen  in  a  transverse  section, 
is  a  biological  feature;  the  closure  of  the  pore  in  these  forms  is  not  brought  about 
by  contact  of  the  protruding  ventral  walls,  but  by  means  of  the  outer  cuticniar 
ridges,  which  are  much  broadened. 

The  size  and  number  of  the  stomata,  especially  in  extreme  cases  (very 
large  or  very  small  stomata,  occasionally  even  stomata  of  two  sizes  on  the  same 
leaf-surface ;  further,  very  many  or  very  few  stomata,  which  in  the  former  case 
together  with  the  neighbouring  or  subsidiary  cells  form  almost  the  entire 
epidermal  surface),  may  be  employed  for  the  diagnosis  of  species  and  occasion- 
ally even  of  more  extensive  taxonomic  groups.  A  complete  reduction  of  the 
stomata  on  the  leaves  or  on  other  organs  as  well  is  found  only  in  certain  (not 
all)  plants,  which  are  submerged  or  lead  a  saprophjrtic  or  holoparasitic  life. 
When  stomata  occur  in  such  plants,  they  are  mostly  present  only  in  small 
numbers,  and  as  a  rule  merely  owe  their  presence  to  inheritance ;  they  are 
functionless,  and  in  correspondence  with  this  they  often  show  a  reduced  type 
of  structure  and  are  occasionally  provided  with  special  arrangements  for  the 
closure  of  the  pore  K 

Complete  absence  of  stomata  has  been  recorded  :  in  the  submerged  leaves  of 
Ranunculus  §  Batrachium,  Nymphaeaceae  pro  parte  and  Halorageae  pro  parte ;  in 
Aldrovanda^  Podostemaceae,  and  Ceratophylleae ;    in  some  of  the  saproph3rtlc 

'  Porsch,  Spaltdflnangsapparat,  pp.  47-90 ;  Ponch,  Spaltdfibnnggapparate  mbmener  PfUnzen- 
teile,  Sitz.-Ber.  Wiener  Akad.,  cxii,  Abt.  i,  1903,  p.  97. 
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lionotropeae ;   and  lastly,  in  the  parasitic  Orobanchaceae  pro  parte,  Cytinaceae 
pfo  parte  and  Balanophoreae  pro  parte. 

The  distrltmtion  of  the  stomata  on  the  two  surfaces  of  the  leaf  ^  varies. 
It  generally  depends  on  the  structure  of  the  leaf,  since  leaves  showing  centric 
or  homogeneous  structure  (especially  those  which  are  centric  and  are  placed 
in  a  vertical  position)  in  most  cases  bear  stomata  on  both  surfaces,  while  in 
leaves  with  typical  bifacial  structure  the  stomata  are  generally  confined  to  the 
lower  side,  when  stomata  are  present  on  both  sides  of  the  leaf,  they  are 
mostly  more  numerous  on  the  lower  than  on  the  upper  side,  although  the  reverse 
is  sometimes  the  case.  Even  though  as  a  general  rule  these  features  are  only 
of  value  for  specific  diagnosis,  the  exclusive  occurrence  of  stomata  on  the 
lower  side  of  the  leaf  is  occasionally  characteristic  of  entire  Orders  of  varying 
magnitude  (Dipterocarpeae,  Hamamelideae,  Begoniaceae).  No  great  systematic 
value  can  be  attributed  to  the  occurrence  of  isdated  stomata  in  the  neighbour* 
hood  of  the  veins  on  the  upper  side  of  the  leaf.  The  floating  leaves  found  in 
some  species  of  Ranunculus^  the  Nymphaeaceae  (also  on  the  leaves  of  Nelum- 
biurn^  which  are  not  floating,  see  Introduction,  p.  9,  footnote  i),  CaUitriche 
(Halorageae),  Trafa  (Qnagrarieae),  Limnanthemum  (Gentianeae),  Trapella 
(Pedalineae)  and  Polygonum  naturally  bear  stomata  only  on  the  upper  side.  Even 
in  terrestrial  plants,  however,  the  stomata  are  sometimes  confined  to  the  upper 
aide  of  the  leal.  In  some  cases  (e.^.  in  the  leaves  of  Lepidophyllum  or  Possmno, 
which  are  adpressed  to  the  stem,  or  m  the  indupUcate  leaves  ot  certain  Podalyrieae 
and  of  Hemtpkragma)  this  peculiar  distribution  is  connected  with  the  formation 
of  spaces,  which  contain  the  stomata  and  are  not  reached  by  the  wind ;  in  other 
cases,  as  in  the  leaves  of  certain  species  of  Lytkrum^  Pkiloxerus^  Pilea  and 
Euphorbia,  it  is  related  to  the  differentiation  of  aqueous  tissue  in  the  lower  part 
of  the  leaf ;  in  other  cases  again  (species  of  Geoffroya)  the  restriction  of  the 
stomata  to  the  upper  side  is  inexphcable.  The  same  arrangement  of  the  stomata, 
combined  with  other  remarkable  pecuUarities  in  their  distribution,  is  found 
also  in  certain  Mimoseae,  where  these  features  are  connected  with  the  assumption 
of  the  sleep'position.  The  curious  distribution  of  the  stomata  in  certain 
saxifrages  may  also  be  briefly  referred  to  at  this  point. 

Stomata,  which  are  situated  exclusively  on  the  upper  side,  are  found  (apart 
from  the  floating  leaves  already  discussed)  in  the  followmg  land-plants :  Antarctic 
species  of  Caliha  (which  have  curiously  shaped  leaves),  species  of  Viola^  species  of 
Myricaria  and  Tamarix  (Tamanscineae),  ueoffroya  spinosa^  Jacq.  and  species  of 
DtUtvynia,  Eutaxia,  Pultenaea,  Coelidium  (Papilionaceae),  certain  Aumoseae, 
species  of  Brunia  f,  Lonchostoma,  Pseudobaeckea  and  Raspalia  (Bruniaceae),  Epi- 
lobium  crassum^  Hook.  f.  (Onagrarieae),  species  of  CandoUea  (CandoUeaceae), 
Hedraeanthus  Pumilio,  Porta  (Campanulaceae),  Lepidophyllum  (Compositae), 
Cassiope  (Ericaceae),  Leucopogon  (Epacrideae),  Hemiphragma  and  Lathraea  (in  the 
latter  genus  on  the  'scale-leaves,'  Scrophularineae),  Philoxerus  (Amarantaceae), 
Passerina  (Thymelaeaceae),  Euphorbia  huxifolia^  Pilea  serpyllifolia  (Urticeae). 

The  arrangement  of  the  stomata  with  respect  to  one  another,  as  seen 
in  surface-view,  is  well  known  to  be  quite  irregular  in  most  of  the  Dicotvledons. 
In  exceptional  cases  the  stomata  lie  with  their  pores  directed  parallel  to  one 
another,  and  at  the  same  time  parallel  to  the  median  vein  of  the  leaf,  as  is  the 
general  rule  among  Monocotyledons ;  such  an  arrangement  occurs  chiefly  in 
species  having  narrow  leaves  or  leaflets.  Another  speciallv  remarkable  case 
is  obtained,  wh^  the  pores  of  the  stomata  are  placed  parallel  to  one  another, 
but  at  the  same  time  lie  transversely  to  the  nudrib  of  the  leaf ;  and  it  may 
at  once  be  added,  that,  when  stomata  are  present  on  the  axis  of  such  plants, 
they  are  placed  transversely  to  the  vertical  direction. 

^  Fr.  Darwin,  Bloom  on  leaves  and  distiibation  of  the  itomata,  Jonm.  Linn.  Soc,  zzxii,  1887, 
pi  99;  Kohne,  Obeneit.  Spaltoffik  auf  Lanbholzgew.,  Mitteil.  dentsch.  dendrolog.  Getellach^  1899, 
p.  47. 
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Stomata,  which  have  their  pores  directed  parallel  to  one  another  and  to  the 
midrib  of  the  leaf,  have  been  observed  in  certain :  Mimoseae  (common),  Bruniaceaet 
Melastomaceae,  Cacteae  (on  the  stem  parallel  to  the  longitudinal  axis  of  the  shoot), 
CandoUeaceae,  Campanulaceae,  Epacndeae  (in  almost  all  the  species),  Flumbagineae, 
Loganiaceae,  Polemoniaceae,  Chenopodiaceae,  Proteaceae,  Santalaceae,  Myzoden- 
dron;  atomata,  which  are  arranged  parallel  to  one  another,  bnt  lie  transversely  to 
the  midrib  of  the  leaf  or  to  the  vertical  direction  in  the  axis,  as  the  case  may  be,  are 
foimd  in  certain :  Polygaleae  {Krameria  pro  parte,  leaf),  Tamariscineae  (leaf),  Bal^ 
nites  (axis),  Rhanmeae  (axis  of  CoUetia^  according  to  Pfitzer),  Staphyleaceae  (axis  of 
Staphylea  pintuUa^  according  to  De  Bary),  Papinonaceae  (leaf  in  AnarthrcphyUump 
Eutaxia  and  Latrobea^  axis  in  Daviesia,  phydlodades  and  branches  respectively 
in  Carmichctelia  and  Alhagi),  Broniaceae  (arunia  and  Siaavia,  leaf),  Cacteae  (axis), 
Ficoideae  {Mesembryanthemum^  leaf),  Epacrideae  (Lystnema^  leaf),  Chenopodiaceae 
(leaf  in  Suaeda,  Salsola^  Camphorosma,  Echinopsihn,  HtdogeUm^  Traganum^  and  axis 
in  Catnphorosmot  Salicamia,  Suaeda),  Batideae  (leaf  and  axis),  Nepenthaceae  pro 
parte,  Laurineae  (leaf  and  axis  of  C^tssytha)^  Loranthaceae  (leaf  and  axis  of  Nuytsia, 
and  axis  of  other  Loranthaceons  ^nera),  Santalaceae  (commonly  on  the  branches 
and  also  on  the  leaves^),  Euphorbiaceae  (axis  of  succulent  Euphorbias),  Casuarineae 
(sheaths  and  branches.  Fig.  i86,  p.  788). 

The  combination  of  stomata  to  form  groups  is  not  very  common.  Such 
groups  are  found  in  the  first  place  in  certain  Crucif erae,  where  they  are  due  to 
the  differentiation  of  the  epidermis  of  the  leaf  into  cells  with  large  lumina 
and  a  reticulate  distribution,  and  cells  of  the  normal  size,  which  constitute 
the  subsidiary  cells  of  the  stomata.  Stomatal  groups  are  likewise  present  on 
the  surface  of  the  leaf  in  Macrococcidus  (Menispermaceae),  species  of  Saulamea 
and  Castda  (Simarubaceae).  species  of  EMchrcsta  (PapiUonaceae),  spedes  of 
Saxifraga  and  Ckrysosflenium^  species  of  Calycogonium,  Leandfa  and  Ossaea 
(Mdastomaceae),  certain  Begonias  (Fig.  87,  A,  p.  400),  all  the  species  of 
Pagamea  (Rubiaceae)  and  Napeanthus  (Gesneraceae),  and  in  Ficus  gibbosa, 
Bl. ;  and  in  small  pits  in  the  surface  of  the  leaf  in  Sarcolaena  and  ScMxolaena 
(Chlaenaceae,  Fig.  33,  p.  145),  Sotdatnea  Pancheri^  Brongn.  et  Gris  (Simani* 
baceae),  Trichouratea  subveluUna^  Van  Tiegh.  (Ochnaceae),  Akania  (Staphy- 
leaceae), Mouriria  (Melastomaceae,  Fig.  78,  p.  359),  Nerium  (Apocynaceae)» 
species  of  Banksia  and  Dryanira  (Proteaceae),  and  species  of  Ficus  *.  Lastly, 
we  can  also  speak  of  stomatal  groups  when  the  network  of  the  veins  projects 
strongly  on  the  lower  side  of  the  leaf  and  the  stomata  are  confined  to  the  de« 
pressed  portions  of  the  surface.  In  connexion  with  our  discussion  of  the  stomatal 
pits  (crypts),  we  may  notice  the  occurrence  of  furrows  occupied  by  stomata  in 
rolled  leaves  and  on  the  assimilating  stems  of  plants  having  reduced  leaves 
(e.g.  in  certain  Papilionaceae,  Casuarineae,  &c.),  whilst  with  the  stomatal  groups 
situated  on  the  surface  of  the  leaf  we  may  class  the  arrangement  of  the 
stomata  in  longitudinal  zones  on  the  leaves  of  certain  species  of  CandoUea 
(CandoUeaceae). 

Other  points  of  difference  are  connected  with  the  varying  position  of  the 
guard-cells  with  respect  to  the  neighbouring  epidermal  cells,  a  feature 
which  in  most  cases  may  be  regarded  as  a  measure  of  the  humidity  of 
the  habitat  in  which  the  species  grows.  The  guard-cells  may  either  lie  on 
a  level  with  the  epidermal  cells  or  project  to  a  marked  extent,  the  latter  being 
especially  the  case  in  species  from  damp  localities,  in  species  in  which  the  stomata 
are  contained  in  small  pits,  or  in  species  which  are  protected  from  desiccation 
by  the  possession  of  a  very  dense  haiiy  covering ;  in  other  cases  again  the 
guard-cells  are  sunk  below  the  surface,  this  feature  being  found  chi^y  in  species 
n-om  dry  habitats.    The  elevation  of  the  stomata  is  particularly  marked  in 


'  See  also  De  Bary,  Veiigl.  Anat,  1877,  p.  48. 

>  Haberlandt  (Physiol.  Pflanzenanat.,  1904)  incorrectly  ascribes  small  stomatal  pits,  like  those 
of  the  Oleander,  also  to  Coscinium  (Menispermaceae). 
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the  veins  of  the  leaf  of  Saniiria  (Burseraceae»  Fi^.  43,  p.  191),  and  in  Cineraria 
cruenia  (Compositae),  certain  species  of  Cordial  in  the  leaves  of  Fabiana  (Sola- 
naceae),  which  are  covered  with  vamish,  and  on  the  stems  of  certain  Cucur- 
bifaceae.  The  depession  of  the  guard-cells  is  effected  either  (a)  by  the  diffe- 
rentiation of  a  thick  outer  wall  on  the  epidermis,  which  is  accompanied  by  a 
correspondingly  strong  development  of  cuticular  crests,  or  (b)  simply  by  the 
depression  of  the  guard-cells  (in  some  cases  together  with  their  subsidiary  cells) 
bmeath  the  neighbouring  epidermal  cells,  or  {c)  by  a  more  or  less  pronounced 
protrusion  of  the  epidermal  cells  adjoining  the  guard-cells  or  subsidiary  cells, 
which  leads  to  the  formation  of  a  chimney-shaped  outer  respiratory  cavity  of 
varying  shape  and  often  of  great  depth  \  The  depression  of  the  stomata  in 
certain  Thymelaeaceae  and  certain  species  of  Jacksania  (Papilionaceae)  is  of  a 
very  peculiar  character,  and  may  therefore  find  special  mention ;  in  the  former 
case  the  stomata  occur  singly  at  the  base  of  lageniform  pits,  the  wall  of  which 
IS  formed  by  the  elongation  of  the  6-10  neighbouring  cells  surrounding  the  guard- 
cells  (Fi^.  174,  p.  717),  while  in  the  species  of  Jacksania  the  stomata  together 
with  their  subsidiary  cells  are  sunk  in  deep  pits  on  the  surface  of  the  stem,  each 

Eit  being  closed  by  a  clothing  hair.  Regarding  certain  Sapindaceae  and  Umbel- 
ferae,  see  pp.  228  and  420. 

*  Plugged'  stomata,  which  have  long  been  known  to  occur  in  the  Coniferae, 
have  recently  *  been  demonstrated  in  the  Monocotyledons  and  Dicotyledons. 
They  do  not,  however,  possess  great  systematic  value,  since  they  are  not  always 
of  constant  occurrence  m  one  and  the  same  species,  and  are  often  found  only  on 
certain  parts  of  the  plant.  In  stomata  of  this  kind  the  outer  respiratory  cavity 
(vestibtde)  is  fiUed  with  a  resinous  mass,  which  interferes  with  the  process  of 
transpiration  and  the  exchange  of  gases  as  a  whole. 

The  same  effect  is  produced  by  the  peculiar  thickenings  found  in  certain 
Epacrideae  (Fig.  in,  p.  492)  on  those  walls  of  the  subsidiary  cells,  which  border 
on  the  inner  respiratoiy  cavity.  Finally,  stomata  may  be  put  completely  out  of 
action  by  a  local  development  of  cork  beneath  the  pairs  of  guard-cells ;  this 
ultimatdy  leads  to  the  formation  of  what  are  called  cork-warts ;  for  the  cork- 
warts  on  the  lea^  see  §  39. 

Twin-stomata  (i.e.  pairs  of  stomata  lying  side  by  side  and  touching  one 
another  by  one  of  their  longitudinal  walls)  now  and  then  occur  together  with 
solitary  stomata  on  the  same  surface  of  the  leaf,  but  they  are  no  doubt  merely 
casual  structures  and  have  no  systematic  value. 

{  5.  Water-pores  '.  Water-pores  (i.e.  open  stomata,  which  function  as 
hydathodes)  occur  singly  or  in  groups  on  the  leaf-teeth  of  many  plants  (cf .  {  35, 
and  the  descriptions  of  the  Orders  there  enumerated),  or  are  found  near  the 
marfi;in  of  the  leaf  (as  in  certain  Geraniaceae,  Begoniaceae,  and  Campanulaceae) 
or  above  the  points  of  intersection  of  the  veins  of  the  leaf  (as  in  certain  Nym- 
phaeaceae).  They  are  distinguished  sometimes  by  small  dimensions,  sometimes 
by  considerable  sizel  The  water-pores  of  the  Lobeliaceae  are  particularly 
remarkable  in  that  their  pore  is  closed  by  the  cuticle,  a  rather  thick  and 
cuticularized  ridge  penetrating  from  the  latter  into  the  cavity  of  the  pore 

1  See  Tachircb,  Bez.  des  azutt.  Baaet,  &c.,  Liimaea,  xliii,  1881,  p.  aas  and  Tab.  ii. 

'  Wttlff,  Ventopfte  Spaltofin.,  Osteneich.  bot  Zeitachr.,  1898,  pp.  aoi,  2$2  and  apS,  Tab.  rtit. 

*  Volkcns,   WaaBerauascheidnng,    Tahrb.    Berliner    Garten,   ii,    1883,  p.    166;   Haberlandt, 
Waaaenec.  n.  abaorb.  Org.,  Sitz.-Ber.  Wiener  Akad.,  ciii  and  dv,  Abt.  i,  1894  and  1805, 
and  55  remctively ;  Haberlandt,  Hydathoden,  Ber.  dentach.  bot  Geaellach.,  1894,  p.  307; 
Waaaenpalten,  Nova  Acta  Leopold.,  hdv,  1894.  p.  143;  Spaiger,  Waaaerapparate,  Bot.  Zdl 
i,  p.  35 ;  Minden,  Waaaenec.  Org.,  BibL  Bot.,  Heft  46, 1899. 


It  remaina  an  open  qnaatiOQ,  whether  the  paira  of  gnard-cella,  which  occnr  in  many  planta,  and 
are  diatinguiahed  from  other  atomata  on  the  aame  aorfaoe  of  the  leaf  by  their  often  conaiderable  liie, 
are  invariably  of  the  natnxe  of  water-porea. 
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('stomates  aquiferes  septfe')^.  Beneath  the  water-pores  one  finds  either  the 
ordinary  tissue  of  the  mesophyll  containing  the  termination  of  a  vascular  bundle, 
or  a  special  thin-walled  tissue  (epithema),  provided  with  intercellular  spaces  and 
enveloping  the  termination  of  the  bundle.  From  the  systematic  point  of  view  we 
may  notice  that  the  presence  of  water-pores  constitutes  a  feature  characteristic 
of  the  M^iyanthoideae  ip  contrast  to  the  Gentianoideae.  The  water-pores; 
found  in  certain  Crassulaceae,  Moraceae  and  Urticeae,  deserve  special  mention  ; 
they  are  united  to  form  groups  and  are  recognirable  with  the  naked  eye  or  with 
the  help  of  a  lens  as  small  spots  on  the  surface  of  the  leaf.  We  may  also  refer 
to  the  groups  of  water-pores,  found  in  certain  species  of  Saxifraga  (Fig.  66, 
p.  313),  where  they  function  as  chalk-glands  and  have  long  been  employed  as 
a  specific  character  by  systematists. 

With  the  water-pores  we  may  class  the  apical  pores*  occurring  at  the  tip 
of  the  leaf  in  various  Dicotyledonous  water-plants.  They  serve  for  the  excre- 
tion of  water  and  arise  by  the  breaking  down  of  the  cells,  situated  above  the 
terminations  of  the  veins  (mainly  epidermal  cells,  but  occasionally  water-pores 
as  well). 

Small  pits  (which  do  not  contain  water-pores,  but  are  formed  bv  special  efd- 
dermal  cells  surmountinR  the  termination  of  a  vascular  bundle),  such  as  occur  in 
certain  Ferns,  have  not  been  observed  either  in  Dicotyledons  or  Monocotyledons. 
Regarding  special  epidermal  cells,  functioning  as  hydathodes  and  found  in  certain 
Menispermaceae  ana  Oladneae,  see  the  end  of  I  2,  p.  1076 ;  for  the  epidermal  chalk- 
and  salt-glands  of  the  Frankeniaceae,  Tamarisdneae  and  Plnmbaginaoeae,  see  1 37 ; 
for  peltate  glands,  secreting  wat»:  and  occurring  in  certain  Rhiuntfaaoeae  and  in 
Monophyllaea  (Gesneraceae),  see  {  34  under  I,  b.  Trichomes,  which,  in  correspoo- 
dence  with  their  outward  form,  are  described  as  clothing  or  glandular  hairs  in 
descriptive  anatomy,  may  also  function  as  hydathodes  (see  {  29). 

§  6.  Mesophyll,  Palisade  and  Spongy  Tissues  *.  The  influence  of  the 
surrounding  medium  on  the  structure  of  the  leaf  (i.e.  the  bifacial  (dorsiventral) 
or  centric  (isolataral)  development  of  the  mesophyll  and  the  detailed  differentia- 
tion of  its  cells)  has  already  been  discussed  in  the  Introduction,  and  in  this 
connexion  mention  was  likewise  made  of  the  variability  of  these  structural 
features  in  one  and  the  same  species  (see  Introduction,  pp.  6  and  10).  In  spite 
of  this  fact,  these  features  may  be  employed  for  systematic  purposes,  and  in  the 
first  place  for  specific  diagnosis,  provided  their  constancy  is  sufficiently  estab- 
lished. This  applies  especially  to  the  structure  of  the  laeif,  which  we  may  dis- 
tinguish as  bifacial  (palisade-tissue  on  the  upper,  spongy  tissue  on  the  lower  side), 
subcentric  to  centric  (palisade-tissue  on  both  sides,  occasionally  forming  the  whole 
of  the  mesophyll)  and  homogeneous  (mesophyll  showing  no  differentiation  into 
palisade  and  spongy  tissues) ;  occasionally  the  structure  of  the  leaf  is  constant 
even  in  all  the  members  of  a  small  Order  (HamameUdeae  with  bifacial  structure). 
The  most  important  features  to  notice  in  the  structure  of  the  palisade-tissue  are 
the  following :  the  regular  or  irregular  stratification  of  the  layers  of  palisade-ceDs, 
the  cells  of  the  same  layer  in  the  latter  case  not  being  of  equal  length,  and  super- 
posed cells  occasionally  appearing  to  be  derived  from  a  single  much  elongated 
palisade-cell  by  transverse  division ;    the  number  of  layers  constituting  the 


^  Tswett,  Hydathodes,  &c.,  Joarn.  de  bot,  1907,  p.  305. 

*  Weinrowsky,  Scheitdofin.  bei  Wasierpfl.,  Diss.,  Berlin,  189S  (also  in  FflnfstQdc,  Bdtr.,  iii) ;  see 
also  Minden,  loc  cit. 

*  Haberlandt,  Assimilat.  Gewebesyst,  in  Pringshdm  Jahrb.,  ziii,  iSSa,  p.  74  and  Tab.  iii--viii, 
and  Ber.  deutsch.  bot  Gesellsch.,  1886,  p.  ao6 ;  Stahl,  EiniL  d.  sonn.  nnd  schatt  Standorts,  te., 
Zeitscbr.  f.  Natnrw.,  Tena,  1883 ;  Heinricher,  Isolat.  Blattban,  in  Pxinffthdm  Jafaib.,  xv,  18S4, 
p.  502  and  Tab.  zam^-xnd;  Loebel,  Anat.  d.  LaubbL,  loc.  ctt,  zx,  i^  p.  38  and  Tab.  i-iii; 
Buck,  Verg].  Anat.  d.  Durchluftongssyst^  Diss.,  Fieiborg  1.  Br;,  190a,  p.  74 ;  Schwartz-CIanents, 
Relat.  of  leaf-strnct.  to  phys.  factors.  Transact.  Americ.  Microscop.  Soc.,  1905,  p.  19. 
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palisade-tissue ;  the  shape  of  the  palisade-cells  (long  and  narrow  ceUs,  short 
and  broad  cells,  '  funnel-cells,'  and  arm-palisade  cells ;  for  the  latter,  see  also 
below) ;  the  relative  extent  to  which  the  palisade-tissue,  as  compared  with  the 
spongy  tissue,  participates  in  the  formation  of  the  mesophyll.  In  the  structure 
of  the  spongy  tisane  important  characters  are  afforded  by  the  varied  arrange- 
ment (stratified  or  irregular)  and  shape  (rounded  cells,  cells  provided  with  several 
arms  of  var3^inff  length,  cdls  with  flat  or  with  spreading  arms,  i.e.  with  arms 
developed  parallel  to  the  surface  of  the  leaf  only  or  radiating  out  in  all  directions) 
of  the  cells,  and  the  consequent  variations  in  the  nature  and  size  of  the 
intercellular  spaces. 

Rolled  leaves^  generally  show  a  distribution  of  palisade  and  spongy  tissue 
which  differs  from  that  normally  found,  in  so  far  as  palisade-tissue  is  mostly 
developed  in  all  those  parts  of  the  leaf  which  are  turned  towards  the  light,  while 
spongy  tissue  occurs  on  the  surface  of  the  furrows,  present  on  the  upper  or  lower 
side  of  the  leaf.  The  leaves  of  certain  Tamarisdneae,  which  are  reduced  to  leaf- 
sheaths,  and  the  leaves  of  certain  Compositae,  &c.,  which  are  adpressed  to  the 
axis  and  generally  have  their  stomata  restricted  to  the  upper  epidermis 
(cf.  {  4),  resemble  those  rolled  leaves,  which  have  a  furrow  on  their  upper  side, 
in  the  development  of  palisade  parenchyma  only  on  the  lower  side  of  the  leaf, 
which  is  turned  towards  the  light. 

In  addition  to  the  palisade  and  spongy  tissues,  which  contain  chlorophyll; 
aqueous  tissue  with  Uttle  or  no  chlorophyll  plays  a  part  in  the  formation  of  the 
mesophyll,  especially  in  thick  and  fleshy  leaves.  The  differentiation  of  hypo- 
dermal  aqueous  tissue  of  varying  thickness,  but  belonging  to  the  mesbphyU,  as 
shown  by  a  study  of  its  development,  has  already  basn  discussed  in  §  3.  In 
other  cases  the  aqueous  tissue,  the  cells  of  which  may  have  thin  or  thick  walls, 
forms  a  middle  layer  (sometimes  differentiated  like  a  pith)  in  the  leaf,  or  com- 
poses almost  the  entire  mesophyll,  so  that  the  assimilaitcoy  tissue  is  crowded 
mto  the  middle  of  the  leaf ;  in  the  latter  case  the  assimilatory  tissue  sometimes 
nierely  envelops  the  sheaths  of  the  veins  in  the  form  of  a  rosette  (Portulaceae, 
Fig.  20,  il,  p.  112,  Chenopodiaceae,  Fig.  158,  p.  656).  The  occurrence  ofa  tanni- 
nifeious  middle  layer,  which  therefore  has  a  brown  colour  in  the  dry  leai  is 
characteristic  of  certain  plants  (Anonaceae,  Sapindaceae,  Papihonaceae, 
Mimoseae,  Rubiaceae,  and  no  doubt  other  Orders  as  well). 

As  regards  the  special  structural  features  presented  by  the  palisade- 
ttssne,  we  may  first  deal  with  the  occurrence  of  funnd-cells,  arm-paUsade  cells, 
and  conjugate  cells  as  component  elements  of  this  tissue.  Funnd-ceUs  are  short 
palisade-cells,  which  are  narrowed  down  at  their  lower  end  in  the  form  of  a 
blunt  cone ;  they  are  characteristic  of  plants  inhabiting  moist  locaUties  (occur- 
ring for  example  in  certain  Gesneraceae  and  Pipeiaceae).  Cells  having  a 
similar  shape  (  collecting  cells ')  are  also  found  in  the  interior  of  the  mesophyU, 
adjacent  to  the  typical  palisade-parenchyma.  A  more  important  systematic 
feature  appears  to  be  constituted  by  arm-palisade  parenchyma,  in  which  the 
elements,  as  seen  in  a  transverse  section  of  the  leaf,  are  not  single  cells 
independent  of  one  another,  but  the  arms  of  what  are  called  arm-palisade  cells. 
The  latter,  or  rather  their  individual  branches,  ma^  be  either  long  or  (as  in 
most  cases)  short,  while  the  number  of  the  branches  is  two  or  more.  In  con- 
jugate palisade-oells  the  longitudinal  walls  are  provided  with  two  or  more 
small  papillose  protusions,  which  enter  into  connexion  (conjugate)  with  one 
another  in  neighbouring  cells.   This  type  of  structure  has  been  observed  mainly 


>  Rolled  leavei  lutTe  been  obterved  in  the  following  Orders:  Berberideae,  Frankeniioeae, 
Tremandxeae,  Polygaleaey-Hypericincae,  Lineae,  Geraniaccae,  Rhamneae,  Papilionaoeaey  Roiaoeae, 
Rtfbiaccae,  Compodta^  &icaoeae,  Epacrideae,  Primnlaceae,  ScTophnlarineae,  Empetraoeae  (Fig.  188, 
p.  8oo),'£nphflrtnaoeae;  aec  also  Meigen,  in  Engler,  Bot.  Jahrb.,  zrili,  1894. 
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in  the  short  palisade-tissue  found  on  the  lower  side  of  subcentric  leaves  and 
occasionally  extends  also  to  layers  of  the  adjoining  spongy  tissue. 

Ami-|MUlsade  tisstte  is  found  not  only  in  the  Filices,  Equtsetaceae,  Coniferae 
and  Granuneae,  but  aJso  in  a  number  of  Dicotyledons,  viz. :  Acamhitn,  Adonis^ 
Anemone,  Caliha,  Clematis,  Delphinium,  Nigella,  Paeonia  and  TroUius  (Ranuncu- 
laceae)»  Euptelea{TTOchodeadxaiOcae),  DisciphanialMemspermBoca^),  Sotirau/a  (Tern- 
stroemiaceae,  Fi^.  zg.  A,  ^  129),  Meliosma  (Sabiaoeae),  Casearia  (Samydaceae, 
only  faint  indications),  AcanthafHmax,  Cussania,  GiliherHa,  and  Pseudopanax  (Aralia- 
ceae),  Adoxa,  Sambucus  and  viburnum  (Caprifoliaceae),  CandoUea  (CandoUeaceae), 
numerous  Campannlaceae,  Lysimachia  and  Trientaiis  (Primulaceae),  Symplocos 
(Styraceae),  Proioschwenkia  and  Schwenkia  (Solanaceae),  Ascarina,  Chloranthus, 
and  Hedyosmum  (Chloranthaoeae),  Phyllanikus  (Euphorfaiaceae)  and  Parartacarpus 
(Moraceae).  The  systematic  value  of  this  feature  is  either  restricted  to  species 
(e.g.  in  Anemone  and  Phyllanthus)  or  to  genera  (e.g.  Meliosma). 

The  fine  bellows-like  folding,  which  may  commonly  be  observed  in  her- 
barium-material on  the  lateral  waUs  of  the  palisade-tissue,  and  is  met  with  also 
in  the  hj^poderm,  is  a  result  of  the  participation  of  these  tissues  in  the  storage  of 
water ;  the  same  explanation  apphes  to  the  occurrence  of  ridge-like  or  reticulate 
thickenings  on  the  walls  of  the  palisade-cells  in  certain  plants,  e.g.  species  of 
Clusia  (Guttiferae,  Fig.  27,  A^  p.  122),  Meriania  and  Grqjfenrieda  (Mdastoma- 
ceae),  CandoUea  (CandoUeaceae),  Sophoclesia  (Vacdniaceae),  Dyssockroma, 
JuanuUoa,  and  Markea  (Solanaceae). 

In  certain  species  of  Reynosia  and  Sarcomphalus  (Rhamneae),  Lightfootia 
(Campanulaceae)  and  Ariocarbus  and  Ficus  (Moraceae)  the  cells  of  the  ^ongy 
tisBue  have  a  v^  remarkable  hypha-like  form. 

In  the  species  of  Buxus^  belonging  to  the  section  EubuxuSy  the  sudden  tran- 
sition from  assimilatory  tissue  with  rounded  lumina  (which  adjoins  the  palisade- 
tissue  on  its  lower  side)  to  spon^  tissue  with  large  lacunae  leads  to  the  splitting 
of  the  leaf  into  two  corresponding  halves. 

Another  structural  feature  of  the  mesophyll,  which  may  be  mentioned  at 
this  point  and  can  be  employed  for  systematic  purposes,  is  the  occurrence  of 
pectdiar  thickenings  or  swelUngs,  which  are  restricted  to  certain  points  of  the 
cell- wall,  and  are  found,  especially  in  the  spongy  tissue,  but  also  on  the  upper 
and  lower  walls  of  the  palisade*cells,  in  many  Menispermaceae  and  Melasto- 
maceae,  in  certain  Lo^aniaceae  and  in  Mdananihus  guaiem^alensis,  Solered. 
(Solanaceae) ;  these  thickenings  have  a  mucilaginous  appearance  and  more  or 
less  recall  the  structure  of  the  wall  in  coU^ichymatous  tissue.  They  certainly  do 
not  differ  very  materiaUy  from  the  gelatinised  portions  of  a  cell-wall,  espeaally 
as  subepidermal  layers  of  mucilage  occur  side  by  side  with  them  in  the  same 
species  (e.g.  in  certain  Menispermaceae  and  Loganiaceae) ;  both  the  inner  walls 
of  the  epidermal  cells  and  the  adjoining  walls  of  the  palisade-tissue  are  concerned 
in  the  formation  of  these  mucilage-layers.  Gelatinization  of  the  spongy  tissue 
(differing  from  the  swellings  just  discussed  ?)  has  been  recorded  m  numerous 
Apocynaceae  and  in  Sderophylax  (Solanaceae),  and  gelatinization  of  the  entire 
mesophyll'in  certain  species  of  Gentiana.  It  remains  to  mention  the  cracks 
due  to  drying  \  which  are  formed  in  certain  species  by  a  process  of  fissuring 
owing  to  the  drying  of  the  leaf,  and  frequently  give  nse  to  transparent  dots 
(Capparideae,  Burseraceae,  Sapindaceae,  Connaraceae,  (^maceae,  Bignoniaceae, 
Verbenaceae). 

For  the  occurrence  of  sclerosed  cells  in  the  mesophyll,  see  f  9,  p.  1090 ;  for 
the  occurrence  of  secretory  organs,  see  { 14  et  seq.,  and  of  oxalate  of  lime  and 
other  contents,  see  {  22  et  seq. 


>  See  Blenk,  in  Flora,  1884 ;  and  Radlkofer,  in  Sitz.-Ber.  Miinch.  Aka^,  1S86,  p.  341. 
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f  7.  Structure  of  the  Veins  of  the  Leaf.  The  following  features  can 
be  used  for  systematic  }>urposes :  the  appearance  of  the  fibrovascular  system, 
as  seen  in  transverse  section ;  the  presence  or  absence  of  mechanical  tissue  or  of 
a  protective  sheath  in  connexion  with  the  vascular  system ;  and  the  structure 
of  the  tissue,  developed  above  and  below  the  vascular  system.  When  the 
vascular  system  of  the  veins  is  surrounded  on' all  sides  by  assimilatory- tissue, 
we  may  speak  of  'embedded  veins/  in  contrast  to  'vertically  transcurrent 
veins/  m  which  a  special  colourless  tissue  ('  Begleitgewebe ')  adjoins  the  vascular 
system  on  its  upper  and  lower  side. 

When  undertaking  a  comparative  investigation,  the  observations  should,  in  the 
first  place,  invaiiablv  be  based  on  veins  of  the  same  order,  and  also  on  a  transverse 
section  taken  through  a  definite  part  of  the  vein  in  question.  For,  in  the  case  of  the 
principal  vein  and  all  the  larger  lateral  veins,  the  appearance  of  the  fibrovascular 
system  in  a  transverse  section  and  the  differentiation  of  the  mechanical  tissue 
accooipanyin^  the  vascular  bundles  generaUy  differ  according  as  the  vein  is  examined 
at  its  base  or  m  its  further  course ;  and  in  tttt  case  of  the  smaller  veins  this  applies 
at  least  to  the  latter  feature.  A  further  point  to  be  taken  into  account  is  the 
thicknefts  of  the  veins.  Lateral  veins  of  the  same  order  may  vary  in  thickness  and 
may  consequently  show  a  different  structure  at  corresponding  points  in  allied  species, 
especially  if  the  latter  have  leaves  of  different  sizes.  The  systematic  employment 
of  the  features  in  question  requires  a  critical  judgement,  and  has  on  the  wnole  been 
little  attempted  hitherto,  mainly  owing  to  the  amoimt  of  labour  involved,  and  in 
view  of  the  fact  that  the  results  to  be  obtained  are  not  very  considerable. 

Among  features,  which  are  more  easily  determined,  the  following  chiefly 
come  into  consideration  for  the  purposes  of  anatomical  diagnosis  :  the  embedded 
character  or  vertical  transcurrence  of  the  medium-sized  and  smaller  veins  ;  the 
presence  or  absence  of  a  strongly  developed  mass  of  mechanical  tissue  (scleren- 
ch3maa)  in  connexion  with  the  vascular  bundles ;  and  the  occurrence  of  a  sheath 
of  large  cells  around  the  vascular  bundles.  Vertical  transcurrence  of  the  ^ 
smaller  veins  is  of  ten  characteristic  of  a  genus  (see  for  instance  Epacrideae, ' 
p.  492)  and  occasionally  even  of  an  Order  (Dipterocarpeae) ;  such  veins  give  rise 
to  a  vascular  network,  which  is  visible  even  to  the  naked  eye.  The  diverse  ways, 
in  which  transcurrence  is  effected,  are  generally  only  of  specific  value ;  the  veins 
may  be  vertically  transcurrent  by  means  of  colourless  parenchyma,  the  walls  of 
which  are  either  thin  or  slightly  lignified  or  sclerosed  or  collenchymatous,  or 
by  means  of  plates  of  sderencj^ymatous  fibres,  which  sometimes  spread  out 
beneath  the  epidermis  of  the  leaf  like  a  T-girder  or  may  resemble  a  hypoderm. 
When  sderenchymatous  tissue  is  present,  the  extreme  cases  (on  the  one  hand 
a  more  or  less  closed  ring  or  at  least  well-developed  arcs  of  sclerenchyma,  on 
the  other  hand  occurrence  of  mere  isolated  sderenchymatous  cells  or  complete 
absence  of  this  tissue)  are  chiefly  to  be  considered.  In  the  majority  of  cases 
this  biological  feature  is  only  of  specific  value  (see  the  Introduction,  p.  8  et  seq.), 
but  there  are  entire  Orders  (Begoniaceae),  in  which  sclerenchyma  is  either 
completely  wanting  in  the  veins  or  is  found  only  in  a  few  species,  and  then  mostly 
in  small  quantity.  Sheaths  of  large  parenchymatous  cells  ^  occur  more 
commonly  in  Monocotyledons  than  in  Dicotyledons ;  they  function  as  a  pro- 
tective envelope  and  to  a  less  extent  for  the  conduction  of  food-substances ;  such 
sheaths  have  been  observed  in  the  following  Dicotyledons :  Pdriulaca  (Portula- 
ceae),  Tribulus  (Zygophylleae,  here  with  thick  pitted  walls,  Fi^.  38,  Z7,  p.  168), 
certain  Panilionaceae,  Pedis  humifusay  Sw.  (Compositae),  Hdtotropiwm  frtdico- 
sum^  L.  (fioni^eae),  certain  Polemoniaceae  (cells  thickened  in  a  U-shaped 
manner  in  GUia  pungens.  Hook.,  suberized  cells  in  other  cases),  Nyctagineae, 
Amarantaceae  (Fig.  156,  il,  B,  p.  652),  Chenopodiaceae  (Fig.  158,  p.  656)  and 


*  Schobert,  Pucnchymscheideii  in  den  Bl.,  Bot  CentxalbL,  1S97,  iii,  p.  507. 
»  4  A 
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Euphorbiaceae.  In  some  of  these  plants  (Portidaca^  Pectis^  Amarantaceae» 
Enphorbiaceae)  the  sheath  is  enveloped  by  radially  arranged  palisade^tissae. 
In  connexion  with  our  discussion  of  the  parenchyma-sheaths  we  may  mention 
the  occurrence  of  a  special  layer  of  cells,  observea  by  Van  Tieghem  in  the  veins 
of  the  leaf  (chiefly  in  the  Ochnaceae  and  Luxembuigiaceae^  but  also  in  the 
Lineae)  and  styled  by  him  ' cristarqne^ ; '  the  ' cristarque  '  is  separated  from 
the  epidermis  by  a  single  cell-layer  and  is  composed  of  cells»  which  are  thickened 
in  the  shape  of  a  horseshoe,  and  enclose  a  clustered  or  solitary  crystal  of  oxalate 
of  lime  ;  in  the  lateral  veins  the  '  cristarque '  is  in  direct  contact  with  the 
sclerench3maa  and  corresponds  to  the  endodermis.  The  '  cristarque  '  is  found 
also  in  the  petiole  and  axis. 

{  8.  Structure  of  the  Margin  of  the  Leaf*.  The  peculiarities  in  the 
structure  of  the  margin  of  the  leaf  may  be  used  especially  for  the  purposes  of 
specific  diagnosis,  more  rarely  (see  Berberideae,  pp.  45, 820)  for  generic  diagnosis. 
The  margin  of  the  leaf  is  distinguished  either  by  a  stronger  development  of  the 
leaf-tissue  or  (very  commonly)  by  the  considerable  size  of  its  epidermal  cells 
or  by  the  development  of  a  hypoderm,  which  is  differentiated  either  as  coHen- 
chjmoa  or  resembles  hard  bast  (marginal  bast) ;  in  the  latter  case  the  hypoderm 
often  enters  into  connexion  with  the  marginal  vascular  bundles.  Marginal 
bast  has  bc^n  observed,  for  example,  in  certain  Berberideae,  Frankeniaceae^ 
Ilicineae,  Melastomaceae,  Vacciniaceae,  Ericaceae  and  Myrsineae. 

§  9.  Spicular  Cells  (including  similar  elements  occurring  in  the  axis). 
The  presence  of  spicular  cells  (i.e.  mechanical  cells  having  a  parenchymatous  or 

})rosenchyniatous  (fibrous)  shape)  in  the  mesophyll  is  a  widely  distributed 
eature,  which  is  in  ^neral  only  of  value  for  specific  diagnosis.  In  most  cases 
the  spicular  cells  arise  from  cdUs  of  the  mesophyll  and  only  very  rarely  from 
epidermal  cells.  The  latter  applies  to  the  spicular  cells,  found  in  certain  species 
of  Capparis  ;  the  greater  part  of  the  body  of  these  elements  is  situated  in  the 
mesophyll,  but  the  upper  part  of  each  spicular  cell  is  wedged  in  between  the 
epidermal  cells  or  even  projects  beyond  the  level  of  the  epidermis  like  a  hair 
<Fig.  18,  C,  p.  68). 

The  differentiation  of  the  spicular  cells  varies  very  considerably.  In  the 
simplest  case  they  are  ordinary  stone-cells,  those  situated  in  the  palisade-tissue 
being  elongated  like  rod-cells ;  in  other  cases  they  ^ve  off  branches  in  all 
directions  or  are  elongated  in  a  columnar  manner,  spicular  cells  of  the  latter 
type  often  extending  from  one  epidermis  to  the  other  and  even  branching 
l>eneath  the  epidermis.  In  other  cases  again  they  are  fibrous  and  then  generally 
l)ranch  off  from  the  sderenchymatous  sheaths  of  the  veins ;  such  spicular  cells 
traverse  the  mesophyll  in  vanous  ways  (their  course  often  being  very  irregidar) 
and  frequently  form  a  complete  plexus  beneath  the  epidermis  on  the  two  sides 
of  the  leaf.  The  spicular  cells,  and  especially  those  which  are  differentiated  like 
fibres,  for  the  most  part  have  thick  walls ;  in  certain  Euphorbiaceae  the  walls 
show  well-marked  stratification.  The  following  are  special  forms  of  spicular 
cells:  (a)  the  fibre-liJte  spicular  cells  of  Pelliciera  (Temstroemiaceae),  which  have 
pointed  ends  and  run  parallel  to  one  another  in  the  mesophyll  in  two  planes, 
parallel  to  the  surface  of  the  leaf ;  {b)  the  spicular  ceUs  of  Hemiboea  Henryi, 
Clarke  (Gesneraceae),  which  resemble  rod-cells,  are  placed  parallel  to  the  surface 
of  the  leaf  and  are  covered  by  a  group  of  upper  epidermal  cells  of  relatively 
small  size ;  (c)  the  sac-Uke  spicular  cells  of  Linodera  ghmenUa,  Pohl  (Oleaceae), 


^  See  Van  Tieghem,  CiisUrqne,  Ace.,  Boll.  Mns.  d*hiit  nat.,  1903,  n.  266,  and  the  remaining 
papexi  by  this  author,  cited  in  the  list  of  literature  for  the  Ochnaoeae,  p.  809. 

'  Hintz,  Mechan.  Ban  d.  Blattrandes,  NoTa  Acta  Acad.  Leopold.-CaroL,  Uv,  1890,  p.  97  and 
tab.  T-vii. 
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which  fre<iuently  fork  and  have  wide  luinina  and  relatively  thin  walls,  the  latter 
being  ¥Frinkled  owing  to  the  presence  of  transverse  folds ;  {d)  the  branched 
spioilar  cells  of  HeptMydum  Zenkerij  Engl .  (Menispermaceae),  which  are  likewise 
sac-shaped  and  have  wide  lumina  and  relatively  thin  walls ;  (e)  the  bundles  of 
sderendiymatous  fibres  running  in  a  subepidermal  position  in  the  leaf  of  the 
Hieophrasteae  and  Polygonum  equisetiforme  \  (J)  the  groups  of  sderenchy- 
matous  fibres,  developed  beneath  the  hvpoderm  of  the  leaf  in  the  Eryngias 
having  a  Monocotyledonous  habit ;  {g)  the  sderenchymatous  fibres  of  certain 
Sapotaceae  and  Penaeaceae  (Fig.  175,  p.  723),  which  are  provided  with  spiral 
thickening ;  (h)  the  parenchymatous  or  prosenchymatous  spicular  ceUs  of  certain 
Mimoseae  (Fi^.  65,  -4,  B,  p.  295),  Melastomaceae  (Fig.  79,  £,  F,  p.  362),  Compositae 
and  Euphorbiaceae  (Fig.  i8io,  p.  748),  which  occur  in  connexion  witli  simple  tri- 
chomes  or  shaggy  hairs  of  complicated  structure  and  form  a  foot  to  the  hair 
<see  also  {  33) ;  (1)  the  spicular  fibres  penetrating  into  the  glandular  shag^ 
hairs  of  Begonia  imperialis ;  (/)  the  sderenchjnnatous  rod-cells  of  certain 
Melastomaceae,  which  he  in  the  parenchyma,  accompanying  the  larger  veins, 
and  are  placed  parallel  to  the  surface  of  the  leaf ;  (k)  the  branched  spicular  cells 
of  CynomOra  (Caesalpinieae),  which  are  filled  with  siliceous  contents ;  (/)  the 
branched  spicular  cells  of  certain  Begonias  (Fig.  87,  B,  p.  400),  which  have  wide 
lumina  ana  mostly  include  soUtary  crystals  of  oxalate  of  lime  ;  (m)  the  spicular 
cells  which  have  been  observed  in  many  Loranthaceae ;  these  elements  are 
mostly  branched,  and  their  walls  are  thickened  to  such  an  extent  that  only  one 
or  more  peripheral  portions  of  the  lumina  remain,  these  being  filled  by  solitary 
crystaJs  of  oxalate  of  lime  (crvstal-sclerenchyma.  Fig.  177,  p.  728) ;  (n)  lastly, 
the  branched  spicular  cells,  which  are  differentiated  as  '  mtemal  haus.'  In  the 
Nymphaeaceae  (Fi^.  11,  A,  p.  47)  the  elements  last  named  (the  occurrence  of 
which  is  indicated  m  the  following  enumeration  by  the  insertion  of  a  *)  are  fre- 
quently distinguished  by  being  encrusted  with  small  crystals  of  oxalate  of  lime  ; 
in  Rhizophora  (Fig.  74,  p.  340)  and  Nymphaea  they  sometimes  have  the  shape 
of  an  H. 

The  special  forms  of  spicular  cells  are  by  no  means  characteristic  of  certain 
Orders  or  |;enera.  In  Orders  like  the  Capparideae  or  Temstroemiaceae,  or  genera 
like  Linoctera  (Oleaceae)  or  Mouriria  and  Memecylon  (Melastomaceae),in  which 
spicular  cells  are  of  frequent  occurrence,  different  forms  of  these  elements  are 
found  from  species  to  species.  We  may  add  that  spicular  cells,  which  traverse 
the  leaf  in  a  vertical  direction,  may  give  rise  to  transparent  dots  in  the  same. 

With  the  spicular  cells  we  may  dass  the  '  cristarque  '-cells  (see  the  end  of 
{  7,  p.  1090),  observed  in  the  mesophyll  of  certain  Ochnaceae  and  Lineae,  and  the 
peculiar  groups  or  tows  of  cells,  which  occur  in  the  mesophyll  and  cortical 
parenchyma  of  certain  Convolvulaceae  (Fig.  128,  p.  564) ;  the  function  of  these 
groups  of  cells  is  still  quite  unknown. 

Spicular  c^s  have  been  observed  in  the  mesophyll  in  certain  species  of  the 
followmg  Orders  and  genera  respectively:  DiUeniaceae,  MaRnoliaceae,  *Trocho- 
dendraceae,  Anonaceae,  ^Menispermaceae,  *Nymphaeaceae,  Capparideae  (Fig.  18, 
p.  68)^  Bixineae,  Poly^eae,  Vochysiaceae,  Frankeniaceae,  Tamariscineae,  Gutti- 
ferae,  ^Temstroemiaceae  (Fig.  29,  p.  129),  Microsemma,  Dipterocarpeae,  Malva- 
ceae, Rhaptopetalaceae,  lineae,  Humiriaceae,  Malpjighiaceae,  Zygophylleae,  Ruta- 
ceae,  Simarubaceae, Ochnaceae  sens.  str.,Luxemburgiaceae,Meliaceae,Cnai]letiaceae, 
Oladneae,  Ilicineae,  Celastrineae,  Hippocrateaceae,  Khamneae,  Sapindaceae,  Hippo- 
castanaceae,  Papilionaceae,  Caesalpmieae,  Mimoseae,  Rosaceae,  Saxifragaceae, 
Hamamdideae,  Osirearia,  Bruniaceae,  *Rhizophoraceae  (Fig.  74,  p.  340),  Combreta- 
ceae,  Myrtaceae  sens,  str.,  Lecythidaceae,  Melastomaceae,  L3rthrarieae,  Samyda- 
ceae,  Passifloraceae,  Begoniaceae  (Fig.  87,  p.  400),  Datisceae,  Comaceae  (Fig.  99, 
p.  435),  Rubiaceae,  CandoUeaceae,  *Goodemaceae,  Vacciniaceae,  Ericaceae,  Epacri- 
deae,  *Plumbagineae,  M3n:sineae,  Sapotaceae,  Ebenaceae,  Styraceae,  Oleaceae 
(Fig.  119,  p.  523),  Apocynaceae,  Asclepiadeae,  *Loganiaceae,  *Gentianeae,  Bora- 

4A2 
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gineae,  Convolvulaceae,  Solanaceae  (not  typical),  Gesneraceae,  Bignoniaceae,  Sela- 
gineae»  Polygoneae,  ^Myristicaceae,  Monimiaoeae,  Laurineae,  *Pioteaceae  (Fig.  173, 
p.  713),  Thymelaeaceae,  Penaeaceae  (Fie.  17 $•  P*  7^.3 )f  Loranthaceae  (Fig.  177, 
p.  728),  Euphorbiaceae  (Fig.  i8o»  p.  748),  Moraceae,  DidymeUs. 

In  connexion  with  this  enumeration  we  may  mention  that  extensive  groups  of 
scleroaad  or  at  least  tUck-walled  tiasne  occur  In  the  mesophjrll  (especially  in  the 
spongy  tissue)  in  certain  MaenoUaceae,  Menispermaceae,  Berbendeae,  Capparideae, 
Polygaleae,  Tamariscineae,  Guttiferae,  Tineae,  Celastrineae,  Saptndaceae,  Connara- 
ceae,  Melastomaceae»  Vacciniaceae,  Styraceae,  Orobanchaceae,  Piperaceae,  and 
Chloranthaoeae. 

SplcHbtr  cells,  similar  to  those  found  in  the  mesophyll,  occur  also  in  the 
pith,  primary  cortex,  and  (more  rarely)  bast  of  the  axis,  and  may  therelore  be 
dJgctissed  here,  at  once.  Branched  spicular  cells,  some  of  which  axe  differentiated 
as  internal  hairs,  are  present  in  the  axis  in  certain  species  of  the  Magncdiaoeae, 
Trochodendraceae,  N^phaeaceae,  Temstroemiaceae,  Lophira^  Rutaceae,  Meliaceae, 
Hippocrateaceae,  Rhizophoraceae,  Lythrarieae,  Datiaceae,  Primulaceae,  Loga- 
niaceae,  Gentianeae,  Chenopodiaceae,  and  Gomortegaoeae ;  as  a  rule  their  presence 
corresponds  to  the  occurrence  of  spicular  cells  in  the  mesophyU,  and  this  applies  also 
to  the  crystal-sclerenchyma  found  in  the  cortex  of  certam  Loranthaone.  It  is 
an  interesting  fact  that  the  sclerenchymatous  fibres,  which  are  foimd  running 
irregularly  in  the  mesophyll  in  many  species,  do  not  occur  in  the  cortex  in  these  same 
species,  such  elements  oemg  extraordinarily  rare  in  this  part  of  the  plant ;  itis  only 
in  the  mesophyll,  of  course,  that  they  are  of  functional  importance.  It  remains  to 
mention  the  following  special  types  of  spicular  cells  observsd  in  the  axis : 
(a)  the  crvstal-sderenchyma,  found  in  certain  genera  of  the  Schisandreae  (Fig.  4, 
p.  29)  and  Rubiaceae,  as  well  as  in  the  Combretaceous  genus  Macropteranikes  ;  the 
crystal-sclerenchyma  in  these  forms  develops  in  the  same  way  as  in  the  Loranthaoeae 
(see  above),  but  the  shape  of  the  elements  is  different  and  subject  to  variation  ; 
(6)  the  elongated  sclerenchymatous  cells,  occurring  in  the  pith  in  certain  Dilleniaceae, 
Combretaceae,  and  Loganiaceae;  (c)the  sclerenchymatous  fibres,  which  run  in 
various  directions  in  the  primary  cortex  of  species  of  Prunus  (Rosaceae^) ;  {d)  the 
well-known  spicular  cells,  found  in  the  bast  01  the  Cinchana-haik^  and  the  dements 
of  a  similar  shape,  occurring  in  Ancistrocladus  and  Sfyrax  (Styraceae) ;  (e)  the  long 
sclerenchvmatous  cells  present  in  certain  Apocynaceae,  these  elements  having  thick 
walls  andatuberculate  surface ;  (/)  the  bast-filnres  of  the  Quebracho-bark  (Apocyna- 
ceae), which  are  completely  enveloped  by  a  sheath  composed  of  a  single  layer  ol 
cells,  each  containing  a  soUtary  crystal.  For  the  occurrence  of  ordinary  stone-cells, 
groups  of  stone-cells,  'cristarque  '-cells,  and  groups  of  sclerenchymatous  fibres  in  the 
pith  or  primary  cortex,  cf.  §§  40  and  5 1 ;  see  also  {53. 

f  10.  Enlarged  Terminal  Tracheides^  Enlarged  termmal  tracfaeides 
(i.e.  cells,  which  have  wide  lumina  and  are  either  spirally  thickened  or  have  thick 
pitted  walls)  are  in  general  only  of  specific  value ;  they  are  found  at  the  ends  of 
the  vascular  bundles  of  the  vems,  and  function  as  water-reservoirs. 

The^  have  been  observed  in  certain  Capparideae  (Fig.  18,  p.  68),  Polygaleae, 
Tamariscineae,  Hypericineae,  Guttiferae,  Temstroemiaceae,  Geraniaceae,  Rutaoeae, 
Olacineae,  Celastnneae,  PapUionaceae,  Mimoseae,  Rosaceae,  Rhizophoraceae,  Com- 
bretaceae, Lythrarieae,  Compositae,  Salvadoraceae,  Gentianeae  -  Menyanthoideae, 
Loranthaceae,  Santalaceae,  Suphorbiaceae  and  Balanopseae  *• 

{ II.  Storage-Tracheides  IN  the  Ground  Tissue  of  the  Leaf  and  Axis. 
The  storage-tracheides  found  in  the  ground  tissue  have  the  same  physiological 
function  and  the  same  systematic  value  as  the  terminal  tracheides.  In  some  cases 
entire  groups  of  tissue  are  composed  of  such  elements,  e.g.  in  the  axis  of  Oudneya 
africana,  R.  Br.  (Cruciferae)  and  in  the  root  of  certain  species  of  Drosera,  in 


^  MoUer,  Rindenanatomie,  p.  369  et  seq. 
*  Heinricher,  in  Bot  CentraibL,  1885,  ill.  p.  35. 

'  The  above  enttmeration  it  bnt  an  incomplete  one,  owing  to  the  hct  that  the  term  *  enlarged 
terminal  tracheides '  has  not  always  been  interpreted  in  the  same  sense  by  different  authors. 
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which  the  outer  cortical  tissue  is  formed  by  cells  with  reticulate  or  spiral 
thickening  ;  in  this  relation  we  may  once  more  recall  the  reticulate  thickening 
of  the  pa^y^ade-tissue  of  Clusia  rosea  and  other  features,  already  discussed  in 
§  6.  In  the  majority  of  cases  the  storage-tracheides  are  more  or  less  isolated, 
occurring  either  in  the  middle  of  the  ground  tissue  or  in  connexion  with  the 
vascular  system  or  the  secretory  organs. 

Special  storage-tracheides,  in  the  form  of  narrow  sac-shaped  elements  with  spiral 
thickening,  adjoin  the  ends  of  the  veins  in  Vochysia  tufa^  Mart,  and  penetrate  £rom 
these  points  as  far  as  the  epidermis  of  the  leaf;  short  sj^ral  tracheides  are  found  in 
the  pith  of  Anacampseros  (Portulaceae) ;  isolated  spiral  and  annular  tracheae  are 
present  in  the  pith  of  Impaiiens  (Geraniaceae).  Wide  sac-shaped  spiral  tracheides 
<occasionaUy  side  by  side  with  sderenchyma)  accompany  the  secretory  canals  of 
Calophyllum  (Guttiforae,  Fig.  2^,  A  p.  122),  which  run  freely  in  the  mesophyll ;  a 
similar  relation  to  secretory  cavities  is  shown  by  the  spiral  tracheides,  whicn  branch 
ofi  £rom  the  vascular  bunmes  of  the  veins  in  Caraipa  (Temstroemiaceae,  Fig.  29,  E, 
p.  129)  and  Hatlophyllum  (Rutaceae).  The  spirally  thickened  spicular  fibres, 
running  irregularly  m  the  mesophyll  in  certain  Penaeaceae  (Fig.  i75>  p.  723),  and  the 
spirally  thicKened  spicular  fibres  of  certain  species  of  Micropholis  (Sapotaceae)  have 
already  been  briefly  referred  to  in  |  p.  The  spiral  fibres  01  Micropholis  are  closely 
related  to  the  tubular  spiral  tracheides,  developed  in  the  mesophyll  of  Ochthocosmos 
(lineae),  Acioiis  annua^  Tr.  (Melastomaceae),  Macrocnemum  and  jPeniagonia  (Rubia- 
ceae),  the  Nepenthaceae  (Fig.  164,  ^4,  B,  p.  678)  and  Pogonophora  (Euphorbiaceae), 
as  well  as  in  the  pith  and  cortex  of  the  Nepenthaceae,  and  in  the  palisade-tissue, 
found  in  the  primary  cortex  of  species  of  Arthrocnemum  and  Salicornia  (Chenopo- 
diaceae).  Spiral  tracheides  of  exactly  the  same  type  accompany  the  vascular  bunmes 
of  the  veins  m  Sommera  (Rubiaceae),  while  transitional  forms  between  such  tracheides 
and  ordinary  sderenchymatous  fibres  are  found  in  the  same  position  in  Emmotum 
(Oladneae)  and  Chomelia  (Rubiaceae).  It  remains  to  mention  the  S3rstems  of  tra- 
cheides, running  freely  in  the  mesophyll  and  independently  of  the  vascular  bundles 
of  the  veins  in  Peialonyx  Thurberi  (Loaseae),  the  Opilieae  (Olacineae),  Nuytsia  and 
species'  of  Loranthus  (Loranthaceae),  species  of  Osyris,  Quinchamalium,  Thesium^ 
and  Mysoiendron  (Santalaceae),  and  the  rows  of  tracheides,  situated  on  either  side 
of,  and  parallel  to,  the  cortical  vascular  bundles  in  the  axis  of  the  Casuarineae 
(Fig.  186,  p.  788).  Regarding  the  nature  of  the  storage-tracheides  found  in  Boscia 
(Capparideae)  and  species  of  Bellucia,  Henriettea,  and  Sonerila  (Melastomaceae), 
see  under  the  Orders  named. 


II.    Structure  of  the  Petiole. 

{  12.  The  Structure  of  the  Petiole  was  akeady  employed  for 
S3rstematic  purposes  ^  at  an  early  date,  but  its  systematic  value  has  frequently 
been  overestimated.  At  the  outset  it  was  to  be  presumed  that  the  number  of 
vascular  bundles  in  the  petiole  and  to  some  extent  also  their  arrangement 
{including  the  occurrence  of  medullary  and  cortical  vascular  bundles)  would 
depend  on  the  dimensions  of  the  leaf ;  it  has  moreover  been  shown  that  as  a 
general  rule  the  vascular  bundles  of  the  petiole  are  isolated  in  herbaceous  species 
and  fused  in  various  ways  in  woody  species. 

'  Cas.  de  CandoUe,  in  M^m.  Soc.  de  phys.  et  d'hist.  nat.  de  Geneve,  t.  xxvi,  a*  part,  1879,  p.  437 
and  pL  I,  3 ;  Plitt,  Blattsdel  d.  Dicot,  Diss.,  Marburg,  1886,  53  pp.  and  i  Tab. ;  Petit,  in  M^m.  Soc. 
Bc.  pnys.  et  nat.  de  Bordeanx,  wix,  3,  t  iii,  1887,  p.  318,  and  6  pi.,  and  in  Act.  Soc.  Linn,  de  Bordeaux, 
t.  xfiii,  1889,  p.  II,  see  also  in  Comptes  rendos,  t  qt,  1886,  and  Ann.  ic  nat.,  s^r.  7,  t.  vi,  1889, 
p.  343;  Lignier,  in  Bull.  Soc.  Linn,  de  Normandie,  1888,  p.  81,  and  Comptes  rendns,  t.  cvii,  1888, 
p.  403  ;  Acqna,  in  [Ann.  1st.  bot  di  Roma,  VoL  iii,  £uc.  i,  1887,  35  pp.]  and  Malpighia,  i,  1887, 
p.  377 ;  Chatin,  in  BoU.  Soc.  bot.  de  France,  1897,  P*  4^4»  ^^  ^^t  PP*  Hjt  HS»  i^5f  H^f  <^^ 
310 ;  Bonygnes,  Various  papers  in  Act.  Soc  Linn.  Bordeaux,  Ui,  Ivli,  uid  Iviii,  1901-3,  especially 
the  '  Tb^,  Paris,  1903  (Cert,  formes  vase,  anomales  du  p^iole  des  Dicotyl^d.)'  contained  in  t.  Mi ; 
Col,  in  Ann.  sc  nat.,  s^r.  8,  t  xx,  1904,  p.  i,  and  Comptes  rendns  Acad.  Paris,  cxxxvi,  1003, 
p.  516;  finally,  Van  Tieshem's  numerous  s>^tematic  papers,  in  which  the  structure  of  the  petiole  is 
ofm  profitably  employed  for  systematic  purposes. 


I094  CONCLUDING  REMARKS 

In  most  cases  the  structural  features  just  mentioned  can  be  used  only  for 
purposes  of  specific  diagnosis,  but  they  are  occasionaUy  of  greater  systematic 
value.  Thus,  a  transverse  section  through  the  apex  of  me  petiole  of  any  of  the 
Dipterocarpeae  shows  a  closed  ring  of  wood  and  bast,  surrounding  a  tissue 
which  resembles  a  pith  and  encloses  a  vascular  system  of  varied  structure ; 
again,  the  genera  of  the  Dipterocarpeae,  the  subdivisions  of  the  Lecythidaceae, 
the  genera  of  the  Salicineae,  the  genera  and  generic  groups  of  the  Cupuliferae, 
can  all  be  distinguished  with  the  help  of  the  structure  of  their  petiole. 

In  an  investigation  of  the  structure  of  the  petiole  it  is  of  course  requisite 
that  analogous  portions  be  compared  with  one  another  (unless  the  ^itire  course 
of  the  vascular  system  is  followed  up, — an  arduous  task,  which  generally  does  not 
repay  the  amount  of  labour  involved  and  cannot  always  be  undertaken  owing  to 
lack  of  the  necessary  material),  since  the  appearance  of  the  transverse  section 
may  vary  at  different  points  in  the  course  of  the  petiole.  Petit's  investigations 
in  particular  have  helped  to  show  that  the  most  suitable  points  at  which  to 
examine  the  petiole  are  its  base  and  especially  its  apex ;  we  may  follow  Petit  in 
describing  the  transverse  sections  taken  through  these  particular  rc^ons  respec- 
tively as  the  '  initial '  ('  initiale ')  and  '  characteristic  (*  caractJristiane  ').  A 
point  of  special  importance  appears  to  be  the  number  of  vascular  oundles  ^ 
passing  out  from  the  stem  into  the  leaf  or  petiole,  as  the  case  may  be. 

An  anomalous  difTerentiation  of  the  nbrovaacular  83rBtem  of  the  petiole 
is  connected  with  the  occurrence  of  what  are  called  'rayed  bundles'  ('Faisceaux 
rayonn^s ')  and  '  true  concentric  or  hemiconcentric  bundles '  ('  Faisceaux  con- 
centriques  ou  h6niconcentriques  vrais  *)K  The  first  anomaly  has  been  recorded 
in  the  Cruciferae  *.  A  transverse  section  through  the  petiole  in  this  Order  shows 
a  tissue-system,  which  has  alobed  outline  and  is  composed  of  radially  arranged 
vascular  bundles  with  intervening  tissue  consisting  of  small  thin-wallai  cells,  the 
whole  being  surrounded  by  a  tissue  made  up  of  large  cells  with  thin  walls  ;  the 
whole  of  the  lobed  tissue-system  arises  from  a  single  procambial  strand.  In  the 
case  of  the  second  anomaly,  the  petiolar  tissue  contains  several  vascular  bundles, 
which  are  completely  or  mcompletely  concentric  (with  a  central  xylem-mass), 
and  in  most  cases  are  provided  with  an  endodermis,  distinguished  by  the  presence 
of  Caspary's  dots  ;  in  other  words,  we  have  a  kind  of  polystely  (cf.  §  55). 

The  second  anomaly  has  been  observed  in  certain  Rosaceae,  Saxifragaceae,. 
Hamamelideae,  Halorageae  {Gunnera  pro  parte),  Valerianeae,  Campanulaceae,. 
Primulaceae,  Gesneraceae,  Acanthaceae  and  Labiatae. 

The  pulvini  {*  Schwellpolster '),  which  occur  at  the  bases  of  the  petioles  or 
of  the  stalks  of  the  individual  pinnae,  for  example  in  many  Menispermaceae, 
Leguminosae,  Oxalideae  and  Zygophylleae,  show  few  noteworthy  points  of 
difference  in  structure  *. 

On  the  other  hand,  from  the  S3rstematic  point  of  view,  it  remains  to  consider 
the  sclerenchymatous  tissue,  accompanying  the  fibrovascular  system  on  its 
outer  side,  and  perhaps  also  the  pith-like  ground  tissue  enclosed  by  the  vascular 
system.  The  sclerenchsrma,  accompan3dng  the  vascular  tissue,  shows  features 
similar  to  those  exhibited  by  the  sclerench}mfia  found  in  the  larger  veins.  The 
outer  ground  tissue,  which  forms  a  continuation  of  the  primary  cortex  of  the 
stem,  commonly  repeats  the  structural  features  presented  by  the  latter,  while 
the  inner  ground  tissue  shows  the  same  t}^  of  structure  as  the  pith. 


^  See  also  especially  Chatin,  IL  oc.  *  Bouygues,  loa  dt. 

*  Similar  types  of  structure,  shown  by  the  fibfovascalar  system  of  the  petiole,  are  termed 
'  Psendo-falsceanx  rayonn^'  by  Bonygnes;  they  differ  from  the  <  Faisceaux  rayonn^'  in  their 
course  of  development. 

*  See  Haberlandt,  Physiol.  Pflanzenanat.,  1904,  p.  490,  and  the  papers  by  Schwendener, 
Haberlandt,  Mobius  and  Pantanelli  there  cited  (under  11) ;  also  Preuss,  Besieh.  zwischen  dem  anat. 
Ban  tt.  der  physiol.  Funktion  d.  Blattstiele  u.  Gelenkpokter,  Diss.,  Berlin,  1885, 38  pp. 
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III.    Secretory  and  Excretory  Receptacles. 

§  13.  General  Points  about  Secretory  Receptacles^.  The  great 
s]?steiiiatic  value  of  the  secretory  receptacles  was  recognized  at  an  early  date. 
In  onploying  these  elements  for  systematic  purposes  we  have  in  the  first  place 
to  determine  their  nature  (secretory  cells,  secretory  cdl-fusions,  secretory 
cavities,  secretory  canals),  but,  apart  from  this,  their  contents*  and  their  position 
within  the  plant  also  come  into  consideration.  All  these  features  are  of  great 
importance ;  they  are  often  characteristic  of  entire  Orders  or  at  least  of  tribes 
or  genera,  although  in  some  cases  they  only  serve  to  distin^fuish  species. 

As  regards  the  occurrence  of  the  secretory  receptacles  m  the  different  parts 
of  one  and  the  same  species,  we  may  note  at  this  point  that  in  most  cases  the 
same  types  of  secretory  receptacles  are  present  in  all  the  vegetative  and  repro- 
ductive organs  of  the  plant.  We  do,  however,  sometimes  find  that  the  secretory 
rec^tades  are  confined  to  certain  organs  of  the  plant  (such  as  stem,  lea^  root 
or  flower),  or  that  differ^it  types  of  secretory  receptacles  are  present  in  the 
different  parts  of  the  plant.  Hius  in  the  Hypericineae,  for  example,  the  secre- 
tory cavities  of  the  leaf  are  replaced  by  secretory  canals  in  the  axis,  and  similarly 
in  the  Rutaceae  the  secretory  cavities  of  the  leaf  give  way  to  secretory  cells 
in  the  bast  of  the  axis.  In  the  same  way  as  different  types  of  secretory  organs 
may  occur  in  one  and  the  same  species,  various  kinds  of  internal  secretory 
organs  may  be  found  in  different  species  or  genera  belonginf^  to  the  same  Order. 

Apart  from  those  secretory  receptacles  which  are  typically  differentiated, 
attention  should  also  be  paid  to  the  distribution  of  tannin  in  the  ordinary  cells 
of  a  tissue.  Very  striking  features  are  afforded  by  the  way  in  which  the  dry 
cortex  or  mesoph^U  is  fiUed  with  reddish-brown  phlobaphenes  in  herbarium- 
material  of  a  certain  species,  genus  or  Order,  while  such  substances  are  wanting 
in  other  species,  &c. 

The  following  is  an  enumeration  of  the  Orders  and  genera  in  which  special 
internal  secretory  organs  *  have  not  hitherto  been  observed :  Rammculaceae, 
Dillemaceae  ?,  Berberideae,  Sarraceniaceae,  Cistineae,  Tremandreae,  Pdygaleae?, 
Frankeniaceae,  Caryophylleae,  Tamarisciiieae,  Laphira^  Rhaptopetalaoeae  ?,  Lineae, 
Humiriaceae,  Midjpighiaceae  ?,  Ochnaceae  incL  Luxemlnmnaceae,  Chailletiaoeae  ?, 
Octocnemaceae,  Ilicineae,  CyriUeae,  Pentaphylacaceae,  CcMynocarpaceae,  Stack- 
housieae  ?,  Melianthaceae,  Staphyleaceae,  Sabiaceae,  Coriarieae,  Crossosomataceae, 
Droaeraceae,  Ostrearia,  Bruniaceae,  Halorageae,  Rhizophoraceae,  Melastomaceae 
(apart  from  tannin-idioblasts),  Cna^irarieae,  Loaseae,  Tumeraceae  ?  (apart  from 
tannin-cells),  Cucurbitaceae  ?,  Beffomaceae  ?,  Datisceae,  Calycereae,  Candoueaceae  ?, 
Vacdniaceae,  Ericaceae,  Epacriaeae,  Diapensiaceae,  Lennoaceae,  Plumbagineae, 
£benaceae,OIeaceae,  Salvadoraceae,  lj(}gajaauceaefDesfontainea,Plocosparmaf  Gentia- 
neae  ?  (apart  from  secretion  contained  in  intercellular  spaces),  Polemoniaceae  (apart 
from  secretion  contained  in  intercdlular  spaces),  Hydrophyllaceae,  Boragmeae» 
NoLaneae,  Solanaceae  ?,  Retsia^  Scrophularmeae  (apart  from  tannin-idioblasts), 
Ofobanchaceae,  Lentibularieae,  Columelliaceae,  Bienoniaceae,  Pedalineae,  Acan- 
thaceae  ?,  Zotninana^  Selagineae,  Flantamieae,  lUecebraceae,  Amarantaoeae,  Cheno- 
podiaceae,  Phytolaccaceae,  Batideae,  Nepenthaceae,  Thymelaeaceae,  Penaeaceae, 
Geissoloma,  Elaeagnaceae,  Santalaceae,  Myjgodendron,  Champereia,  Grubbia,  Balano- 


'  The  tenn  'lecretory  reoeptades*  is  here  vndentood  to  comprise  cells,  cell-fiisioiis,  or  inter- 
cellnlmr  spaces,  which  are  filled  with  a  lecrctlon. 

*  MangiD,  Classtfication  des  mucilages,  Ball.  Soc.  hot.  de  France,  1804,  p.  xl;  Tschirch,  Die 
Harze  n.  die  Hanbehalter,  Leipzig,  1900 ;  Molisch,  Milchsaft  a.  Schleimsan,  Jena,  looi. 

*  In  this  enuneratioQ  gelaSnized  epidermal  celk  and  mesophyll-cells  proiricfed  with  local 
swdlings  (for  these  cf.  ||  a  and  6)  are  not  taken  into  consideration;  ordinary  tanninfferons  celb, 
that  is  to  say  cells,  whidi  are  not  distinguished  by  their  shape  or  size,  and  are  filled  with  brown 
contents  in  herbarinm-material,  are  likewise  not  taken  into  account. 
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Shoreae,  Daphniphyllaceae,  Balanopseae,  Thelygoneae»  Platanaceae,  Juglandeae, 
[3rricaceae  ?,  Casuarineae,  Cupuliferae,  Salicineae,  Lacistemaceae,  Empetraceae, 
Ceratophylleae  (apart  from  tannin-cellfl). 

§  14.  Secretory  Cells  ^.  This  tenn  is  taken  to  include  all  such  cells  as 
contain  secretion  and  appear  as  idioblasts,  owing  to  their  shape  or  their  contoits, 
or  both  shape  and  contents,  with  the  exception  of  mudlage-cells  and  latidferous 
cells,  which  will  be  discussed  separately  in  §}  15  and  20. 

The  shape  of  the  secretory  ceUs  varies.  In  some  cases  they  appear  as  dis- 
tinct idioblasts,  which  are  spherical,  ellipsoidal,  branched  or  sac-shaped,  and 
vary  in  length,  while  conmionly  ^ ving  rise  to  pellucid  dots  in  the  leaf ;  in  other 
cases,  however,  they  differ  but  httle  from  the  neighbouring  cells  or  are  distin- 
guished merely  by  their  contents.  The  sac-shaped  secretory  cells  are  frequently 
arranged  in  rows,  while  the  spherical  secretory  cdls  of  the  leaf  are  often  replaced 
by  elongated  cells  in  the  axis  (especially  in  the  bast)  of  the  same  species.  The 
contents  are  resinous,  oUy,  gummy,  or  resemble  latex  or  caoutchouc ;  in  other 
cases  they  are  tanniniferous,  and  are  then  coloured  brown  in  herbarium-material. 
The  cell-wall  is  occasionally  suberized  or  provided  with  a  suberized  lamella. 

The  detailed  structure  of  the  secretory  cells  of  certain  Magnoliaceae,  Canellaceae. 
Aristolocbiaceae,  Piperaceae  and  Laurineae,  which  are  filled  with  a  resinous  or  oily 
secretion,  is  speciauy  noteworthy ;  their  secretory  contents  are  enveloped  by 
a  thin-walled  sheath  ('  pouch '),  which  is  formed  from  the  wall  of  the  vacuole 
by  a  change  in  its  substance,  and  is  connected  with  the  cell-wall  by  means  of  a 
stalk  ('  basin  '  or  '  funnel '),  which  constitutes  a  thickening  of  the  membrane*. 
These  secretory  cells  are  doubtless  veiy  closely  related  to  the  (paired)  cystospheres 
of  certain  Begooiaceae*,  which  are  dealt  with  m  §  28.  The  secretory  cells  of  Pogo- 
stemon  Patchouli  (Labiatae),  which  are  differentiated  as  true  internal  glandular  hairs, 
may  also  receive  special  notice  at  this  point ;  they  are  provided  with  a  short  stalk, 
mostly  composed  of  two  or  three  low  cells  having  suberized  walls,  and  project 
into  the  intercellular  spaces ;  the  abundant  secretion  accumulates  chiefly  between 
the  cuticle,  which  is  raised  like  a  bladder,  and  the  cellulose-membrane. 

As  re^ds  the  position  of  the  secretory  cells  in  the  different  tissue-systems  it 
may  be  pomted  out  that  the  occurrence  of  these  elements  in  the  epidermis  (especially 
in  tne  leaf)  has  proved  to  be  of  systematic  value.  It  must,  however,  be  borne  m  mind 
that  secretory  cells,  which  are  apparently  situated  in  the  epidermis,  but  belong  to 
the  subepidermal  tissue  (having  pushed  their  way  secondarily  between  the  epidermal 
cells  by  a  process  of  sliding  growth),  can  in  some  cases  be  distinguished  with  certainty 
from  true  epidermal  secretory  cells  only  by  a  study  of  their  course  of  development . 

Secretory  cells  sometimes  characterize  entire  Orders,  these  being  indicated 
by  a  *  in  the  following  sjmopsis  ;  in  other  cases  they  are  at  least  distinctive  of 
genera  or  species. 

I.  Secretory  cells,  of  various  shapes,  with  resinous  (oily),  latex-like  or 
other  contents  (apart  ^m  very  much  elongated  secretory  cells,  filled  with  similar 
contents,  which  are  enumerated  under  II),  have  been  observed  in  the  following 
Orders  and  genera  respectively :  ♦Calycanthaceae  (resin-cells,  rounded  in  the  leaf), 
*Magnoliaceae  (resin-cells,  rounded  in  the  leaf  and  occasionally  also  in  the  wood), 
TrodQodendraceae  (branched  and  elonjg;ated  resin-ceUs),  *Lactoridaceae  (resin-cells, 
rounded  in  the  leaf),  *Anonaceae  (resin-cells,  rounded  in  the  leaf  and  occasionally 
also  in  the  wood),  Menispermaceae  (sac-shaped  secretory  cells  of  varied  length  and 


»  De  Btetfy,  Vcrgl.  Aiuit.,  1877,  p.  15a;  Zacharias,  in  Bot.  Zeit.,  1879,  pp.  617  and  633; 
Biennann,  OlzeUen,  Diss.,  Beni,  18918,  also  in  Aichiv  d.  Pharm.,  1898,  p.  74. 

'  Berthold,  Protoplasmamechanik,  Leipzig,  1886,  p.  25;  Haberlandt,  PhysioL  Pflanrcnanat. , 
1904,  p.  46a ;  R.  MuUer,  in  Ber.  dentsch.  bot.  Geaellsch.,  1905,  p.  393. 

'  Cf.  the  detailed  statements  on  this  ooint  in  Fellerer,  Beitr.  z.  Anat.  u.  Syst  d.  Begoniaoeae, 
Diss.,  Miincfacn,  1893,  p.  41  et  seq.  and  Tab.  i;  this  paper  also  deals  with  the  course  of  derelojnnent 
of  these  stnictures. 

*  See  R.  Miiller,  in  Ber.  deutsch.  bot.  Gesellsch.,  1905,  p.  39a. 
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provided  with  brown,  gummy  or  other  contents  in  the  leaf  and  axis),  *Nymphaeaceae 
(iaodiametric  or  elongated  latidierous  sacs,  occasionally  arranged  in  rows),  Papa- 
veraceae  (latidierous  sacs,  as  in  the  previous  case),  Fumariaceae  (sac-shaped  cc^, 
often  very  long  and  likewise  arrangea  in  rows),  Capparideae  (Cleomeae  with  secre- 
tor3r  cells  in  the  neighbourhood  of  the  vascular  bunoles  of  the  veins),  *Canellaceae 
(resin-cells,  roundea  in  the  leaf),  Bixineae  (sac-shaped  and  branched  resin-cells), 
Polygaleae  (oil-cells  only  in  '  Radix  Senegae  *),  Elatineae  (resin-cells),  Temstroe- 
miaceae,  Andstrocladus  (cortex),  Tiliaceae  (rounded  resin-cells),  Lineae  (pith  and 
cortex  of  Efytkroxyhn),  (jeraniaceae  (rounded  secretory  cells),  Rutaceae  (resin-cells, 
onlv  in  the  axis),  Simarubaceae  (resin-cells,  in  part  only  in  the  axis),  *Meliaceae 
(spherical  to  sac-shaped  or  branched  resin-cells,  occasionally  arranged  in  rows), 
Oladneae,  Sapindaoeae  (often  latidferous,  isolated  and  of  varied  shape  or  arranged 
in  rows,  very  widely  distributed),  Hippocastanaceae  (resin-cells,  rounded  in  the  leaf), 
*Aceraceae  (with  latex-like  or  other  contents,  probably  always  present  in  the  bast 
of  the  veins,  but  also  occurring  freely  in  the  mesophyll  and  in  the  axis),  Connaraceae, 
Papilionaceae,  Caesalpinieae,  Mimbseae  (various  types,  occasionally  with  gelatinized 
membranes),  Saxifragaceae  (elonjg;ated  secretory  cells  only  in  the  pericvcle  of  Abro- 
phyllum),  Hamamelideae  (Altingieae,  not  differentiated  as  idioblasts),  Myrothamnus 
(spherical  resin-cells),  Myrtaceae-Lecythidaceae  ?  {Napoleonea\  Samydaceae  (very 
rare,  in  Caseana^  here  side  by  side  with  secretor^r  cavities),  Comaceae  (only  in  the  veins 
of  the  leaves  of  species  of  Nyssa)^  Rubiaceae  (resin-cells),  Valerianeae  (only  in  the  root), 
Compo6itae,Candolleaceae(indistinctly  differentiated),  Plumbagineae  (cellsin  the  stem 
and  root  fiUed  with  plumbagin),  Primulaceae  (red  contents,  in  part  onlv  in  the  root), 
Myrsineae  (red  contents),  *Sapotaceae  (latidferous,  the  latex  occasionaUy  containing 
crystal-sand  ;  elongated  cells,  sometimes  arranged  in  rows),  Brachynema  (blood-red 
contents  in  rows  of  cells,  situated  in  the  primary  cortex),  Apocynaceae  (rare,  in*  the 
cortex ;  also  a  layer  of  secretory  cells  beneath  the  palisade-tissue  in  certain  spedes), 
Asclepiadeae  {SdUnostemma),  Convolvulaceae  (frequently  latidferous,  solitary  secre- 
tory cells  and  rows  of  secretory  cells,  the  latter  almost  of  general  distribution), 
^uscuteae  (resin-cells),  Verbenaceae  ( Coneea  and  Symphorema),  Labiatae  (sac-shaped 
resin-cells  ;  in  Pogostemon  ia  the  form  of  typical  internal  glandular  hairs),  Polygo- 
naceae  ?  (probably  merely  secretory  cavities),  *Aristolochiaceae  (rounded  resin-ceUs, 
of  frequent  occurrence  in  the  epidermis  of  the  leaf,  occasionally  as  basal  cells  of  the 
hairs,  not  always  present  in  the  leaf),  *Piperaceae  (rounded  resin-cells),  *Chlorantha- 
ceae  (as  in  the  previous  case),  *Myristicaceae  (as  in  the  Piperaceae,  occasionally 
with  gelatinized  membranes),  *Monimiaceae  (as  in  the  Piperaceae),  *Laurineae  (as 
in  the  Hperaceae,  occasionally  also  in  the  wood),  ^Hemandiaceae  (as  in  the  Pipera- 
ceae), *(iomort^aceae  (as  in  the  Piperaceae),  Euphorbiaceae  (rows  of  latidferous 
sacs,  and  oil-cells,  the  latter  occasionaUy  differentiated  like  hairs,  Fig.  180,  p.  748), 
Buxaceae  (not  very  typically  differentiated),  Moraceae  (spherical  secretory  cells), 
Myricaceae  (rare).  We  may  add  that  the  rows  of  latidferous  sacs  found  in  certain 
Sapotaceae  and  Convolvulaceae  show  transitions  to  latidferous  vessels  (see  {  21 ). 

We  may  also  mention  the  following  elements  at  this  point :  (a)  cells,  containing 
myrodn  (m3rrosin-cells  *)  and  differing  more  or  less  from  the  neighbouring  cells, 
probably  occur  in  all  Crudferae,  and  have  been  recorded  also  in  certain  Capparideae, 
Resedaceae,  and  (jeraniaceae,  as  well  as  in  Bretschneidefa^  Moringa^  and  the  genus 
Scorodophloeus  (Caesalpinieae) ;  {b)  elongated  spicular  cells,  some  of  which  at  least 
are  fiUed  with  contents,  are  found  in  the  pith  of  certain  Dilleniaceae  and  spedes  of 
Combretum ;  (c)  peculiar  strands  of  secretory  cells,  which  appear  as  ribs  even  to  the 
naked  eve,  occur  in  the  axis  of  Stocksia  (Sapindaceae),  ana  similar  strands  of  secre- 
tory celJs,  in  which  the  inner  ceUs  subsequently  become  resorbed  and  replaced  by  a 
secretory  canal,  are  present  in  Prosopanche  (Cytinaceae) ;  lastly  {d)  groups  of  glan- 
dular cells  have  been  observed  in  the  mesophyll  in  Heterophyllaea  (Rubiaceae). 

II.  Elongated  secretory  sacs  have  been  observed  in  the  pith,  bast,  or  p^cyde 
of  the  stem,  and  occasionally  also  in  the  larger  veins  of  the  leaf  in  certain  members 


'  In  addition  to  the  Pftpen  of  Heinricher,  Gnignard,  Spatzier,  Radlkofer,  &c.,  which  are.  cited 
in  the  lists  of  litentnre  belonging  to  the  respective  Orders,  see  especially  Hartwich,  Bnbimblrinde, 
Zeit.  d.  dentsch.  Apothekerver.,  1002,  p.  339.  In  this  paper  salphnr-containing  oils  are  stated  to 
occnr  in  certain  members  of  the  foUowbg  Orders:  Bombaceae  (Malvaceae),  Caesalpinieae, 
Capparideae,  Caricaceae  (Passifloraceae),  Crudferae,  Enphorbiaceae,  Labiatae,  Linmanthaceae 
(Geraniaceae),  Meliaoeae,  Moringeae,  Phytolaccaceae,  Resedaceae,  Rubiaceae,  Tropaeolaceae 
(GeraniaceaeX  Umbellilerae. 
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of  the  OrdeiB  enumerated  below ;  meet  of  these  elements  resemble  the  wdl-known 
tannin-sacs,  found  in  the  pith  of  the  elder»  but  in  some  cases  they  are  shorter,  and  axe 
then  often  arranged  in  rows ;  their  contents  are  mostly  brown  and  tanmntiennis 
or  latex-like  or  resinous.  The  Orders  in  question  are:  Trochodendraoeae* 
Menispermaceae»  Berberideae?',  Hippocrateaoeae,  Anacardiaoeae,  Coniiarafieae» 
PapiUonaceae  (very  widely  distributed.  Fig.  56,  p.  259),  Mimoseae  (with  divcne 
contents).  Chrysobalaneae,  Crassulaceae,  Lec)rthiflaoeae»  Passifloraceae.  Capcifolia- 
oeae»  Rubtaceae  (in  part  resembling  bast-fibres),  Dipsaceae,  Compositae,  Potygona- 
ceae,  M3nisticaceae,  Monimiaceae,  and  Euphorbiaoeae.  In  certain  Compositae 
(GasaniOt  AhracfyliSt  and  Carlina)  one  finds  transitional  forms  between  the  elements 
in  question  and  latidlerous  vessels ;  in  the  group  Compositae-Cynaroideae  the 
secretory  sacs  and  secretory  canals  are  vicarious  in  their  occurrence  in  one  and  the 
same  species  (lor  details,  see  under  Compositae,  pp.  959*960).  See  also  {  20,  p.  1103 
under  ^  secretory  organs  resembling  latidlerous  cells.' 

Similar  long  secretory  sacs  with  brown  contents  have  been  observed  in  the 
epidermis  of  the  1^  (cf.  {  2)  in  certain  Violaiieae»  Geraniaoeae,  '^ 
Crassulaceae 


and  Euphorbiaoeae,  and  in  the  uppermost  la3ws  of  the  mesophyU  in 
certain  Crassulaceae  and  Ficoideae,  while  sac-soaped  mucilage-ceUs  occur  in  the 
epidermis  of  the  leaf  of  Trapaeolum  (Geraniaceae). 

Tannia-idioblaata,  the  shape  of  which  is  similar  to  or  difiecs  from  that  of  the  ele- 
ments previously  discussed,  are  found  in  the  leaf  (here  commonly  in  the  form  c±  en- 
larged cells  of  the  palisade-tissue)  or  am»in  reptesentativcs  of  the  foUowing  Orders : 
Violaiieae  (mesophyU),  ZygophyUeae(me80|phyll),  Geraniaceae  (mesc^hyll),  ChaiOe- 
tiaceae  (mesophyU),  Celastrineae  (mesophyU),  Hippocrateaceae  (mesoptml  and  bast 
of  the  axis),  Stackhousieae  (leaf  and  axis),  Rhamneae  (mesophyU),  Dioiereae  (leaf 
and  axis),  Papilionaceae  (leaf  and  axis),  Melastomaceae  (leaf),  Tumeraceae  (scattaed 
groups  of  tannin-cells  in  the  leaf,  idioblasts  in  the  cortex),  Passifloraceae  (mesophyU), 
Rubiaceae  (mesophyU  and  bast),  Monotropeae  (axis),  Gentianeae  (rhiaome),  Soia- 
naceae  (root),  Scrophularineae  (mesophyU),  Nycta^eae  (enlarged  cells  in  the  epi- 
dermis of  the  leaf),  Polygonaceae  (branched  cells  in  the  cortex),  Axistolochiaceae 
(mesophyU),  Piperaceae  (mesophyU),  Euphorbtaceae  (leaf  and  axis),  Moraceae 
(mesophyU),  CeratophyUeae  (cortex  and  mesophyU). 

{ 15.  Mucilage-Cells.  The  gelatinization  of  epidermal  and  hypodermal 
cells  has  already  been  discussed  in  §2  (p.  1074),  and  at  this  point  I  pro|>o6e  to  con- 
sider only  those  mucilage-cells  which  occur  outside  the  int^gumental  tissue.  The 
mucilage  contained  in  these  elements  is  in  almost  all  cases  membrane-mucHage, 
which  arises  by  the  gdatinization  either  of  the  entire  cell-waU  or  only  of  a  part 
of  it.  The  mucilage  appears  to  be  derived  from  the  contents  only  in  the  Ampe- 
lideae,  Onagrarieae,  and  Rubiaceae,  in  which  the  receptacles  in  question  can  be 
interpreted  as  incompletely  differentiated  raphide-sacs  (i.e-  without  raphides) ; 
the  much-discussed  mucilage  of  the  (^cteae  is  probably  membrane-mucilage. 

Mucilage-ceUs  have  been  demonstrated  in  the  tiaaue  of  the  leaf  in  certain  species 
of  the  foUowin^  Orders  and  genera :  MagnoUaceae,  Anonaceae,  Capparioeae  ?, 
Resedaceae,  Bixmeae,  Portulaceae,  Temstroemiaceae,  Strasburgeria^  Dipterocarpeae 
(also  cells  having  a  gelatinized  membrane  and  containing  a  soUtaiy  crystal),  Chlaena- 
ceae,  Malvaceae,  Sterculiaceae,  ZygophyUeae,  Simarubaceae,  Euthemts^  Buiseraceae, 
Meliaceae,  Oladneae,  Hippocrateaceae,  Rhamneae,  AmpeUdeae,  Didierea^  Aceraceae. 
Connaraceae  ?,  Papilionaceae,  Caesalpinieae,  Rosaceae,  Rhizophoraceae  (Fig.  74, 
P*  340)»  Melastomaceae,  Lythrarieae,  Onagrarieae,  Rubiaceae,  Apocynaceae, 
Gentianeae,  Acanthaceae,  Basellaceae,  Phytolaccaceae,  Laurineae  (very  widely  dis- 
tributed, absent  in  the  related  Monimiaceae),  Hemandiaceae,  Gonysfylus,  OctoUpis, 
Ulmaceae,  and  Moraceae.  Regarding  gelatinization  of  the  spongy  tissue  and  peculiar 
thickenings  of  the  cells  of  the  mesophyU,  which  aie  restricted  to  certain  parts  of  the 
ceU-waU  and  have  a  mucUaginous  appearance,  see  {  6,  p.  1088. 

MucUage-cells  are  present  in  the  axis  (pith,  bast,  or  prims^ry  cortex)  in  certain 
species  of  the  foUowin^ Orders  or  genera:  Schizandreae,  species  of  TovaHa[})t 
Resedaceae,  Violarieae,%ixineae,  Vochysiaceae,  Portulaceae,  Strasburgeria,  Diptcxo- 
carpeae,  Monotes^  Chlaenaceae,  Malvaceae,  StercuUaceae,  TUiaceae,  Simarubaceae, 
Euthemis,  Burseraceae,  ChaiUetiaceae,  Pentaphylacaceae,  Rhamneae,  AmpeUdaceae, 

^  Holm  has  lately  described  'secretory  ducts'  in  Caulophyilum  tkuHcirndts,  Machx.  (see 
Merck's  Report  xvi,  1907,  pp.  94-6.) 
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Didiereae,  Staphyleaoeae,  PapUionaceae,  Rosaceae,  Saxifragaceae,  Cacteae,  Apocy- 
nactae,  BaseUsiceae,  Lamineae,  Thymelaeaceae(G(m>^s/y/«5,  Octohpis ),  Euphorbiaceae, 
Ulmaoeae. 

1 16.  Mucilage-Cavities.  Mucilage-cavities  generally  arise  from  groups 
of  gdatini2ed  cells,  and  it  is  frequently  impossible  to  draw  a  sharp  limit  between 
the  former  and  the  latter ;  similarly,  one  finds  transitions  between  mucilage- 
cavities  and  mucilage-canals.  It  remains  doubtful  whether  the  mucilage- 
cavities,  which  are  situated  above  the  xylem  in  the  veins  of  certain  species 
of  Terminalia  (Combretaceae)  and  are  provided  with  an  epithelium,  are  schizo- 
genous  in  origin. 

Mucilage-cavities  have  been  observed  in  certain:  Magnoliaceae  ?  (veins  of  the 
leal),  Dipterocarpeae  (primary  cortex,  petiole),  Monotes,  Chlaenaceae,  Malvaceae 
{pith,  cortex,  petiole),  Triplochitonaceae  (cortex,  veins  of  the  leaf),  Sterculiaceae  (as 
in  the  Malvaceae),  Tiliaceae  (as  in  the  Malvaceae,  the  cavities  sometimes  tesembling 
canals),  ZygophyUeae  (cortex,  the  contents  including  crystals),  Rutaceae  (primary 
cortex ;  in  the  wood  in  Evodia  rutaecarpa^  Hook,  f .  et  Th.  and  Zanihoxylon  Budrunga, 
WalL),  Simarubaceae  (pith,  prim,  cortex,  petiole,  and  veins  of  the  leaf),  01acineae(in 
the  soft  tissue  of  the  axis  of  Phytocrene),  Rhamneae  (widely  distributed),  Didierea 
(piinu  cortex),  Alluaudia  (prim,  cortex),  Anacardiaceae  (prim,  cortex),  Morin^eae 
(cortex),  Connaraceae  (prim,  cortex),  Papilionaceae  (secondary  cortex  and  pith), 
Caeaal|ttmeae  (gum-lacunae  in  the  wood  of  Burhea  afticana)  \  Combretaceae  (phloem 
of  the  axis  and  veins  of  the  leaf),  Apocynaceae  (various  tissues  of  the  axis,  also 
in  the  leaf),  Asdepiadeae  (cortex  of  the  root),  Euphorbiaceae  (cortex,  see  S  15). 

§  17.  Mucilage-Canals.  The  mucilage-canals  develop  schizogenously  or 
(as  in  most  cases)  lysigenously.  The  presence  of  a  distinct  epithelium  in  the 
mucilage-canals  is  no  more  an  absolutely  certain  criterion  of  their  schizogenous 
origin^  than  it  is  in  the  case  of  the  secretory  cavities  and  secretory  canals,  to  be 
discu^ed  in  §§  18  and  19.  The  mucilage-canals  occur  in  the  pith  and  primary 
cortex ;  in  the  older  axes  of  certain  Sterculiaceae  and  of  the  Papilionaceous 
genus  Herminiera  they  are  found  in  the  wood.  In  some  cases  they  are  present 
also  in  the  veins  of  the  leaf. 

The  occurrence  of  mucilage-canals  is  confined  to  certain :  Violarieae,  Bixineae, 
Vochysiaceae,  Guttiferae,  Quiineae,  Malvaceae,  Sterculiaceae  (sometimes  in  the 
wood),  Oladneae,  Rhamneae,  Ampelidaceae,  Moringeae,  Papilionaceae  (in  the  wood), 
Rosaceae,  Combretaceae,  Lecythidaceae,  Cacteae,  Piperaceae,  Chloranthaceae, 
Laurineae  (C<issytha\  Lcnranthaceae,  Moraceae  and  Urticeae. 

§  18.  Secretory  Cavities*.  The  term  secretory  cavity  is  here  used  to 
comprise  intercellular  secretory  spaces,  which  are  spnerical  or  ellipsoidal  in 
shape  and  have  contents,  which  are  not  mucilaginous  (see  { 16),  but  in  other 
respects  vary  in  character  (being  resinous,  oily,  gummy,  crystalline  or  brown  and 
tanniniferous) ;  the  mode  of  development  of  the  cavities  (whether  schizogenous, 
lysi^enons  or  schizol3rsigenous)  is  left  out  of  consideration.  The  secretory 
cavities  often  give  rise  to  transparent  dots  in  the  leaf,  or  more  rarely  to  what 
are  called  '  opaque '  dots.  Tliey  are  not  always  equally  abundant  in  the 
different  parts  of  the  leaf,  and  are  occasionally  confined  to  its  margin.  In  the 
axis,  they  are  generaUv  found  in  the  pith  and  primary  cortex,  and  have  hitherto 
been  observed  in  the  bast,  only  in  Casearia  grandiflora  (Samydaceae)  and  a  few 
species  of  Euadyptus  (Myrtaceae) ;  in  some  cases,  moreover,  thefr  place  in  the 
axis»  and  especially  in  the  bast,  is  taken  by  secretory  cells  (e.g.  in  the  Rutaceae) 
or  secretory  canals  (e.g.  in  the  Hypericineae).  Conversely,  secretory  cavities 
sometimes  also  occur  vicariously  in  place  of  secretory  canals,  this  being  the 
case  in  the  secondary  tissues  of  the  vascular  system  in  the  axis  of  certain  Com- 

^  See  Perrot  et  Gerard,  in  Bull.  Soc  hot.  de  France,  M^m.  6,  1907. 
»  De  BftT}',  VcTgl,  Anat.,  1877  p.  210. 
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positae.  As  regards  the  systematic  value  of  the  secretory  cavities^  they  mostly 
occur  in  aU  the  species  of  a  genus  and  occasionally  even  (in  the  cases  indicated 
by  a  *  in  the  enumeration  below)  in  aU  the  members  of  an  Order,  and  are 
rarely  (as  in  the  genus  Couepia  of  the  Chrysobalaneae  and  the  ^enus  Cupkea 
of  the  Lythrarieae)  characteristic  of  species  only.  The  determmation  of  the 
mode  of  origin  of  the  secretory  cavities  invariably  requires  an  investigation 
of  their  course  of  devdopment.  The  presence  of  an  epithelium,  lining  the 
fully  developed  cavity,  is  not  in  itself  a  conclusive  proof  of  its  schizogenous 
origin. 

The  following  are  special  forms  of  secretory  cavities  :  (a)  the  secretory 
cavities  of  certain  Rhanmeae  and  Papilionaceae  (Fig.  57,  B^  p.  262),  which  are 
provided  with  a  papillose  epithelium  ;  (b)  the  secretory  cavities  of  Polygonum 
Hydfopipefy  L.,  which  are  enveloped  by  four  epidermal  cells  ;  (c)  the  secretoiy 
cavities  of  certain  Papilionaceae  (Fig.  57,  C,  p.  262),  Mimoseae  and  Euphorbia- 
ceae»  which  are  surrounded  by  '  bracket-cells/  and  the  open  secretory  cavities 
of  certain  Menispermaceae  and  Papilionaceae,  which  may  be  classed  with  the 
former ;  (d)  the  intramural  glands  of  the  Papilionaceous  genus  PsaraUa  (Fig.  57, 
A^  p.  262),  and  the  glands  of  similar  structure,  found  at  the  margin  of  the  leaf 
and  in  the  leaf- teeth  in  certain  species  of  Symplocos  (Styraceae) ;  (e)  the  secretory 
cavities  of  the  Proteaceous  genus  FranUandia  (Fig.  173,  C,  p.  713),  which  are 
traversed  by  rows  of  cells  and,  so  far  as  their  devdopment  is  concerned,  are  no 
doubt  rdated  to  the  intramural  glands  ;  (/)  the  fused  secretory  sacs  of  certain 
Myrsineae,  which  arise  from  groups  of  cells,  the  peripheral  walls  of  which 
remain  intact ;  and  (g)  the  albumen-containing  glands,  found  in  the  Myrsineae  ; 
they  probably  devdop  after  the  manner  of  the  intramural  glands  and  recall  the 
structure  of  the  glands  of  Franklandia  (see  above).  Secretory  cavities  have  been 
observed  in  hairs  or  emergences  in  certain  Rutaceae,  Papilionaceae,(^esalpinieae, 
Myrtaceae,  and  Lythrarieae  (cf.  also  §  34,  under  I,  a  and  II). 

In  the  secretory  cavities  of  the  Rutaceae  and  Msrtaceae,  which  occupy  a 
superfidal  position,  a  spedal  mechanism  of  a  characteristic  kind  serving  for 
the  emission  of  the  secretion  has  been  demonstrated  ;  for  details  on  this  point, 
see  the  Orders  named,  pp.  856  and  920. 

Secretory  cavities  have  been  recorded  in  the  following  Orders  and  genera 
respectivdy:  Menispermaceae  (open  secretory  cavities),  Bixineae,  Polygaleae  ?, 
*Hyperidneae  (resin-canals  in  the  axis),  Guttiferae,  Temstroemiaceae  (ail  Bonne- 
tieae  excepting  Archyiaea  and  Bannetia,  Fig.  29,  p.  129),  Malvaceae,  Triplochxtona- 
ceae (secretory  cavities?),  Malpighiaceae  ?  (Aspidopterys\  Geraniaceae  (with  sphaero- 
crystalline  contents),  *Rutaceae  (secretory  cells  common  in  the  bast),  Simarubaceae 
(in  genera,  which  should  rather  be  referred  to  the  Rutaceae),  Meliaceae  {Chloroxyion^ 
Flindersia),  Olacineae,  Rhamneae  (secretory  cavities  with  a  papillose  epithelium), 
Connaraceae  (with  sphaerocrystalline  contents),  Papilionaceae  (also  mtramural 
elands,  open  secretory  cavities,  and  cavities  with  a  papillose  epithelium  and  a 
bracket-epithelium.  Fig.  57,  p.  262),  Caesalpinieae,  Mimoseae  (secretory  cavities 
with  bracket-epithelium),  Rosaceae,  *Myrtaceae  sens.  str.  (in  Ttistania  exceptionally 
with  muciladnous  contents),  Lythrarieae,  Samydaceae,  Passifloraceae,  Araliaceae, 
Rubiaceae,  Compositae,  Primulaceae  (occasionally  with  red  crystalline  contents), 
Myrsineae  (Eumyrsineae  and  Maeseae,  frequently  with  red  crystalline  contents; 
like  canals  in  the  axis,  see  also  above),  Styraceae  (secretory  cavities  resembling  in- 
tramural glands),  *Myoporineae  (exd.  OfHa  and  Zombiana)^  Polygonaceae  (secretory 
cavities  sometimes  formed  by  four  epidermal  cells),  Podostemaceae,  Piperaceae  (side 
by  side  with  secretory  cells),  Proteaceae  (Fig.  173,  p.  713,  intramural  glands), 
Gony stylus f  Euphorbiaceae  (only  secretory  cavities  with  oracket-epithelium);  lastly, 
also  in  the  genus  Panda,  which  has  not  yet  been  assigned  a  definite  position  in  the 
Natural  System  (see  Pierre,  in  Bull.  Soc,  linn,  de  Paris,  1896,  p.  1256)^ 

The  devdopment  of  irregular  secretory  cavities  by  the  disorganization  of 
portions  of  the  tissue  of  the  wood  has  been  recorded  in  Evodia  and  ZanthoxyUm 
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(Rutaceae,  cf.  §  16),  Carapa  (Meliaceae),  Dilodendron  (Sapindaceae),  Burkea 
(Caesalpinieae)  and  Terminalia  (Combretaceae).  With  this  feature  we  may 
associate  the  formation  of  tragacanth  in  the  species  of  Astragalus  and  the 
occurrence  of  gummosis  in  the  species  of  Acacia  and  in  the  Pruneae.  Lastly,  the 
presence  of  mucilaginous  or  resinous  or  latex-like  secretions  in  the  ordjnary 
intercelltilar  spaces  of  the  leaf  or  axis  may  likewise  be  mentioned  here. 
This  feature  ha^  been  demonstrated  in  Peganum,  the  genus  VahUa  (Fig.  67, 
p.  314),  DanaHa  and  Roussea  (Saxifragaceae),£y$ffffacAfa  and  Primula,  GenHana, 
and  Cobaea  (Polemoniaceae),  and  probably  occurs  also  in  Humulus  and  some 
Acanthaceae. 

{  19.  Secretory  Canals  \  The  secretory  canals  are  here  understood  in 
an  analogous  sense  to  the  secretory  cavities  discussed  in  §  18.  They  resemble 
the  latter  in  their  diKrerse  contents  and  their  varied  mode  of  origin  and  have 
the  same  systematic  value,  which  is  often  very  considerable  (characteristic  of 
all  the  members  in  the  Orders  indicated  by  a  *  in  the  enumeration  below). 
In  determining  their  distribution  the  axis  should  first  be  examined,  since  in 
some  cases  the  secretory  canals  do  not  enter  the  lamina  of  the  leaf  at  all  (e.g.  in 
the  Hypericineae,  certain  AraUaceae,  &c.).  The  distribution  of  the  secretory 
canals  m  the  axis  varies  and  is  sometimes  characteristic  of  certain  taxonomic 
groups.  They  may  occur  in  the  pith,  bast,  pericycle,  endodermis  and  primary 
cortex,  rarely  in  the  wood  as  weU  *  (only  in  the  Dipterocarpeae — ^but  here  their 
occurrence  in  the  wood  is  perhaps  quite  general  in  axes  of  a  certain  thick- 
ness— and  in  certain  Caesalpinieae).  In  the  Altingieae,  for  example,  the 
secretory  canals  are  found  only  in  the  pith  ;  in  the  Burseraceae  or  Anacardia- 
ceae  it  is  the  secretory  canals  in  the  bast  which  are  characteristic  of  their 
respective  Orders,  but  m  certain  species  of  these  Orders  ^  canals  are  present  also 
in  the  pith  and  priinary  cortex  ;  in  the  Compositae  the  endodermal  secretory 
canals  are  characteristic,  &c.  When  the  secretory  canals  penetrate  into  the 
leaf,  they  generally  occupy  the  same  position  with  reference  to  the  vascular 
system  as  in  the  axis  of  the  species  in  question,  i.e.  secretory  canals  situated  in 
the  bast  of  the  vascular  system  of  the  veins  correspond  to  those  found  in  the 
bast  of  the  axis,  canals  lying  above  the  fibrovascular  system  of  the  veins  to  the 
medullary  canals  of  the  axis,  and  so  on ;  but  occasionally  (Guttiferae  pro  parte. 
Fig.  27,  D,  p.  122)  the  canals  also  run  freely  in  the  mesophyllf  In  some  cases, 
moreover,  an  investigation  of  the  secretory  canals  in  the  root  is  indispensable, 
although  such  an  investigation  can  rarely  be  carried  out  systematically  owing 
to  lack  of  material.  It  will  suffice  to  point  out  that  the  secretory  canals  in 
some  of  the  Tubuliflorae  (Compositae)  are  absent  above  the  level  of  the  coty- 
ledons, and  that  the  secretory  canals,  situated  in  the  root  in  the  Pittosporeae, 
Araliaceae,  and  UmbeUiferae,  occur  in  a  characteristic  position,  viz.  in  the 
pericambium  opposite  the  groups  of  wood  and  bast,  belonging  to  the  primary 
nbrovascidar  system. 

For  the  vicarious  occurrence  of  other  types  of  secretory  orphans  in  place  of 
the  secretory  canals  of  the  Compositae,  see  under  that  Order  in  the  following 
enumeration,  and  also  {  18  (p.  1099). 

Secretoiy  canals  have  been  observed  in  the  ^Hypericineae  (only  in  the  axis; 

^  De  Bary,  Vei^l.  Anat.,  1877,  pp.  aio  and  455. 

'  InteixyUry  secretory  canals  ooenr  more  firequeotly  in  the  root  (UmbeUifierae,  Compositae). 
For  the  occonence  of  mndlaf  e-canals  or  mucilage-caTities  and  other  kinds  of  secretory  cavities  in 
the  secondary  wood,  see  §|  10,  17,  zS. 

*  In  such  eases  the  occurrence  of  secretory  canals  in  the  pith  and  primary  cortex  is  generally 
only  a  specific  character. 

*  The  secretory  canals  running  freely  in  the  mesophyll  occasionally  give  rise  to  transparent  lines 
in  the  leaves,  while  those  accompanying  the  vascular  bundles  of  the  veins  sometimes  produce 
translucent  veins. 
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always  in  the  bast^  sometimes  also  in  the  pith,  prim,  cortex  and  peiicyde)*  *Pitto- 
sporeae  (pericycle,  sometimes  also  in  the  bast),  ^Gnttiferae  (always  in  the  pith  aobd 
prim,  cortex  of  the  axis,  in  some  cases  also  in  the  bast ;  in  the  leaf,  either  running 
freely  in  the  mesophyll  or  in  the  veins,  sometimes  replaced  b^  secret,  cavities),  Tem- 
stroemiaceae  (Bonnetieae,  excepting  Archyiaea  ana  Bonnetia;  in  the  axis  in  the 
pith  and  prim,  cortex,  in  some  cases  also  in  the  bast),  ^Dipterocarpeae  (always 
in  the  pith  and  ?  second,  wood,  rarely?  also  in  the  bast),  Rutaceae  (in  the  centre  of 
the  pith  in  Claussna  punctata)^  Stmarubaceae  (pith),  Koeberlinia  (bast),  ♦Bmaeraceae 
(secret,  canals  always  present  in  the  bast,  and  side  by  side  with  them  sometimes 
canals  in  the  pith  and  prim,  cortex),  Celastrineae  (veins  of  the  leaf  of  MorUmia  and 
margin  of  the  leaf  in  Pachysiima),  Rhamneae  (veins  of  the  leaf  in  Reynosia  pro  parte, 
l^e  canals  being  provided  with  a  papillose  epithelium),  *Anacardiaceae  (typical 
members  of  the  Order  always  provided  with  secretory  canals  situated  in  the  oast, 
but  besides  these  there  may  oe  canals  also  in  the  pith  and  prim,  cortex),  Juliam^  (as 
in  the  previous  case),  Papilionaceae  (prim,  cortex  in  Cordyla^  MiUeUia  pro  parte 
and  Myroxylon\  Caesalpimeae  (in  the  secondary  wood  of  Copaiferot  Daniella^  Eperua^ 
Kingiodenaron^  OxysHgma  and  Prioria ;  in  these  genera  sometimes  also  in  the  pith  or 
cortex,  as  the  case  may  be),  Hamamelideae  (margin  of  the  pith  in  the  Altii^^ieae), 
Cacteae  (in  the  cortex,  the  contents  resembUng  latex  in  MammiUaria  pro  paite  and 
LeuchUnbergia)^  *Umbelliferae  (above  all  in  the  pericyde,  but  also  in  the  pith,  bast, 
and  prim,  cortex),  ^Araliaceae  (excL  Aralidiumt  otherwise  as  in  the  Umbellaferae), 
Comaceae  (pith  of  MasHxia)^  G>mpositae  (in  members  of  all  the  thirteen  tribes  of 
Bentham  and  Hooker's  system  of  classification ;  typically  present  in  the  root,  and 
occasionally  absent  in  the  shoot,  the  canals  in  the  latter  case  being  replaced  in  tiie 
shoot  by  otiier  types  of  secretory  organs,  vis.  secretory  sacs  or  laticiferous  vesseb ; 
in  the  root  there  are  always  canals,  which  arise  from  the  endodermis,  but  in  addition 
to  this,  canals  may  be  found  in  the  primary  cortex,  the  periphery  of  Hie  pith,  the 
secondary  wood  and  bast  of  the  root,  or  in  the  pericyde,  the  place  of  the  canals 
being  sometimes  taken  by  secretory  cavities),  Myrsineae  (see  {  i8),  Gesneraceae 
(internal  to  the  vase,  bundles  of  the  stem  and  in  an  analogous  position  in  the  veins 
of  the  leaf,  in  Klugia  and  Rhynchoglossum),  Podostemaceae  (Weddellina^  interoell. 
spaces  resembling  resin-canals  ?),  ^Leitnerieae  (at  the  margin  of  the  pith). 

§  20.  Laticiferous  Cells  ^  and  secretory  organs  of  a  similar  type.  It  is 
a  familiar  fact  that  the  laticiferous  cells  (non-articulated  laticiferous  tubes)  are 
long  tubular  branching  elements,  which  are  filled  with  various  omtents,  the 
latter  often  being  of  the  nature  of  latex  or  caoutchouc  ;  the  latidferous  cells 
are  already  differentiated  as  initial  cells  in  the  hypocotyl  of  the  embryo,  and 
in  later  stages  their  branches  often  traverse  all  the  organs  of  the  plant.  The 
term  '  non-articulated  laticiferous  tubes  '  thus  refers  to  the  course  of  develop- 
ment of  these  elements.  It  is  not,  however,  possible  to  undertake  a  devdop- 
mental  investigation  in  each  individual  case;  according  toChauveaud*,  moreover, 
it  is  not  out  of  the  question  that,  to  take  the  case  of  the  Apocjmaceae  for 
instance,  some  of  the  secretory  oiigans,  there  described  as  latidferous  cells,  are 
differentiated  only  at  a  later  stage,  and  develop  in  a  different  way  from  that 
mentioned  above,  and  according  to  F.  £.  Weiss  '  this  is  really  true  of  the 
caoutchouc-cells  of  Eucommiay  which  cannot  be  distincpoished  from  true  latidl- 
ferous  cells,  unless  their  mode  of  devdopment  is  stucued.  For  these  reasons 
only  those  Orders  or  genera  are  enumerated  under  the  heading  '  laticiferous 
cells '  in  the  following  review,  some  at  least  of  the  species  of  wluch  have  been 
investigated  devdopmentally  with  positive  results ;  the  remainder  are  com- 
prised under  the  heading  of  '  secretory  organs  resembling  laticiferous  cells.' 
The  detailed  structure  of  the  latidferous  tubes,  viz.  the  size  of  their  lumina 
and  the  nature  of  their  walls  and  contents,  is  only  of  trifling  systematic  value. 
It  is  also  necessary  to  ascertain,  whether  the  elements  in  question  occur  in  all 


»  Cf.  Dc  Bary,  Vergl.  Anat.,  1877,  p.  199. 

*  In  Ann.  ic.  nat,  Kr.  7,  t  xiv,  1891. 

*  In  Transact  Linnean  Soc  Landoo,  2  ser.,  vol.  iii,  Bot.,  1892. 
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the  vegetative  organs,  for  in  some  cases  they  do  not  enter  the  leaf  (ses  e.g. 
tinder  Moraceae,  p.  1059).  ^^^  transitions  to  laticiferous  vessels  (in  t& 
Apocynaoeae),  see  §  2i. 

Laticiferous  cells,  the  branches  of  which  may  run  in  the  jnth,  bast,  and 
primary  cortex',  in  the  veins  of  the  leaf,  and  occasionally  also  freely  in  the  mesophyll, 
out  are  chiefly  found  accompanying  the  bast-groups,  occur  in  all  ( ?)  Apocynaoeae 
and  Asdepiadeae,  in  many  Euphorbiaceae,  in  the  genera  Humulus  and  ( ?)  Cannabis 
(Cannalnneae),  and  lastly  in  many,  perhaps  all,  Moraceae. 

Secretory  organs  resembling  laticiferous  cells,  (some  of  them  perhaps  of 
secondary  origin,  as  has  been  proved  to  be  the  case  in  Eucommia  (Trochodendraceae), 
are  also  known  to  occur  in  Planopteron  (Tiliaceae),  Coula,  Eganthus,  Heisteria,  Min- 
quartia  and  Ochanostachys  (Olacineae),  Celastrus^  Euonymus,  Gymnosporia  pro 
parte',  Mystroxylon  and  H^t mm^rta  (Celastrineae),  Campylostemon,  Hippocratea  pro 
parte  and  Salacia  pro  parte  (Hippocrateaceae)  and  Urera  (Urticaceae).  Caout- 
chouc-cells, like  those  of  Eucommiaf  are  closely  related  to  the  elongated  secretory 
sacs,  mentioned  under  II  in  1 14  (p.  1097). 

The  secretory  organs  discussed  in  this  section  are  sometimes  visible  even  to 
the  naked  eye  or  with  the  help  of  a  lens ;  this  is  the  case,  when  their  caoutchouc-like 
contents  appear  in  the  form  of  delicate  elastic  threads*  on  breaking  through  the 
leaves  and  oranches,  or  when  the  laticiferous  cells  give  rise  to  transparent  l&ies  in 
the  leaves. 

§  21.  Laticiferous  Vessels.  These  elements  arise  by  the  absorption  of 
the  transverse  walls  in  rows  of  cells,  which  are  either  simple  or  arranged  to  form 
a  network ;  they  occur  in  the  same  tissues  of  the  axis  and  leaf  as  the  laticiferous 
cells,  but  are  chiefly  associated  with  the  phloem.  In  some  cases  they  also  run 
freely  in  the  mesophyll,  while  in  the  Papayaceae  they  are  even  found  traversing 
the  soft  xylem-mass. 

Laticiferous  vessels  have  been  demonstrated :  among  the  Papaveraceae,  in  the 

fenera  Papaver,  Argemone,  Roemeria  and  Chelidonium  (?  also  in  Meconofsis  and 
Hatysietnon) ;  in  the  tubers  of  Tropaeolum  ?  (Geraniaceae) ;  among  the  Olacineae, 
in  the  genera  Endusa  and  Cardiopteris  ;  in  all  the  Papayaceae  ;  in  all  the  Qchoria- 
ceae,  and,  outside  the  limits  of  this  tribe,  in  the  genera  Gundelia,  Gaxania^  Carlina 
and  Atracfylis  (Compositae);  in  all  Campanulaceae  and  Lobeliaceae  with  the  ex- 
ception of  Sph&noclea ;  among  the  G>nvolvulaceae,  in  the  genera  Dichondra  and 
Falkia  (in  the  latter  genus  as  yet  demonstrated  only  in  the  floral  organs) ;  and 
among  the  Euphorbiaceae,  in  the  genera  Hevea  and  manihot. 

1^-ansitions  between  rows  of  laticiferous  sacs  and  laticiferous  vessels,  as  evidenced 
by  the  occurrence  of  perforations  on  the  transverse  walls  of  the  former,  have  been 
observed  in  the  Orders  Sapotaceae  and  ?  Convolvulaceae,  while  transitions  between 
elongated  secretory  sacs  (see  {  14)  and  laticiferous  vessels  have  been  met  with  in 
certain  Compositae ;  lastiy,  transitions  between  laticiferous  cells  and  laticiferous 
vessels  are  found  in  the  petals  of  certain  Apocynaceae.  All  these  features  require 
careful  reinvestigation. 

Trichomes,  which  enter  into  connexion  with  the  system  of  laticiferous  vessels, 
are  found  in  ^ome  of  the  Cichoriaceae  (Fie.  103,  O,  p.  458),  while  papillose  termina- 
tions of  the  laticiferous  tubes  occur  in  Sipkocampylus  (Lobeliaceae). 

I  22.  Oxalate  of  Lime^.  The  diverse  forms  of  excretion  of  oxalate  of 
lime,  as  also  its  absence  and  its  distribution  in  the  various  organs  and  tissues  of 
a  plant,  afford  a  whole  series  of  valuable  anatomical  features. 

^  Latidferous  cells  occur  in  the  wood  only  io  so  far  as  branches  of  the  cortical  laticiferous  tubes 
sometimes  travene  the  medullary  rays  of  the  wood  and  finally  penetrate  into  the  pith. 

*  See  Loesener,  in  Notizbl.  Berliner  Garten  n.  42,  1908,  p.  64. 

*  Such  cases  of '  spinning '  on  the  p«urt  of  the  caoutchouc-like  contents  have  been  observed  in  the 
secretory  organs  of  Eucommia,  Plagio^eron,  Celasirus,  Eucnyptus,  Mystroxylon^  PVimmeria, 
HifpocraUa,  and  Sn/oria  (mentioned  aboye  under  the  heading  of  'secretory  organs  resembling 
latidferous  cells*),  in  the  latidferous  cells  of  Parameria  (Apocynaceae)  and  in  the  'elongated 
secretory  sacs'  of  Tinomiscium  (Menispermaceae,  included  under  II  in  §  14). 

«  Cf.  Kohl,  Kalksalze  und  Kieselsaure  in  der  Pflanze,  Marburg,  1889 ;  Poll,  Cristalli  di  ossalato 
caldo<K  Roma,  i88a  (abstr.  m  Bot.  Centralbl,  188 a,  ii,  p.  311) ;  and  also  Buscalioni,  in  Malptghia, 
X,  1896,  where  a  general  idea  of  the  literature  dealing  with  oxalate  of  lime  can  be  obtained. 
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We  may  distinguish  the  following  modes  of  excretion  of  oxalate  of  lime  : 
I.  Ordinary  solitaiy  cryvtalB  (i.e.  rhombohedral  crystals  ('  Hendyofider ')  be- 
longing to  the  monoclinic  system),  which  are  of  large  but  variable  size,  and 
are  very  widely  distributed)  and  their  modifications  and  twin-crystals  ;  2.  Sty- 
loidB  ^  or  columnar  crystals  (i.e.  elongated  prismatic  crystals  belonging  to  the 
monoclinic  system)  or  twin-forms  of  such  crystals,  the  latter,  when  typically 
differentiated,  recalling  the  well-known  crystals  characteristic  of  gypsum ; 
regarded  from  the  systematic  point  of  view,  styloids  commonly  replace  raphides 
and  occasionally  show  transitions  to  the  forms  of  crystals,  discussed  under  4 ; 
3.  Octahedral  or  prismatic  crystals,  belonging  to  the  quadratic  or  monocUnic 
systems  and  mostly  of  rather  sniall  size ;  4.  Adcular  crystals,  i.e.  small  needle- 
shaped  or  fusiform  crystals,  which  sometimes  merge  into  small  oystals  of 
prismatic  shape  or  crystals,  which  are  almost  of  the  nature  of  styloids ;  when 
elongated,  the  acicular  crystals  come  to  resemble  raphides  \  whilst,  when  they 
are  very  small,  they  appear  like  sand ;  in  most  cases  large  numbers  of  acicular 
crystals  occur  in  one  and  the  same  cell ;  5.  Clustered  cnrstals,  which  are  com- 

rted  of  individual  crystals  belonging  to  the  quadratic  or  monoclinic  systems  \ 
Sphaerites  (Sphere-crystals),  i.e.  bodies  resembling  clustered  crystals  and 
having  a  sphaerocrystalline  structure  with  a  smooth  or  rather  smootii  surface; 
7.  Raphides',  i.e.  long  acicular  crystals,  large  numbers  of  which  lie  parallel  to 
one  another  in  a  cell  containing  mucUage ;  o.  Crystal-sand  (Fig.  134,  p.  579), 
which  is  composed  of  numberless  small  crystals,  completely  filling  the  cdUs  and, 
in  the  case  of  typical  crystal-sand  ('  sable  t^traedrique '),  having  a  tetrahedral 
form  \  The  systematic  value  of  these  forms  of  crystals  varies  very  considerably. 
In  some  cases  a  certain  form  of  crystal  is  characteristic  of  an  entire  Order, 
while  in  other  cases  it  serves  to  distinguish  only  genera  or  species ;  and  this 
applies  to  all  the  different  kinds  of  crystals  above  enumerated,  even  to  those 
which  are  specially  typical  and  have  the  greatest  systematic  value  (viz.  raphides, 
styloids,  and  crystal-sand).  The  three  forms  of  crystals  just  named,  tor  ex- 
ample, are  of  strikingly  small  systematic  value  in  the  Order  Thymelaeaceae. 

Several  forms  of  crystals  may  occasionally  occur  side  by  side  in  one  and 
the  same  plant,  the  chief  combinations  bein|  soUtary  and  dustered  crystals, 
raphides  and  clustered  crystals,  raphides  ana  styloids,  clustered  crystak  and 
crystal-sand  (the  clustered  crystals  sometimes  even  being  enclosed  in  the  cells 
containing  the  crystal-sand),  and  so  on ;  in  such  cases  the  various  forms  of 
crjrstals  are  found  either  in  the  same  or  in  different  tissues,  or  even  in  different 
organs  of  the  plant.  In  other  species  or  genera,  or  even  Orders,  however, 
oiJy  one  form  of  crystal  is  present.  In  employing  the  occurrence  of  oxalate 
of  mne  for  systematic  purposes  it  must  be  borne  in  mind  that  this  salt  has 
been  shown  to  be  capable  of  re-entering  into  the  metabolism  of  the  plant, 
and  that  dustered  crystals  often  occur  alone  in  the  primary  cortex  in  early 
stages,  while  solitary  crystals  only  appear  subsequently. 

Oxalate  of  lime  has  hitherto  *  not  been  demoastrated  in  the :  Fumariaceae, 
Cnicif erae,  Staddiousieae,  Crossosomataceae,  Lobeliaceae,  Monotropeae,  Lennoaceae, 
Primiilaceae,  Salvadoraceae,  Desfontainea,  Gentianeae-Menyanthoideae,  Cuacuteae  ?, 


^  Radlkofer,  in  Sttz.-Ber.  MUnch.  Akad.,  1890,  p.  114;  see  also  Rothert  and  Zalenski,  Bes. 
Kategorie  von  Krystallbeh.,  Bot  Central bl.,  1899,  iy,  p.  i  et  seq. 

*  These  shorter  adcnltf  crystals  are  rarely  (see  Gentiaaeae)  enclosed  in  cells  containing  mndlage. 

*  See  also  A.  Fnchs,  Baa  der  Raphidenzeile,  Ost.  bot.  Zeitsdir.,  1898,  p.  324  et  seq. ;  and  Kohl, 
Raphidenzelle^  Bot.  Centralbl.,  1899,  iii,  p.  273  et  seq. 

*  See  Arcangeli,  in  Nuov.  Giom.  bot  Ital.,  xziii,  1891. 

*  The  following  statements  refer  solely  to  the  TeeetatiTe  organs  (especially  the  axis  and  the 
leaf).  For  it  fieqaently  happens  that  crystalline  elements  occur  in  the  reprodnctive  organs 
(testa,  etc.),  although  it  has  been  found  impossible  to  demonstrate  them  in  the  vegetative  organs 
of  the  same  plant  (e.  g.  in  certain  Caryophylleae,  Valerianeae,  and  Primulaoeae). 
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Oiobanchaceae  and  Plantagineae  ?,  besides  numerous  genera  and  species  belonging 
to  other  Orders. 

Ordinary  solitary  crystals  and  clustered  crystals  (sometimes  side  by  side  with 
a  third  form)  have  been  observed  in  the  same  or  in  different  species  of  the  follow- 
ing Orders  and  genera  respectively  :  Trochodendraceae,  Anonaceae,  Menispermaceae 
(solitanr  crystals  not  very  abundant,  clustered  crystals  rare),  Berberideae,  Cappari- 
deae,  Cistineae  (solit.  cryst.  rare),  Violarieae,  Canellaceae,  Bixineae,  Pittosporeae, 
Tremandreae,  Poly^eae,  Vochysiaceae,  Caryophylleae  (soUt.  cryst.  very  rare), 
Portulaceae,  Tamanscineae,  Hypericineae,  Guttiferae,  Temstroemiaceae,  Diptero- 
carpeae,  Lophira^  Malvaceae,  Triplochitonaceae,  Sterculiaceae,  Tihaceae,  Lineae 
(clust.  cryst.  rare),  Humiiiaceae,  Malpighiaceae,  Zy  gophylleae,  Geraniaceae,  Rutaceae, 
Simarubaceae,  Balanites  \  Ochnaceaej,  Luxemburgiaceae,  Wallacea,  Burseraceae, 
Meliaceae,  Chailletiaceae,  Olacineae,  Uidneae,  Cyxmeajs,  Celastrineae,  Hippocratea- 
ceae,  Pentaphylacaceae,  Corynocarpaceae,  Rhamneae,  Ampelidaceae,  Sapmdaceae, 
Hippocastanaceae,  Aceraceae,  Stapnyleaceae,  Sabiaceae,  Anacardiaceae,  Coriarieae 
(clust.  cryst.  only  in  the  rhizome),  Moringeae,  Caesalpinieae,  Mimoseae  (clust.  cryst. 
rare),  Rosaceae,  Saxifragaceae,  Hamamelideae,  Ostrearia,  Bruniaceae,  Rhizopho- 
raceae,  Combretaceae  (chiefly  clust.  cryst.),  Myrtaceae,  Lec3rthidaceae,  Lythraneae, 
Samydaceae,  Passifloraceae,  Cacteae,  Umbelhferae  (solit.  cryst.  rare),  Araliaceae, 
Coi^iaceae,  Caprifoliaceae,  Rubiaceae  (solit.  cryst.  rare),  Compositae  (rare),  Vaccinia- 
ceae,  Ericaceae,  Epacrideae,  Diapensiaceae,  Flumbagineae,  M3rrsineae,  Sapotaceae, 
Ebenaceae,  Styraceae,  Apocynaceae,  Asclepiadeae,  Loganiaceae,  Convolvulaceae, 
Solanaceae,  Scrophularineae  (rare),  Cc^umelliaceae,  Bignoniaceae,  Pedalineae, 
Myoporineae,  Verbenaceae  (solit.  and  dust,  cryst.  rare),  Labiatae  (rare  in  the  vege- 
tative organs),  Amarantaceae  (solit.  cr^st.  rare),  Chenopodiaceae  (solit.  cr^t.  rare), 
BaseUaceae,  Batideae,  Polygonaceae,  Podostemaceae,  Aristolochiaceae  (solit.  cryst. 
rare),  Piperaceae  (Symbryon),  Proteaceae  (not  abundant),  Thymelaeaceae,  Gonystylus, 
Geissolama,  Loranthaceae,  Santalaceae,  Myzodendrony  Grubbia,  Balanophoreae, 
Euphorbiaceae,  Buxaceae,  Balanopseae,  Ulmaceae,  Moraceae,  Urticeae,  Platanaceae, 
Juglandeae,  Myricaceae,  Casuarineae,  Cupuliferae,  Salicineae,  Ladstemaceae. 

Cltistersd  crystals  alone,  or  accompanying  some  other  form  of  crystal  (with 
the  exception  of  ordinary  solitary  crystals),— in  the  latter  case  in  the  same  or  in 
different  spedes— have  been  observed  in  the  following  Orders  and  genera  respectively : 
Ranunculaceae  (rare),  Magnohaceae,  Nymphaeaceae,  Sarraceniaceae,  Papaveraceae, 
Frankeniaceae,  Elatineae,  Lophira^  Manoies,  Chlaenaceae,  MeUanthaceae,  Penthorum, 
MyrothamnuSf  H^orageae  (Fig.  72,  A,  p.  337),  Mdastomaceae  (clust.  cryst.  occa- 
sionally reduced  to  short  and  thick  solit.  ciyst.),  Onagraiieae,  Loaseae,  Tumeraceae, 
Papayaceae,  Begoniaceae,  Ficddeae,  Valerianeae  (rare),  Dipsaoeae,  Calycereae, 
CandoUeaceae,  Campanulaceae  (only  in  Sphenoclea),  Plocosperma,  Gentianeae  (only 
small  dust,  cryst.),  Polemoniaceae  (dust,  cryst.  rare  and  of  small  size),  Hydro- 
phyllaceae,  Bori^neae,  Gesneraceae,  Acanthaceae,  Zombiana,  Labiatae,  Nyctagineae, 
niecebraceae,  Chenopodiaceae,  Phytolaccaceae  (rare),  Nepenthaceae,  Piperaceae 
(excl.  Symbryon)^  Chloranthaoeae,  M3rristicaceae,  Octolepis,  Penaeaceae,  Daphni- 
phyllaceae,  Cannafaineae,  Ldtnerieae»  Empetraceae,  but  also  in  certain  genera  or 
spedes  belonging  to  other  Orders. 

RlKmbohedral  solitary  crystals  are  found  alone  or  accompanied  by  some 
other  form  of  crystal  (exclu<ung  clustered  crystals)-— in  the  latter  case  in  the  same  or 
in  different  speaes — ^in  the  Rhaptopetalaceae,  Koeberlinia,  Octocnemaceae,  G>nnara- 
ceae,  Crassulaceae,  Cucnrbitaceae  (rare),  Hemandiaceae  (only  in  Illigera  obiusa),  and  in 
most  Papilionaceae  and  Mimoseae,  and  in  numerous  genera  or  species  of  other  Orders. 

As  regards  the  form  of  the  clustered  crystals,  we  may  note  at  this  point  that 
the  well-lmown  star-shape  is  the  commonest.  Clustered  crystals,  which  are  made 
up  of  adcular  or  quadratic  (Begoniaceae,  Lecythidaceae,  Proteaceae,  Fig.  173,  p.  7 13) 
crystals,  are  more  rarely  found.  Special  forms  requirinf^  mention  are  the  clustered 
crystals  of  certain  Combretaceae,  which  are  like  stars  with  unequal  rays  ('  krippen- 
Stemartig '),  and  the  clustered  crystals  of  spedes  of  Ceniradenia  (Mdastomaceae, 
Fig-  79f  ^t  p.  362),  which  are  found  combinea  with  styloids. 

Sphaerites  have  been  observed  only  in  certain  Berberideae,  Tamarisdneae 
{Fouqui9ra\  Geraniaceae,  Aceraceae,  Sabiaceae',  Papilionaceae,  Rosaceae,  Crassula- 
ceae, Combretaceae  (according  to  Hohnel,  in  Bot.  Zeit.,  1882),  Melastomaceae, 
Lytbrarieae,  Cacteae  (Fig.  93,  p.  413),  Rubiaceae,  Asclepiadeae,  Solanaceae,  Phyto- 

*  Acoording  to  Van  Tieghem,  Ann.  sc.  nat,  s^r.  9,  t.  W,  1906. 
'  Acoording  to  Dihm,  &ih.  z.  Bot.  Centralbl,  xxi,  Ab  i,  1907. 
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laccaceae,  Balanophoreae,  Enphorfaiaceae  and  Empetraceae;  according  to  Hegd- 
maier,  they  also  occur  in  certain  Caryophylleae,  but  are  there  confined  to  the  testa. 

Octidiedral  cm-  prismatic  cnrstals  of  the  quadratic  system  {q)  (which  in  most 
cases  are  at  once  distinguishable  from  monocunic  crystals  by  their  smaller  size), 
as  well  as  twin-forms  of  such  crystals,  or  small  prismatic  or  fusifbrm  to  adcolar 
crystals  (a)  (which  occasionally,  when  of  sufficient  length,  resemble  raphides),  or 
small  crystalline  bodies  of  diverse  other  shapes  (rounded,  Ac.)  S  have  been  met  with 
in  the  following  Orders :  Ranunculaceae  (9),  Calycanthaceae  (j),  Magnc^aceae  (q\ 
Menispermaceae  (a),  (also  transitions  to  crystal-sand  and  styloids),  Capparideae, 
Resedaceae  (rare),  Canellaceae  (qY,  Guttiferae,  Sterculiaceae»  Zygophylleaefn),  Pegm- 
num  (a),  Simarubaceae  (Fig.  42,  B,  p.  183),  Ampelidaceae  (a),  Aceraceae,  Papoliona- 
ceae,  Caesalpinieae ',  Saxifragaceae  (a),  Melastomaceae  (a),  Lythrarieae,  Onagraiieae, 
Begoniaceae  (q),  Datisceae  (a),  Cacteae  (^),  Ficoideae,  Arahaceae,  Rubiaoeae  (a), 
Compositae  (y,  a),  (k)odeniaceae,  Campanulaceae  (q,  a),  Myrsineae-Theophrasteae, 
Styraceae,  Oleaceae  (a),  Apocynaceae  (a),  Loganiaceae  (^,  a),  Gentianeae  (a),  Pole- 
moniaceae  (a),  Boragineae  (a),  Convolvulaceae  (a),  Solanaceae  {q),  Reixia  (a), 
Scrophulaiineae  (q,  a),  Lentibularieae,  Gesneraceae  (q,  a),  Bignoniaceae  (a),  Pedali- 
neae,  Acanthaceae  (a),  Myoporineae  (a),  Sehuzineae,  Verbenaceae  (a,  a),  Labiatae 
(^,  a),  Nyctagineae  (a),  Chenopodiaceae  (9),  Sasellaceae  (9),  Phytolaccaceae  (rare 
and  observed  only  in  the  ovary),  Cytinaceae  (^),  Aristolochiaceae  (a),  Piperaceae  (a), 
Chloranthaceae  (very  rare),  Myristicaceae  (a),  Monimiaceae  (a),  Laurineae  (a), 
Hemandiaceae  (a),  tiomortegaceae  (a),  Elaeagnaceae  (a),  Moraceae. 

Bundles  of  raphides  are  found  in  the  following  Orders,  being  of  constant  occur- 
rence in  those  marked  with  a  * :  *1>illeniaceae,  Temstroemiaceae  (Marcgravieae 
and  Sauraujeae  exd.  Stachyurus  and  PeUiciera,  Fig.  29,  A,  p.  129),  Geraniaceae, 
Rutaceae,  Zygophylleae  {Peganum)^  Ochnaceae  {Tetramensta)^  *Ampelidaceae 
(Fig.  52,  Bf  p.  223),  Melianthaceae,  *Hydrangeae  (Saxifragaceae),  ^Onagraiieae 
(exd.  Tra^a),  Ficoideae,  Rubiaceae,  Gesneraceae  (Napeanthus  repens,  J.  D.  Smith  !), 
Nyctagineae,  Phytolaccaceae  (Euphytolacceae  and  AgdesHs),  urticeae  {Lapartea), 
Thelygoneae. 

Typical  styloids  have  been  recorded  in  the  following  Orders  or  genera,  as  the 
case  may  be  :  Pittosporeae  (constant),  Temstroemiaceae,  Zygophylleae,  Geraniaceae, 
Rutaceae,  Simarubaceae,  Ilicineae,  Rhamneae,  Sapindaceae,  Meuanthaceae,  Rosaceae, 
Saxifragaceae,  Melastomaceae  (often  distinctive  of  groups  of  genera,  not  constant 
in  Centradenia),  Lythrarieae,  Onagrarieae,  FiccHdeae,  Caprifoliaceae,  Rubiaceae, 
Apocynaceae,  Asdepiadeae,  Loganiaceae,  Plocosperma^  Nyctagineae,  Phytolaccaceae 
(Rivineae),  Thymelaeaceae  (Fig.  174,  D,  p.  717),  Euphorbiaceae  (not  constant  in 
Phyllanthus)^  Urticeae  {Laportea),  We  have  already  noticed  above  that  styloids 
often  take  the  place  of  the  bundles  of  raphides.  The  styloids  are  commonly  confined 
to  the  bast,  while  some  other  form  of  crystal  occurs  in  the  remaining  tissues 
of  the  spedes  in  question.  At  this  point  we  may  also  indude  :  (a)  crystals 
resembling  styloids*  but  shorter  than  typical  styloids,  such  crystals  being  found 
in  certain  Menispermaceae,  Tihaceae,  ZygophyUeae,  Celastrineae,  Papilionaceae, 
Ficoideae,  Columelliaceae,  Nyctagineae,  Phytolaccaceae,  Thymelaeaceae,  Euphor- 
biaceae, Buxaceae,  Ulmaceae  and  Jugkmdeae  ;  (6)  small  rod-shaped  crystals,  whidi 
likewise  resemble  styloids,  and  are  combined  with  one  another  so  as  to  have  the 
shape  of  a  widdy  open  V  or  W,  or  the  form  of  an  I ;  crystals  of  this  type  occur  in 
certain  Menispermaceae,  Malpighiaceae,  Sapindaceae,  Papilionaceae  (Fig.  58, p.  265), 
Mimoseae,  Rosaceae,  Loganiaceae  and  Euphorbiaceae ;  {c)  crystals,  which  are 
shaped  like  styloids,  but  vary  in  length,  and  occur  to  the  number  of  several  in  the 
same  cell;  they  have  been  observ^  in  KratMfia  fPolygaleae),  certain  Cacteae, 
Pisonia  (Nyctagineae,  Fig.  154,  C,  p.  646),  Rivina  ana  Vulamilla  (Phytolaccaceae). 

Typical  crystal-sand  ('  sable  tetraedrique '),  which  occasionally  indndes 
clustered  crystals  (d.  cr.)  or  even  solitary  crystals  (sol.  cr.),  has  been  observed  in 
the  Rutaceae  (cl.  cr.),  Olacineae  (sol.  cr.),  Sapindaceae,  Saxifragaceae,  Crassulaceae, 
Araliaoeae,  Comaceae,  Caprifoliaceae,  Rubiaceae,  Sapotaceae  (only  in  the  latid- 

^  All  these  forms  of  ciystals  are  considered  jointly  here,  because  they  often  occur  tide  by  side  in 
different  species  of  an  Order  or  even  in  the  same  species,  and  becanse  it  is  sometimes  difficolt  to  draw 
a  sharp  hmit  between  the  different  forms.  The  addition  of  the  letter  ^  or  a  in  the  subceqiicnt 
ennmeration  is  not  intended  to  indicate  that  the  forms  of  crystals,  represented  by  these  letters,  are  the 
only  ones  occorring  in  the  Order  in  question,  but  testifies  solely  to  t^e  occurrence  of  such  crystals,  in 
so  far  as  it  has  been  definitely  established. 

'  In  Ditarium^  according  to  recent  observations  of  my  own. 


SECRETORY  AND  EXCRETORY  RECEPTACLES  1107 

ferous  sacsVLoganiaceae,  Boragineae,  Nolaneae,  Solanaoeae  (d.  cr.)»  Amarantaceae« 
Chenopodiaceae»  Thymdaeaceae,  Buxaceae ;  powdery  or  finely  granular  crystal- 
sand  has  been  observed  in  Acanthophyllum  (Caryophylleae),  Dysphania^  Gymnocarpos 
and  Habrosia  (lUecebraceae),  and  Saruma  (Anstolochiaceae) ;  in  the  last  of  these 
genera  it  is  present  only  in  the  terminal  cells  of  the  trichomes.  We  may  include 
here  the  following  special  features :  (a)  the  occurrence  of  a  kind  of  crystal-sand  above 
the  gelatinized  membranes  of  the  epidermal  cells  in  the  leaves  of  certain  species  of 
Raurea  (Connaraceae);  (&)  crystal-sand,  consisting  of  tetrahedral  granules  and  small 
acicular  and  prismatic  crystals,  in  Leticaster  (Nyctagineae) ;  {c)  crystal-sand* 
composed  of  small  acicular  and  prismatic  oystals,  in  Calandrinia  (Portulaceae)» 
and  crystal-sand,  showing  a  similar  composition,  in  Protoschwenkia  (Solanaceae)  and 
Buxus  (Buxaceae) ;  {d)  coarsely  granular  crystal-sand,  consisting  of  quadratic 
or  short  prismatic  crystals,  in  Dunalia  (Solanaceae),  Gallesia  (Phytolaccaceae, 
Fig.  160,  p.  666)  and  members  of  the  tribe  Monimieae;  lastly,  (e)  a  kind  of  crystal- 
sand  (?^  also  in  two  species  of  Meliosma  (Sabiaceae).  When  lar^e  numbers  of 
acicular  crystals  occur  m  the  same  cell,  they  are  occasionally  reduced  so  as  to  form 
a  kind  of  sand  (e.g.  in  certain  Menispermaceae,  Melastomaceae,  Gentianeae,  Pipera- 
ceae  and  Elaeagnaceae).  A  number  of  small  crystals  are  commonly  found  accom- 
panying solitary  or  clustered  crystals,  especially  m  the  large  crystal-idioblasts  of  the 
leal,  but  such  cases  have  not  been  tsUcen  into  consideration  in  the  preceding  review 
of  the  distribution  of  crystal-sand. 

As  a  rule  the  crystalline  elements  are  found  in  the  lumina  of  the  cells, 
but  in  some  cases  (and  this  applies  especially  to  solitary  and  clustered  oystals) 
they  are  embedded  in  a  thickened  part  of  the  ceU-wall ;  in  the  latter  case  they 
are  either  completely  enveloped  by  the  ceU-membrane  or  lie  in  the  middle 
of  the  lumen  of  the  cell  enclosed  in  a  sack  of  cellulose,  after  the  manner  of 
Rosanofi's  clustered  crystals,  this  sack  being  connected  with  the  cell-wall  by 
means  of  one  or  more  beams  of  cellulose  \  We  can  only  attribute  systematic 
vidue  to  these  features,  when  the  differentiation  of  the  structure  in  question 
is  particularly  t3^ical  (e.g.  in  the  Papilionaceae,  CUnis  or  the  Rhizophoraceae). 
Features  of  greater  sj^tematic  importance  are  afforded  by  the  deposition  of 
numerous  small  crystalline  granules  resembling  crystal-sand  in  the  walls  of  the 
ceUs  of  various  tissues  in  certain  Crassulaceae  (Fig.  70,  Z>,  p.  321),  (3acteae, 
Ficoideae,  Nyctagineae  (Fig.  154,  A^  p.  646),  and  Euphorbiaceae  (in  Croton,  here 
in  the  tissue  of  the  cork),  and  the  deposition  of  large  crystals  in  and  on  the 
cell-walls  in  the  Nymphaeaceae  (Fig.  11,  p.  47).  An  apparent  embedding  of 
rather  lar^e  crystals  is  foimd  in  the  crystal-sderenchyma  of  certain  Ma^o- 
liaceae  (Fig.  4,  p.  29),  (Zombretaceae,  Rubiaceae  and  loranthaceae  (Fig.  177, 
p.  728),  and  in  the  crystal-hairs  of  the  Guettardeae  (Fig.  loi,  B,  C,  p.  446) ; 
the  former  has  already  been  discussed  in  §  9  (pp.  1000, 1091) ;  in  the  latter  the 
cell-wall  undei^oes  thickening  to  such  an  extent,  tnat  really  nothing  but  the 
spaces  filled  by  the  crystals  remains  to  represent  the  lumina  of  the  hairs. 

The  various  forms  of  crystals  described  in  the  preceding  pages  occur  in  the 
different  tissues  of  the  leaf  and  axis,  although  sometimes  coimned  to  a  definite 
tissue.  The  shape  and  size  of  the  cells,  containing  the  crystals,  correspond  to 
the  shape  and  size  of  the  crystalline  deposits  themselves.  Cdls  containing  crystals 
are  often  not  distinguished  from  the  neighbouring  cells,  but  in  other  cases  they 
appear  as  idioblasts.  The  following  special  types  of  crystal-receptacles  are 
of  systematic  importance  :  (a)  crystsd-idioblasts  actually  or  apparently  situ- 
ated in  the  epidermis  (see  §  2,  p.  1075) ;  {b)  cells  containing  clustered  crystals 
or  sphaerites  and  projecting  towards  the  exterior  in  the  form  of  a  papilla  or 
hair  (in  certain  Euphorbiaceae,  Fig.  180,  R,  5,  p.  748) ;  (c)  small  cells,  contain- 
ing clustered  crystals  and  bordering  on  the  intercellular  spaces  into  which  they 
often  project  like  papillae,  in  certain  Nsnnphaeaceae  (Fig.  11,  B,  p.  47),  Halora- 
geae  (Fig.  72,  ^4,  p.  337),  and  Qnagrarieae  (Trapa) ;    (d)  crystal-idioblasts, 

^  See  also  Wittlin,  Kalkoulattaschen,  Bot  Centralbl.,  1896,  iii,  p.  55  et  seq.  and  Mobins, 
Festlegmig  der  Kalkaalze  q.  Kieflelsanre,  Ber.  dentsch.  boL  Geseluch.,  1908,  p.  29  et  seq. 
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provided  with  a  gelatinized  or  merely  thickened  inner  wall,  in  the  mesophyl! 
of  certain  Dipterocarpeae ;  {e)  small  cells  bearing  clustered  crystals^  which 
bring  about  a  blocking  up  of  the  respiratory  cavities  (Pilocarpus^  Rutaceae) ;  (/) 
transversely  septate  pahsade-cells  with  a  single  clustered  or  solitary  crystal  in 
the  compartments ;  (g)  idioblasts  in  the  tissue  of  the  leaf,  filled  with  a  solit^uy 
or  clustered  crystal,  such  idioblasts  having  wide  lumina  and  often  being  dis- 
tinguished by  their  spherical  shape ;  (h)  groups  of  cells  with  clustered  crystals 
in  the  mesophyll  {Pemphis,  Lythrarieae) ;  (i)  entire  layers  of  crystal-cells,  lying 
parallel  to  the  surface  of  the  leaf  (e.g.  in  certain  Celastrineae,  Melastomaceae  or 
Samydaceae) ;  (i)  sheaths  composed  of  crystal-cells  in  the  veins  of  the  leaf ;  (k) 
the  '  cristarque  -cells  of  the  leaf  and  axis  (see  §§  7  and  51) ;  and  (Q  chambered 
parenchyma  with  soUtary  crystals  (in  the  wood  and  bast)  or  clustered  crystals 
(in  the  bast).  A  special  and  peculiar  mode  of  occurrence  of  acicular  crystals  is 
found  in  the  fluke-cells  of  the  anchor-like  sha^igy  hairs  of  Cranocarpus  (Papilio- 
naceae,  ^ig.  59,  G,  p.  269)  and  in  the  termmal  cells  of  the  stinging  hairs  of 
Tragia  and  oUier  Euphorbiaceae  (Fig.  180,  P,  Q,  p.  748). 

It  remains  to  mention  that  the  crystalline  forms  of  oxalate  of  lime  (and 
especially  large  clustered  or  solitary  crystals,  styloids,  which  often  traverse 
the  entire  thickness  of  the  leaf  at  right  angles  to  its  surface,  and  bundles  of 
raphides,  orientated  in  the  same  direction)  frequently  give  rise  to  delicate  or 
distinct  transparent  dots  in  the  leaf,  while  raphides,  when  lying  parallel  to  the 
surface  of  the  leaf,  may  produce  transparent  striulae. 

§  23.  Sphaerocrystals  (sphere-crystals)  \  Sphaerocrystals  which  do  not 
consist  of  oxalate  of  lime  have  been  observed  in  herbarium-  or  alcohol-material 
of  a  numba:  of  plants.  Only  in  a  few  cases  is  their  chemical  nature  at  aU  clearly 
known.  In  some  Orders  they  consist  of  inulin,  in  the  Ampelidaceae  perhaps  of 
dssose,  in  certain  Cruciferae  and  Rutaceae  of  a  substance  resembling  hesperidin, 
in  certain  Euphorbias  of  calcium  phosphate  and  calcium  malophosphate,  &c. 

Inulin  *  has  been  demonstrated  in :  Violarieae,  Malpighiaceae  *,  Droseraceae, 
G>mpositae,  Candolleaceae,  Goodeniaceae,  Campanulaceae,  Lobeliaceae  and  Myopo- 
rineae ;  sphaerocrystals  of  a  different  chemical  composition  in :  Ranunculaceae, 
Memspermaceae,  Cruciferae,  Cappsirideae,  Violarieae,  Temstroemiaceae,  Stras^ 
burgeria,  Geraniaceae,  Rutaceae,  iHcineae,  Ampelidaceae,  Papilionaceae,  Crossoso- 
mataceae,  Lythrarieae,  CaprifoUaceae  (Adoxa)\  Passifloraceae,  Cacteae,  Fic<»deae, 
Rubiaceae,  Valerianeae,  Calycereae,  Compositae,  Campanulaceae,  Asclepiadeae, 
Nolaneae,  Bignoniaceae,  Verbenaceae,  Labiatae,  Basellaceae,  Nepenthaceae,  Chlo- 
ranthaceae,  Inymelaeaceae,  Santalaceae,  Myzodendron^  Euphorbiaceae,  Moraceae, 
Urticeae,  Salidneae.     For  sphaerites  of  oxalate  of  lime,  see  1 22,  p.  1 105. 

§  24.  Crystalloids  *.  Crystalloids,  which  occur  in  the  nuclei,  the  chro- 
matophores  or  the  cell-sap,  ana  are  either  crystalline  or  of  some  other  shape, 
have  a  wider  distribution  than  has  generally  been  supposed. 

They  are  found  in  certain  Berberideae,  Nymphaeaceae,  Capparideae,  Caryo- 
phylleae,  Lineae,  Geraniaceae,  Aceraceae,  PapiHonaceae  (according  to  Baccanni, 
in  the  floral  organs),  Halorageae,  Passifloraceae  (spindle-shaped),  Cacteae  (spindie- 


^  Hansen,  in  Arb.  bot.  Inst.  Wiinbnrg,  iii,  1S84;  Leitgeb,  in  Mittdl.  bot.  Inst  Gnz,  1888, 
Heft  2j  p.  257  et  seq. ;  Baocarini,  in  Malpighia,  z888,  p.  i  et  seq. ;  see  also  Schaaischmidt,  in 
Magyar  novenyt.  lapok,  1881,  p.  134  et  seq.  (abstr.  in  Bot.  CentralbL,  1883,  i,  p.  46 ;  and  Jost, 
1883,  i,  p.  412). 

'  Gr.  Kransy  in  Bot.  Zeit.,  1875,  P*  ^1^*  ^^'^  ^^11  y  P*  3^9 »  H*  Fischer,  in  Cohn,  Beitr.,  Tiii, 
1898,  p.  53  et  seq. ;  Bay,  Materials  for  a  monograph  of  Inulin,  Transact.  Acad.  S.  Louis,  vi,  1895, 
p.  Z51  et  seq. 

'  See  the  papers  by  Hartwich,  &c.,  cited  in  the  literature-supplement,  p.  11 71. 

^  According  to  Eichinger,  Diss.,  Munich,  1907. 

'  Leitgeb,  Krystalloide  in  Zellkemen,  Mitteil.  bot.  Listit.  Graz,  z888,  p.  113  et  seq. ;  Zimiaor- 
mann,  Bcitr.  z.  Morph.  u.  Biol,  d,  PAanzenzelle,  Tiibingvn,  Heft  i,  1890,  p.  $4  et  seq.,  and  Heft  j, 
J 89 1,  p.  1 12  et  seq. ;  Stock,  Proteinkrystalle,  in  Cohn,  Bcitr.,  vi,  1893,  p.  213  et  seq. 
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shaped,  annular,  or  filiform.  Fig.  93,  p.  413),  Droseraceae  (as  in  the  Cacteae),  Aralia- 
ceae,  CandoIIeaceae,  Campanulaceae,  Ericaceae,  Oleaceae,  Gentianeae,  G>nvolviila- 
ceae»  Scrophularineae,  Lentibularieae,  Gesneraceae,  Bignoniaceae,  Verbenaceae» 
Amarantaceae,  Phytolaccaceae,  Nepenthaceae,  Euphorbiaceae,  Urticeae. 

I  25.  Other  Cell-Contents.  The  following  enumeration  deals  with 
cell-contents  other  than  those  hitherto  mentioned ;  the  deposits  in  question 
for  the  most  part  occur  only  in  herbarium-material  and  are  rarely  found 
in  the  living  plant  as  well ;  the  latter  is  the  case  with  the  deposits  of  gypsum, 
occurring  in  the  epidermis  of  certain  Capparideae  (Fig.  18,  £,  F,  p.  68),  and  the 
characteristic  clustered  and  solitary  crystals  of  the  Salvadoraceae,  which  con- 
sist of  an  unknown  organic  salt  of  lime  (Fig.  120,  A,  B,p.  527). 

Apart  from  the  prismatic  crystals  of  g3rpsum,  found  in  the  epidermis  of  the 
leaf  of  certain  Cappandeae,  and  the  peculiar  crjrstalline  elements  of  the  Salvadora- 
ceae, the  following  special  contents  have  been  observed :  (a)  crystalline  bodies  of 
diverse  kinds  and  of  unknown  chemical  composition,  in  certain  Berberideae  (Fig.  9, 
p.  44),  Nymphaeaceae,  Polygaleae,  Temstroemiaceae,  Malvaceae,  Zygophylleae 
(here  in  part  also  present  in  the  intercellular  spaces),  Gunnera,  Onagrarieae,  Umbel- 
liferae,  Myoporineae,  Selagineae,  Polygonaceae  and  Piperaceae ;  (h)  crystals  of 
hesperidin  in  certain  Rutaceae  (Fig.  40,  p.  175) ;  (c)  crystals  of  carotin  in  certain 
Onagrarieae  and  Scrophularineae;  {d)  berberin,  which  gives  a  )reUow  coloration  to 
the  wood,  in  the  Ranunculaceae,  Menispermaceae,  and  Berberideae;  (e)  rhamno- 
cathartin,  filling  the  medullary  rays  of  the  cortex  with  yellow  contents,  in  the 
Rhamneae  ;  (/)  cissose  in  the  Ampelidaceae  ;  (g)  saponin-like  substances  ^  in  the 
Caryophylleae,  Sapindaceae,  Papilionaceae,  Rosaceae  (QuiUaja)  and  Cacteae; 
{h)  crystals  of  quimne  in  the  CtncAona-barks  ;  (i)  crystals  of  cumarin  in  the  leaves 
of  Liairis  odoratissima  (Compositae) ;  (;)  scutellarin  m  the  Labiatae  ;  (k)  oroxylin, 
in  the  form  of  a  green  wax-hke  substance,  in  Oroxylum  (Bignoniaceae) ;  (/)  balano- 
phorin,  a  body  resembling  wax,  in  the  Balanophoreae ;  (m)  cr3^tals  of  indigo  or  bodies, 
consisting  of  indican,  in  many  Papilionaceae  (secretions  containing  indican  also  in 
the  secretory  cells  of  Arisiolochia  L.indeniana  var.,  and  in  the  secretory  cavities  of 
certain  Olacineae,  these  secretions  taking  on  a  blue  colour  with  eau  de  Javelle ; 
ior  blue  cystoliths,  see  under  Acanthaceae,  p.  10 19) ;  (n)  lastly,  alumina-bodies' 
in  the  mesophyll  and  cortex  of  the  species  of  Symplocos  (Styraceae). 

As  a  general  rule  no  very  great  degree  of  systematic  value  can  be  attributed 
to  the  occurrence  of  fat-bodies*,  which  are  found  in  the  assimilatory  tissue  (especially 
the  palisade-tissue)  in  herbarium-material  of  species  belonging  to  numerous  Orders, 
and  are  occasionally  doubly  refractive.  For  the  distribution  of  these  bodies,  see 
chiefly  Petit,  who  points  out  that  they  are  rare  in  the  Apetalae  and  in  the  Mono- 
cotyledons. With  the  fat-bodies  we  may  class  the  small  caoutchouc-bodies, 
which  occur  side  by  side  with  the  former  in  the  Celastrineae,  and  are  described  as 
characteristic  of  the  Hippocrateaceae  and  Sapotaceae. 

For  the  formation  of  tragacanth  and  tne  occurrence  of  gummosis,  see  {  18, 
p.  1 10 1. 

§  26.  Silica  *  It  is  a  familiar  fact  that  silica  occurs  both  as  an  incrusta- 
tion on  the  cell-wall  and  as  a  mass  filling  the  lumen  of  the  cell.  Siliciflcation 
of  the  cell-membrane  is  a  very  widely  distributed  phenomenon,  which  more 
particularly  affects  the  integumental  tissue,  and  chiefl^y  its  outer  walls.  Siliciflca- 
tion of  the  walls  of  hairs  is  of  very  frequent  occurrence,  and  silicification  of 
^oups  of  epidermal  cdls  is  likewise  a  common  feature ;  the  silicified  cells  in 


^  Regarding  these  bodies,  see  Kunkel,  in  Arb.  d.  pbarmakolog.  Inst.  Doq>at,  vi,  1891,  p.  5; 
Th.  Waage,  in  Pbarm.  Centralhalle,  1893,  p.  657;  Heyl,  in  Archiv  d.  Pbarm.,  1901,  p.  451 ;  and 
AVeil,  Saponinsubst.,  Diss.,  Strassbaig,  1 901,  also  in  Archiv  d.  Pbarm.,  1901,  p.  363. 

*  Radlkofer,  in  Ber.  deutsch.  bot.  Gesellsch.,  190^,  p.  188  et  seq. 

*  Radlkofer,  in  Sitz..Ber.  Miinch.  Akad.,  1889,  p.  267  and  1890,  p.  1  a^;  Petit,  Globules  rtfiingentt, 
Comptct  rendns  Acad.  Paris,  cxxxiii,  2*s^ni.,  1901,  p.  1250  and  Sph^mlins,  loc  cit,  cxxxv,  a*  s^m.. 


•  DeBaiy, 


Veigl.  Anat.,  1877,  P*  ^^  •  Kohl,  Kalksalze  n.  Kieselsaure,  1889,  p.  197  et  seq. 
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the  latter  case  are  often  grouped  round  about  silicified  hairs  or  function  as 
basal  cells  bearing  such  hairs,  and  are  not  unconunonly  visible  to  the  naked 
eye  as  small  rough  knobs  on  the  surface  of  the  dry  leaf.  In  other  cases  spherical 
or  hemisphericsd  groups  of  mesophyll-ceUs,  or  groups  composed  of  epidermal 
cells  and  the  subjacent  ceUs  of  the  palisade-tissue  undergo  silidfication,  those 
parts  of  the  walls,  which  abut  on  one  another,  being  affected ;  these  walls  are 
often  considerably  thickened  or  may  even  be  provided  with  cystoUth-like 
protuberances  (see  Fig.  i66^  G,  p.  684).  In  other  cases  again,  isolatea  cells  of  the 
mesophyll  are  silicified.  The  features  last  mentioned  are  sometimes  of  relatively 
great  systematic  value  (Olacineae).  Apart  from  that,  the  tendency  to  form 
silicified  ceUs  is  characteristic  of  certam  Orders  fe.g.  Boragineae  and  Aristo- 
lochiaceae).  Groups  of  siUdfied  cells,  consisting  of  a  malformed  stoma  and  the 
neighbouring  roidmnal  ceUs,  may  commonly  be  observed,  but  their  occurrence 
is  of  no  value  tor  systematic  purposes.  It  remains  to  mention  that  carbonate 
of  lime  often  occurs  side  by  side  with  the  silica  in  the  siUcified  cell-walls  \ 

Cdls  with  strongly  silicified  membranes  have  been  observed  in  the  following 
Orders  :  Dilleniaceae  (eptdermal  cells,  mesophyll,  and  spiny  hairs),  Calycanthaceae 
(hairs  and  their  subsioiarv  cells),  Magnouaceae  (epio.  cells),  Trochodendraceae 
(epid.  cells  +  paUsade-cells),  Menispermaceae  (special  groups  of  epid.  cells), 
Burseraceae  (epidennis),  Olacineae  (cells  of  the  mesophyll,  soutary  or  in  groups. 
Tribe  Olaoeae),  Philadelpheae  (epidermis),  Caesalpimeae  (cells  of  the  mesophyll), 
Mimoseae  (epid.  cells  +  pal.-ceUs),  Chrysobalaneae  (epidermis,  cells  of  the  meso- 

eyU,  small  knobs  due  to  the  hairs),  bruniaceae  (epidermis),  Halorageae  (small 
obs  due  to  the  hairs),  Combretaceae  (epidermis),  Cucurbitaceae  (cells  of  the 
mesophyll,  small,  knobs  due  to  the  hairs),  Rubiaceae  (epidemiis),  G>mpo8itae  (small 
knobs  one  to  the  hairs),  Goodeniaceae  (epidennis  -h  cells  of  the  mesophyll), 
Campanulaceae  (reduced  hairs),  Oleaceae  (small  knobs  due  to  the  hairs),  Hyaxx>- 
phyUaceae  (small  knobs  due  to  the  hairs),  Boragineae  incL  Cordiaceae  (small  knobs 
due  to  the  hairs),  Gesneraceae  (walls  of  the  hain),  Biffnoniaceae  (odls  of  the  meso- 
phyll), Acanthaceae  (epidennis),  Verbenaceae  (small  knobs  due  to  the  hairs), 
Anstolochiaceae  (epid.  cells  +  palisade-oeUs,  cells  of  the  mesophyll.  Fig.  166, 
p.  684),  Piperaceae  (epidermis),  Chloranthaceae  (epidermis  +  cells  of  the  mesophyll, 
cortex),  Proteaceae  (epidermis),  Loranthaceae  (cells  of  the  mesophyll),  Santafareae 
(cells  of  the  mesophyll),  Mygodendron  (cells  of  the  mesophyll),  Cham^eia  (ceUs  of 
the  mesophyU),  Euphorbiaceae  (small  knobs  due  to  the  hairs,  epidermis),  Urticaceae 
(small  knobs  due  to  the  hairs,  epidermis,  cells  of  the  mesophyU,  fibrous  cells  of  the 
bast). 

There  are  far  fewer  records  of  the  occurrence  of  siliceotts  matter  in  the 
lumina  of  the  cells  than  of  siUcification  of  the  cell-wall.  The  siliceous  matter 
appears  in  the  form  either  of  silica-bodies,  which  lie  freely  in  the  lumina 
of  the  cells  and  arise  freely  in  the  protoplasm,  or  of  silica-plugs  ;  the  latter  are 
either  formed  freely  in  the  protoplasm  or  are  due  to  the  apposition  of  siUceous 
matter  upon  the  cell-wall,  and  ultimately  fill  the  entire  lumina  of  the  ceUs. 

Tothiscategorybelonf^:  the  siliceous  excretions,  found  in  the  mesophyU  of  certain 
Dilleniaceae  and  in  the  emdermis  of  the  leaf  of  a  member  of  the  Magnohaceae ;  the 
siUca-bodies  and  siHca-plues  in  the  cortex  of  Eucommia  (Trochodendraceae) ;  the 
silica-bodies  in  the  mesophyU  of  species  of  Meliosma  (Sabiaceae) ;  the  siUceoos 
masses,  filling  (a)  the  sac-shaped  ceUs  found  near  the  terminations  of  the  veins  in 
Arcan^eiisia  (Menispermaceae),  (b)  some  of  the  cells  of  the  parench3ana  accompanying 
the  veins  in  Ficus,  Parartocarpus,  and  Sparattosyce  (Moraceae),  and  (c)  the  spicular 
cells  of  CefUraplacus  (Bixineae)  and  Cynometra  (Caesalpimeae) ;  the  siUca-bodies 
and  silica-plugs,  occurring  in  numerous  Chrysobalaneae ;  the  silica-bodies  of  the 
Podostemaceae  (Fig.  163,  p.  6;r5) ;  the  siUca-plugs  in  the  hypoderm  of  the  leaf  of 
Thottea  and  Apama  ( Aristouxhiaceae,  Fig.  166,  If,  y,  p.  684) ;  the  siUca-bodies,  found 
in  the  wood-parenchyma*  in  certain  Dipterocarpeae,  Malvaceae,  StercuUaceae,  Tilia- 


^  For  the  oocurenoe  of  silica  in  cystoliths  and  cystoUth-like  structuries,  see  f  a8. 
'  Baqj^li-Petrucci,  in  Malpighia,  1903. 
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ceae,  Burseraceae,  Anacardiaceae  and  Sapotaceae.  Silica-plugs,  moreover,  appear 
to  occur  quite  frequently  in  some  oi  the  cells  composing  cell-groups  with  sihafied 
walls.  The  occurrence  of  silica-plugs  in  the  vessels  or  other  cells  of  the  heart- 
wood  has  only  been  recorded  in  the  plant  from  which  '  cauto  '-bark  is  obtained 
(Chrysobalaneae)  and  in  some  of  the  Verbenaceae ;  silica-plugs  have  been  observed 
in  intercellular  spaces  only  in  *  cauto  '-bark. 

{  27.  GkRBONATB  OF  LiME.  Caldflcatlon  of  the  cell- wall  is  no  common 
phenomenon.  The  parts  chiefly  affected  are  the  walls  of  certain  forms  of 
hairs,  which  in  these  cases  often  have  a  verrucose  surface  (the  most  important 
being  the  '  cystolith-hairs '),  and  the  cystoliths  and  cystolith-like  structures 
(see  I  28).  Carbonate  of  lime,  however,  also  occurs  side  by  side  with  the 
silica  in  the  walls  of  the.  small  knobs,  formed  by  the  hairs  of  certain  Com- 
positae,  &c.  A  featmre  deserving  special  mention  is  shown  by  the  groups  of 
enlarged  epidermal  cells,  found  in  the  leaf  of  Hanburia  (Cucurbitaceae,  see 
Fig.  86,  p.  393) ;  the  common  walls  of  contact  between  the  cells  are  encrusted 
with  carbonate  of  lime,  while  at  the  same  time  well*differentiated  crystals  of 
the  same  salt  are  deposited  on  the  walls. 

An  incrustation  of  the  cell-wall  with  carbonate  of  lime  has  been  observed 
in  the  thchomes  of  the  Cruciferae,  Papilionaceae,  Saxifrafaceae  (quite  generally 
in  the  Philadelpheae  and  Hydrangeae),  Loaseae,  Cucurbitaceae,  UmMlhferae, 
Comaoeae,  Compositae,  Campanulaceae,  Plocospermaf  Hydrophyllaceae,  Boragineae, 
Scrophularineae,  Gesneraceae,  Verbenaceae  and  Urticaceae  (Figs.  181  and  182, 
pp.  769  and  773). 

In  some  woody  plants  carbonate  of  lime  appears  in  the  form  of  cell- 
contents,  filling  the  vessels  and  other  elements  of  the  wood  (especially  of  the 
heart-wood),  as  well  as  cells  of  the  pith  \  In  order  to  avoid  confusion  with 
resinous  suli^tances,  which  very  frequently  block  up  the  lumina  of  the  vessels, 
it  is  necessary  to  apply  the  well-known  reactions  demonstrating  the  presence 
of  carbonate  of  lime. 

Carbonate  of  lime  has  been  shown  to  occur  in  the  wood  or  pith  in  the  following 
Orders:  Anonaceae,  Zwophylleae,  Aceraceae,  Rosaceae,  Comaceae,  Epacrideae, 
Sapotaceae,  Urticaceae,  Cupuuferae,  Salicineae. 

§  28.  Cystoliths  and  Structures  Resembling  Cystoliths  2.  Under 
cystoliths  in  the  narrower  sense  only  those  protuberances  of  the  cell-wall 
are  understood,  which,  like  the  familiar  cystoliths  of  Ficus,  show  differentiation 
into  a  stalk  and  a  body.  As  a  rule  both  carbonate  of  lime  and  silica  play 
a  part  in  the  incrustation  of  the  cystolith,  the  lime  being  deposited  chiefly 
in  and  on  the  body,  while  the  silica  is  mostly  confined  to  the  stalk  and  the 
nucleus  of  the  cystolith.  These  structures  are  still  described  as  cystoliths, 
when  carbonate  of  lime  is  absent  (uncalcified  cystoliths,  '  cvstotyles  '  of  Radl- 
kofer),  the  body  of  the  cystolith  in  such  a  case  occasionally  Decoming  suberized 
or  Ikpified.  They  even  remain  cystoliths,  when  they  consist  throughout  of 
silicined  cellulose.  We  may  at  once  note  that  these  difierehces  in  the  nature 
of  the  incrustation  are  of  no  very  great  systematic  value,  since  cystoliths  with 
and  without  incrustation,  and  cystoliths  showing  diverse  tj^pes  of  incrustation 
may  occur  side  by  side  even  in  one  and  the  same  species. 

Cystoliths  are  found  in  the  integumental  tissue  and  mesophyll  of 
the  leaf  and  in  the  pith  and  cortex  of  the  axis ;  they  have  not  hitherto  been 
observed  in  the  wood.  In  the  majority  of  cases  they  occur  chiefly  in  the 
epidermis  of  the  leaf,  where  they  fill  cells  which  are  often  of  large  size  and 


^  See  Molisch,  in  Sitz.-Ber.  Wiener  Akad.,  IxzxLt,  Abt.  i,  1881. 
*  See  especially  Kohl,  KalksaUe  n.  Kietelsanre,  1889,  p.  115  et  seq. 
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have  a  shape  adapted  to  that  of  the  cystolith ;  these  cells  penetrate  into  the 
inner  tissues  and  mostly  participate  in  the  formation  of  the  surface  of  the 
leaf  only  with  a  small  part  of  their  wall.  At  this  point  the  stalk  of  the  cystolith 
is  generally  attached;  however,  not  unconmionly  (Acanthaceae),  the  stalk 
appears  to  become  resorbed  secondarily.  Well-developed  cj^stohths  are  occa- 
sionally found  also  in  epidermal  cells,  which  are  differentiated  as  papillae  or 
short  hairs.  The  shape  of  the  cystohths  varies,  being  spherical,  ellipsoidal, 
f usiform^  &c. ;  they  are  mostly  unbranched,  branched  tystoliths  being  rare 
(certain  Acanthaceae,  Hemandiaceae  and  Urticaceae).  The  shape  of  the 
cystoUths  can  often  be  determined  with  the  help  of  a  lens,  since  m  the  dry 
leaf  they  frequently  appear  in  the  form  of  dots,  striulae  or  small  star-like 
structures,  ny  the  combination  of  two  or  more  cystoliths  or  of  the  cells 
containing  them  ('  lithocysts  '  of  Radlkofer)  there  result  the  double  cystoliths 
or  groups  of  cystoliths,  which  occur  in  the  Opilieae  (Fig.  47,  p.  203),  in  certain 
Cucurbitaceae  (Fig.  85,  p.  391)  and  Acanthaceae  (Fig.  144,  p.  615),  and  in 
Champereia  (Fig.  179,  p.  736).  In  these  structures  the  stalks  of  the  cystoliths 
are  attached  to  the  common  wall  of  contact,  or,  in  the  case  of  groups  of  cysto- 
liths, to  the  walls,  which  abut  on  one  another. 

Cystoliths  have  been  observed  in  the  Olacineae  (all  Opilieae,  Fig.  47,  p.  203), 
Cucurbitaceae  (Momovdica  and  Coccinia^  Fig-  85,  p.  391),  ^ragineae  {Toumefortia 
and  Cofdia^  Fig.  127,  ^,  p.  559),  Gesneraceae  (Klugia  and Rhynchoglossufn)\  Acantha- 
ceae (very  widely  distributed.  Fig.  144,  p.  615  ;  regarding  blue  cystoliths,  see 
under  Acanthaceae,  p.  10 19),  Hemandiaceae  (Gyrocarpus  and  SpatattaniheHtan^ 
Fig.  172,  p.  708),  Champereia  (only  in  the  axis.  Fig.  179,  p.  736),  and  Urticaceae 
(certain  Uunaceae,  Cannabineae,  Moreae  and  Urticeae,  Figs.  182  and  183,^4,  pp.  773 
and  776). 

The  structures  resembling  cystoliths  differ  from  true  cystoliths  in  the 
fact  that  the  stalk  is  absent,  or  at  least  not  distinctly  differentiated.  As  in 
the  case  of  the  typical  cystoliths,  the  cystolith-like  structures  are  encrusted 
either  with  carbonate  of  hme  and  silica,  or  only  with  the  one  or  the  other  sub- 
stance. Structures  resembling  cystoliths  are,  in  the  first  place,  found  in  tri- 
chomes,  and  are  then  known  as  hair-cystoliths  (Figs.  82, 127, 181,  G,  and  182, 
pp.  379,  559,  769,  773).  These  hair-cystoliths  either  arise  from  the  lateral 
wall  at  the  base  of  the  hair  or  form  a  continuation  of  the  body  of  the  hair, 
which  is  fiUed  for  a  varying  distance  with  caps  of  cellulose,  the  latter  being 
either  calcified  or  silicified,  or  both  calcified  and  silicified.  The  differentiation 
of  the  hair-cystoliths  shows  an  antagonistic  relation  between  the  development 
of  hairs  on  the  one  hand  and  of  cystoliths  on  the  other,  inasmuch  as  the 
greater  the  reduction  in  the  length  of  the  hair,  the  more  strongly  developed 
are  the  bodies  of  the  cystoliths,  and  the  more  closely  do  they  resemble  the 
tj^ical  cystoliths  (see  Figs.  181,  182,  pp.  769,  773).  Papillose  epidermal 
cells  are  frequently  seen  to  contain  t5^ical  cystoliths  (see  above).  So  that, 
whilst  the  hair-cystoliths  on  the  one  hand  are  connected  by  transitional  forms 
with  typical  cystoliths,  we  find  on  the  other  hand  all  transitions  from  hafr- 
cystoUths  to  hairs  showing  complete  reduction  of  the  bodies  of  the  cystoliths,  cul- 
minating in  hairs,  which  are  simply  calcified.  With  the  cystolith-like  structures 
we  may  also  class  thickenings  of  the  cell-wall  (briefly  described  as  protuber- 
ances in  the  synopsis,  which  follows  below),  which  are  found  projectm^  in  the 
form  of  humps  into  the  lumina  of  the  subsidiary  cells  of  certain  kinds  of 
trichomes  (the  latter  being  calcified  or  silicified  or  provided  with  hair-cysto- 
liths, Fig.  127,  C,  D,  p.  559),  and  now  and  then  also  occur  independently  of  the 


^  The  stiUGtures,  observed  by  Clarke  (Hooker,  Icones,  Plate  1798,  ed.  1888)  in  the  leaf  of  the 
Gesieraceous  species  Hemiboea  ffenryi,  Clarke  and  interpreted  by  him  as  c3rstoUth5,  are  not 
cystoliths,  bat  rod-shaped  spicular  cells,  as  I  am  able  to  state  on  the  basis  of  a  recent  investigation. 
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hairs  in  groups  of  epidermal  cells  (see  Fig.  85,  p.  391)  or  in  the  ground  tissue 
of  the  leaf  (Fig.  179,  p.  736)  ;  we  may  aJso  include  here  the  local  peg-shaped 
thickenings  found  in  certain  species.  The  cystoUth-like  structures  found  in 
the  subsidiary  cells  of  the  hairs  arise  from  those  parts  of  the  walls  which  abut 
on  the  trichomes ;  the  latter  are  invariably  unicellular.  The  lithocysts  iorm 
small  knobs  at  the  bases  of  the  hairs,  sometimes  together  with  calofied  and 
sihcified  cells  devoid  of  cystoUth-like  structures  (cf.  §  26). 

Structures  resembling  cystoliths  have  been  observed  in :  Cistineae  (species  of 
Cisiusy  with  sdlicified  protuberances  in  epidermal  cells,  &c.^),  Papilionaceae  (species 
of  Cyamopsis  and  Inaigofera,  with  a  calcified  body  resembling  a  cystolith  in  the 
terminal  cells  of  the  two-armed  hairs),  Mimoseae  (protuberances  in  the  subsidiary 
cells  of  the  hairs,  calcified  in  Affonsea),  Samydaceae  {Homalium  donquaiense^  with 
silidfied  protuberances  in  the  mesophyll),  Loaseae  (hair-cystoliths,  protuberances 
in  the  subsidiary  cells  of  the  hairs,  Fig.  82,  p.  379),  Cucurbitaceae  (as  in  the  Loaseae, 
see  also  Fi^.  85,  p.  391),  Compositae  (calcined  protuberances  sometimes  present 
in  the  subsidiary  cells  of  the  hairs),  Campanulaceae  (protuberances  in  reduced 
trichomes,  in  the  epidermal  cells  of  the  margin  of  the  leaf  and  in  the  subsidiary  cells 
of  the  hairs,  occasionally  calcified),  Myrsineae  (protuberances  in  the  epidermis  of  the 
leaf  in  Clavija  boliviensts),  Oleaceae  (silicified  protuberances  in  the  subsidiary  cells  of 
the  hairs  of  Nyctanthes),  Plocospermd  (calcified  protuberances  in  the  subsidiary  cells 
of  calcified  hairs),  Polemoniaceae  (silicified  protuberances  in  papillose  epidermal  cells 
and  hair-ceUs),  HydrophyUaGeae  (hair-cystoliths  and  protuberances  in  subsidiary 
cells  of  the  hairs,  calcined),  Boragineae  (as  in  the  previous  case,  Fig.  127,  p.  559)» 
Scrophulajineae  (hair-cjrstoliths  and  protuberances  in  the  subsidiary  ceUs  of  the 
hairs,  calcified),  Verbenaceae  (as  in  the  previous  Order),  Loranthaceae  (silicified  pro- 
tuberances in  the  epidermis  and  mesophyll),  Santalaceae  (silicified  protuberances  in 
the  ground  tissue),  Champereia  (as  in  the  previous  case.  Fig.  179,  p.  736),  Euphorbia- 
ceae  (silicified  protuberances  in  the  subsidiary  cells  of  the  hairs  of  Bernardia),  Urtica- 
ceae  (hair-cystoliths,  protuberances,  some  of  them  peg-shaped,  in  the  subsidiaiv 
cells  of  the  hairs,  and  in  epidermal  cells,  hypodermal  cells  and  cells  of  the  mesophyll, 
calcified  or  silicifi^  Figs.  181,  182,  pp.  769,  773). 

We  may  also  include  here  the  small  peg-shaped  structures  arising  from  the 
outer  walls  of  the  epidermal  cells  in  Erythroxylon  obtusum  (Lineae),  and  the  peg- 
shaped  bodies  found  in  special  epidermal  cells  in  the  leaf  of  Anamirta  and  Arcan- 
gelisia  (Menispermaceae),  the  cells  in  question  functioning  as  hydathodes. 

Quite  a  special  form  of  the  structures  resembling  cystoliths  is  constituted 
by  the  uncalcined  cystotyles  and  cystospheres,  which  occur  in  certain  Begonia- 
ceae,  and  are  arranged  in  pairs  after  the  manner  of  the  double  cystoliths ; 
they  have  an  approximately  hemispherical  shape  and  are  inserted  on  the 
common  wall  of  contact  between  their  lithocysts  by  means  of  a  small,  scarcely 
marked  stdk.  The  cystotyles  of  the  Begoniaceae  are  distinguished  by  the 
fact  that  they  consist  of  a  mucilaginous  ground-substance,  wmch  after  treat- 
ment with  alcohol  shows  concentric  stratification  and  radial  striation,  while 
in  some  of  the  cystotyles  the  ground-mass  is  impregnated  with  a  resinous 
substance.  The  distinctive  character  of  the  cystospheres  hes  in  their  being 
composed  of  a  mass  of  secretion,  which  is  enclosed  in  a  kind  of  sac  ;  for  details 
see  pp.  402,  403,  and  Fig.  87.  The  cystospheres  are  closely  related  to  the 
secretory  cells  of  certain  Magnoliaceae,  Canellaceae,  &c.,  in  which  the  secretion 
is  enclosed  in  a  peculiar  pouch  ;  cf.  §  14,  p.  1096. 

We  may  mention  the  following  facts  regarding  the  systematic  impor- 
tance of  the  cystoliths  and  cystolith-like  structures.  The  cystoUths  in  the 
strict  sense  have  proved  to  be  of  most  value,  for  they  occur  only  in  a  few  Orders 
and  are  characteristic  of  whole  tribes  or  genera.  How  far  the  shape  and 
position  of  the  cystoUths  can  be  employed  for  taxonomic  purposes  is  shown 


'  According  to  Card,  in  Comptes  rendns  Acad.  Paris,  cxlv,  1907. 
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especially  by  the  systematic  papers  dealing  with  the  cystoliths  of  the  Acan- 
thaceae  and  Urticaceae.  The  cystotyles  and  cystospheres  of  the  Begooiaceae 
are  not  of  general  occurrence  throughout  the  Order^  but  are  often  character- 
istic of  certain  sections  of  the  genus  Begonia.  Data  as  to  the  extent  to  whidi 
the  cystolith*like  structures  can  be  employed  in  distinguishing  species  are 
contamed  chiefly  in  Mez's  and  Priemer's  papers,  which  deal  with  the  cystoliths 
of  the  Cordiaceae  and  Ulmaceae  respectively. 


IV.    Hairy  Covering  \ 

I  29.  General  Review.  In  this  chapter  I  propose  to  deal  both  with 
the  clothing  hairs  (H  30-33)  and  the  glandular  hairs  (i  34) ;  in  addition, 
we  may  append  to  our  discussion  of  the  latter  a  consideration  of  glandular 
leaf-teeth  (|  35),  large  glandular  mechanisms,  which  mostly  excrete  nectar 
and  are  therefore  generaUy  described  as  extrafloral  nectaries  (§  36),  the  lime- 
and  salt-elands  of  the  Frankeniaceae,  Tamariscineae,  and  Plumbs^ineae  (§  37), 
and  special  forms  of  glands  found  in  insectivorous  plants  (§  38). 

As  is  well  known,  clothing  and  glandular  hairs  are  distinguished  from 
one  another  by  the  absence  and  presence  respectively  of  secretion.  The 
product  of  the  secretion  is,  however,  not  always  of  an  oily,  resinous  or  muci- 
laginous nature,  but  may  sometimes  (in  the  case  of  hydathodes)  be  nothing  but 
water,  nor  does  the  process  of  secretion  always  continue  throughout  the  life 
of  the  plant ;  very  often,  moreover,  the  plants  are  only  availably  for  investiga- 
tion in  the  form  of  herbarium-matenal.  Under  these  circumstances  the 
recognition  of  a  trichcxne  as  a  clothing  or  glandular  hair  would  be  attended 
with  difficulties  were  it  not  for  the  fact  that  the  glandular  hairs  are  in  almost 
all  cases  distinguished  morphologically  as  well  as  by  their  function,  inasmuch 
as  the  upper  secreting  portion  is  more  or  less  sharply  marked  ofE  (frequently 
in  the  form  of  a  head)  trom  a  basal  portion  resembling  a  stalk,  or  at  least  has 
thinner  walls  than  the  basal  portion.  When  a  systematic  anatomical  investiga- 
tion is  being  undertaken  on  herbarium-material,  it  is  necessary  to  pay  special 
attention  to  these  features.  In  some  cases  living  material  is  mdispensable,  if 
the  nature  of  a  trichome  is  to  be  properly  determined. 

The  systematic  value  of  the  hauy  covering  is  very  great.  In  the 
first  place  the  presence  or  absence  of  glandular  hau^  affords  an  important 
feature,  which  is  sometimes  characteristic  of  entire  Orders,  while  in  other 
Orders  it  only  serves  to  distinguish  genera  or  species.  In  the  second  place  the 
morphological  structure  of  the  hairs  is  to  be  taken  into  consideration.  As 
regards  the  clothing  hairs,  a  first  point  of  great  importance  is  whether  they  are 
unicellular  or  uniseriate.  Althoujg^h  these  two  forms  of  h^urs  are  not  at  all 
uncommonly  found  side  by  side  in  the  same  species  (often  even  on  the  same 
organ  of  the  plant),  in  certain  Orders  we  find  that  without  exception,  or  almost 
without  exception,  only  unicellular  or  only  uniseriate  hairs  are  present  either 
on  all  the  organs  of  the  plant  or  at  least  on  the  vegetative  organs.  In  the 
Papilionaceae  and  G>mpositae,  for  instance,  nearly  all  the  clothing  hairs  hitherto 
observed  are  uniseriate,  while  in  the  Cruciferae  only  unicellular  clothing  hairs 
have  been  recorded.  In  the  case  of  multicellular  glandular  hairs,  a  reature 
which  is  quite  especially  valuable  for  taxonomic  purposes  has  been  shown  to 
lie  in  the  mode  of  division  of  the  head ;   in  some  cases  the  head  is  divided 


'  See  A.  WeiM,  Pflanzenh.,  Berlin,  1867,  alio  in  Kanten,  Bot  Untersnch.,  Bd.  i ;  Martinet,  io 
Ann.  8C  nat,  %tt.  5,  t.  xiv,  1873 ;  De  Baiy,  Veigl.  Anat,  1877 ;  Theorin,  Vaxttrichom.,  AichW  for 
BoC.,i,  iii,  and  iv,  1903-5 ;  Hiisch,  Untennch.  Ober  d.  EntwickL  d,  Haare  bei  den  Pfl.,  Diss.,  Berlin, 
1899,  41  pp.,  also  in  FUnfirtUck,  Beitr.,  iv. 
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exclusively  by  means  of  vertical  walls,  while  in  other  cases  the  division-walls 
are  horizontal,  or  both  horizontal  and  vertical.  In  this  way,  for  examide,  it 
is  possible  to  distinguish  the  Scrophularineae  from  the  Solanaceaet  since  the 
Scrophularineae  have  glandular  hairs  of  the  first  type,  while  the  Solanaceae 
have  those  of  the  second  type.  In  the  third  place  an  abundance  of  useful 
characters,  servinjg;  to  distinguish  taxonomic  groups  of  varying  magnitude 
down  to  species,  is  afforded  by  the  numerous  modifications  in  the  form  and 
size  of  the  hairs  ;  in  the  case  of  the  clothinc;  hairs  similar  characters  are  pro- 
vided by  the  shape  of  the  cells  composing  the  hairs,  as  weU  as  by  the  nature 
of  their  walls  and  lumina,  and,  in  the  case  of  the  glandular  hairs,  by  the  struc- 
ture of  the  secreting  portion  and  stalk,  and  the  localization  and  nature  of  the 
secretion. 

In  some  Orders,  genera,  and  species  only  one  form  of  hair  is  found,  but 
in  other  cases  two  or  more  tj^pes  of  hairs  are  present.  In  the  latter  case  a 
certain  definite  plan  of  structure  frequently  reappears  in  all  the  different  forms 
of  hairs  belonging  to  the  same  Order  (see  Cruciferae,  Droseraceae,  Loganiaceae- 
Buddleioideae,  Convolvulaceae,  &c.),  ^enus  or  species. 

In  investigating  the  hairy  covermg  with  a  view  to  its  employment  for 
systematic  ptuposes  it  is  advisable  to  make  the  investigation  a  comparative 
one,  and,  wherever  possible,  always  to  examine  the  same  organs  of  the  plant, 
viz.  in  the  first  place  the  leaf,  then  the  axis,  and  only  as  a  last  resort  (namely, 
when  no  trichomes  are  to  be  found  on  the  vegetative  organs)  the  reproductive 
organs  ^. 

§  30.  Classification  of  the  Clothing  Hairs.  The  typical  forms  of 
clothing  hairs  may  be  distinguished  as  follows  : — I.  Simple  clothing  hairs 
or  briefly  hairs,  which  are  formed  by  a  single  cell  (not  developed  as  a  fiat 
structure),  or  by  a  row  of  two  or  more  cells.  11.  Peltate  hairs,  scales  or  lepides, 
i.e.  sessile  or  stalked  structures,  which  consist  in  the  main  either  of  a  single  cell, 
developed  as  a  flat  surface  (in  the  formation  of  which  the  stalk  may  participate), 
or  of  a  varying  ntunber  of  cells  arranged  in  one  or  more  layers;  with  the  peltate 
hairs  we  may  associate  the  st^ate  and  candelabra-hairs,  discussed  in  $§  31 
and  32.  III.  Shaggy  hairs,  i.e.  filiform  structures,  the  base  of  which  at 
least  consists  of  two  or  more  rows  of  cells,  such  hairs  being  either  of  epidermal 
origin  or  of  the  nature  of  emergences ;  and  with  them  we  may  class  warts 
and  Sfrfnes,  i.e.  massive  multicdlular  structures,  which  either  have  blunt  or 
pointed  ends  and  are  Ukewise  partly  of  the  nature  of  emergences. 

§  31.  Simple  Clothing  Hairs.  This  section  first  contains  a  synopsis 
of  the  distribution  of  the  ordinary  (mostly  fiUform)  unicellular  and  uni- 
seriate  clothing  hairs  in  the  different  Coders  ;  unicellular  hairs,  which  show  a 
vesicular  or  papillose  differentiation,  are  summarized  under  a  separate  heading. 
It  is  impossible  to  enter  into  details  here  regarding  the  mamfold  individual 
differences  in  structure  shown  by  the  simple  clothmg  hairs  (already  in  part 
referred  to  in  §  29) ;  these  differences,  which  concern  the  length,  shape,  and 
structure  of  the  walls  and  lumina  of  the  cells  composing  the  hairs,  and  (more 
especially  as  regards  the  uniseriate  trichomes)  also  the  structure  and  position 
of  the  division-waUs  and  the  mode  of  demarcation  of  the  cells,  can  all  be 
employed  for  systematic  purposes,  when  their  constancy  has  been  suf&ciently 
established.  Only  a  few  forms  of  hairs,  which  are  quite  particularly  note- 
worthy (e.g.  especially  bracket-hairs,  two-  and  one-armed  hairs,  and  branched 


^  The  hairs  (and  especially  the  glandnlar  hairs),  fonnd  in  the  floral  region,  occasionally  show 
a  reduced  form  or  even  an  altered  plan  of  stmcture  as  compared  with  the  hairs  present  on  the  leaves 
of  the  same  species ;  see,  for  instance,  under  Vcrhenaceae,  p.  102 1. 
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hairs  of  the  stellate  and  candelabra-types,  which  can  be  derived  from  uniceUnlar 
and  uniseriate  hairs),  will  be  considered  in  greater  detail  and  with  special  refer- 
ence to  their  distribution. 

I.  UniceUular  clothing  hairs  of  a  papllloae  or  veaicular  type  (of.  also  {  2, 
p.  1076)  have  been  observed  in  the :  Keaedaceae,  Fumariaceae,  Caryophylleae, 
Fortulaoeae,  Geraniaceae,  Celastrineae,  Hippocrateaceae,  Rhamneae,  Aceraceae, 
Coriarieae,  Papilionaceae  (rare  and  only  occurring  in  those  species,  which  have  a 
papillose  epidermis),  Crassulaceae  (Fig.  70,  B,  C,p.  321),  Halorageae,  Melastomaceae, 
Lythrarieae,  Ficoideae,  UmbeUiferae,  Rubiaceae,  Campanulaceae,  Loganiaoeae, 
Gentianeae,  Polemoniaceae,  Plantagineae,  Illecebraceae,  Amarantaoeae,  and  Mora- 
ceae.    For  the  development  of  ordinary  papillae  on  the  epidermis,  see  §  i,  p.  1073. 

II.  Ordinary  nnicellnlar  clothing  hairs  ^  of  greater  length  have  been  observed 
in:  Ranunculaceae  (Fig.  i,p.  16,  see  also  III),  IMlleniaceae,  Calycanthaceae (Fig. 3, 
p.  2^),  Magnoliaceae  (see  ill),  Trochodendraceae  (see  III),  Anonaceae  (see  III), 
Memspermaceae  (see  III),  Berberideae  (see  III),  Sarraceniaceae,  Crudferae  (Fig.  15, 
p.  63),  Capparideae  (Fig.  19,  p.  75,  see  III),  Resedaceae,  Cistineae  (Fig.  21,  p.  81), 
Violarieae  (see  III),  Bixineae  (see  III),  Tremandreae,  Polygaleae  (see  III),  Vochy- 
siaceae,  Frankeniaceae,  Portulaceae,  Tamaiiscineae,  Elatineae  (see  III),  Hypericineae 
(see  III),  Guttiferae  (see  III),  Temstroemiaceae  (see  III),  Dipterocaipeae,  MonoUs^ 
Chlaenaceae,  Malvaceae  (see  III),  Sterculiaceae  (see  III),  Tiliaceae  (see  III),  Rhapto- 
petalaceae,  Lineae,  Humiriaceae  (see  III),  Zygophylleae  (Fi^.  38*  P«  168),  G^raniaoeae 
(see  III),  Rutaceae  (see  III),  Simanibaceae(see  HI),  Koeberhnta,  aalaniUs^  Ochnareae 
(see  III),  Burseraceae  (see  III),  Meliaceae  (see  III),  Cbailletiaceae  (Fig.  46,  p.  198), 
Olacineae  (see  III),  Ilidneae  (see  III),  Celastrineae  (see  III),  Pentaphylacaceae, 
Stackhousieae,  Rhamneae  (see  III),  Ainpelidaceae  (see  III),  Sapindaceae  (see  III), 
Hippocastanaceae  (see  III),  Aceraceae  (see  III),  Staphyleaceae,  Sabiaceae  (see  III), 
Anacardiaceae  (see  III),  Moringeae,  Connaraceae,  Caesalpinieae  (see  III),  Biimoseae 
(see  III).  Rosaceae,  Saxifragaceae  (see  III),  Droseraceae,  Hamamelideae,  Brunia- 
ceae,  Halorageae  (see  III,  Gunneroideae,  SchindL),  Rhizophoraceae,  Combretaceae 
(Fig.  76,  p.  346),  M3rrtaceae  (sens,  str.),  Lecythidaceae  (see  III),  Melastomaceae  (rare, 
see  III),  Lythrarieae  (see  III),  Onagrarieae  (see  III),  Samydaceae  (see  III),  Loaseae 
(Fig.  82,  p.  379,  see  III),  Tumeraceae  (see  III),  Passifioraceae  (see  III),  Cucurbita* 
ceae  (see  III),  Cacteae  (see  III),  Ficoideae,  UmbeUiferae  (see  III),  Comaceae,  Capri- 
foliaceae,  Rubiaceae  (Fig.  loi,  p.  446,  see  III),  Valerianeae  (see  III),  Dipsaceae, 
Candolleaceae,  Goodeniaceae  (see  III),  Campanulaceae  (see  III),  Lobeliaceae  (see 
III),  Vacciniaceae  (see  III),  Ericaceae  (see  III),  Monotropeae,  Epacrideae  (see  III), 
Diapensiaceae,  Plumbagineae,  Sapotaceae  (Delpydora),  Ebenaceae,  Oleaceae  (see  III), 
Salvadoraceae,  Apocynaceae  (see  III),  Asclepiadeae  (see  III),  Ldganiaceae  (see  III), 
Plocosperma,  Gentianeae  (see  III),  Polemoniaceae  (see  III),  Hydrophyllaoeae  (see 
III),  Boragineae  (Fig.  127,  p.  559,  see  III),  Cuscuteae  (see  III),  Nolaneae  (see  III), 
Solanaceae  (rare,  see  III),  Scrophularineae  (see  III),  Orobanchaceae  (see  III),  Colu- 
melliaceae,  Binioniaceae  (see  III),  Pedalineae  (see  III),  Acanthaceae  (see  III),  Ver> 
benaceae  (see  III),  Labiatae  (see  III),  Illecebraceae  (see  III),  Amarantaceae  (see  III), 
Chenopodiaceae  (very  rare,  see  III),  Polygonaceae  (see  III),  Myristicaceae,  Monimia- 
ceae,  Laurineae,  Hemandiaceae,  Proteaceae  (see  III),  Thymelaeaceae,  Octolepts^ 
Gony stylus,  Penaeaceae,  Geissoloma,  Santalaceae  (see  III),  Myzodendron,  Grubbia, 
Balanophoreae,  Euphorbiaceae  (see  III),  Buxaceae  (see  III),  Ulmaceae  (mostly,  see 
III),  Cannabineae  (see  III),  Moraceae  (see  III),  Urticeae,  Thelygoneae,  Juglandeae, 
Myricaceae  (see  III),  Cupuliferae  (see  III),  Salidneae,  Lacistemaceae  (see  III), 
Empetraceae,  Ceratophylleae ;  unicellular  clothing  hairs,  but  showing  a  special  type 
of  structure  throughout  (see  p.  1 1 17  et  seq.),  are  found  also  in  the  Orders  Malpighia- 
ceae,  Papilionaceae,  Compositae,  Sapotaceae  (exd.  Delpydora)  and  Styraceae. 

III.  Ordinary  simple  uniseriate  dothinp:  hairs  or  trichomes  differing  but  little 
from  the  ordinary  tjrpe  (see  p.  1 1 1 8  under  trichomes  with  long  terminal  cells)  have 
been  observed  in :  Ifanunculaceae  (see  also  II),  Magnoliaceae  (see  II),  Trochodendra- 
ceae (see  II),  Anonaceae  (see  II),  Menispermaceae  (see  II),  Berberideae  (see  II), 
Nymphaeaceae,  Papaveraceae,  Capparideae  (see  II),  Violarieae  (see  II),  Bixineae  (see 
II),  Pittosporeae  (Fig.  22,  p.  93),  Polygaleae  (see  II),  Caryophylleae,  Elatineae  (see 


'  The  figures  dted  under  II  and  III  in  part  refer  to  special  forms  of  nnicellnlar  or  nniseriate 
clothing  hairs  (see  p.  1117  et  seq.). 
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II),  H3rpericineae  (see  II),  Guttiferae  (Fig.  28,  p.  123,  see  II),  Ternstroemiaceae  (see 
II),  Malvaceae  (see  II),  Sterculiaceae  (see  II),  Tuiaceae  (see  II),  Humiriaceae  (see  II), 
Geraniaceae  (see  II),  Rutaceae  (see  II),  Simarubaceae  (see  II),  Ochnaceae  (see  II), 
Burseraceae  (see  II),  Meliaceae  (see  II),  Olacineae  ?  (see  II),  IHcineae  (see  II),  Cela- 
strineae  (see  II),Hippocrateaceae  (see  I),  Rhamneae  (see  II),  AmpeUdaceae  (see  II), 
Sapindaceae  (see  II),  Hippocastanaceae  (see  II),  Aceraceae  (see  il),  Sabiaceae  (see 
II),  Anacardiaceae  (see  II),  Papilionaceae  (rare.  Fig.  59,  p.  268),  Caesalpinieae  (rare, 
see  II),  Mimoseae  (very  rare,  see  II),  Saxifragaceae  (see  II),  Halorageae  (see  II, 
Halorsigoideae,  SchindL),  Lecythidaceae  (see  II),  Melastomaceae  (rare,  see  II), 
Lytbrarieae  (see  II),  Onagrarieae  (see  II),  Samydaceae  (see  II),  Loaseae  (see  II), 
Tumeraceae  (see  II),  Pa^floraceae  (see  II),  Cucurbitaceae  (see  II),  Begoniaceae, 
Cacteae  (see  II),  UmbeUiferae  (seQ  II),  Araliaceae,  Rubiaceae  (see  II),  Valehaneae 
(see  II),  Comi)ositae,  Goodeniaceae  (see  II),  Campanulaceae  (rare,  see  II),  Lobeliaceae 
(see  II),  Vacdniaceae  (see  II),  Ericaceae  (see  II),  Epacrideae  (see  II),  Primulaceae 
(Fig.  114,  p.  502),  Myrsineae,  Styraceae,  Oleaceae  (see  II),  Apocynaceae  (Fig.  121, 
£•  530,  see  II),  Asclepiadeae  (see  II),  Loganiaceae  (see  II),  Gentianeae  (see  II), 
Folemoniaceae  (see  II),  Hydrophyllaceae  (see  II),  Boragineae  (see  II),  Convolvu- 
laceae  (Fig.  129,  p.  567),  Cuscuteae  (see  II),  Nolaneae  (see  II),  Solanaceae  (see  II), 
ReUia^  Scrophularineae  (see  II),  Orobanchaceae  (see  II),  Lentibularieae,  Gesnera- 
ceae  (Fig.  140,  p.  599),  Bignoniaceae  (see  II),  Pedalineae  (see  II),  Acanthaceae 
(see  II),  Myoporineae,  Zombiana,  Selagineae,  Verbenaceae  (see  II),  Labiatae  (see  II), 
Plantagineae  (Fig.  153,  p.  643),  Nyctagineae,  Illecebraceae  (see  II),  Amarantaceae 
(Fig.  156,  p.  652,  see  II),  Chenopodiaceae  (Fig.  159,  p.  659,  see  II),  Polygonaceae 
(see  II),  Fhytolaccaceae,  Nepenthaceae  (Fig.  165,  p.  679),  Aristolochiaceae  (Fig. 
166,  p.  684),  Piperaceae,  Proteaceae  (Fig.  173,  p.  713,  see  II),  Santalaceae  (see  if). 


Euphorbia^ceae  (see  II),  Buxaceae  (seell),  Ulmaceae  (rare,  see  II),  Cannabineae  (see 
II),  Moraceae  (see  II),  Leitnerieae,  M3nicaceae  (see  II),  Casuarineae  (Fig.  186,  p.  788), 
Cupuliferae  (see  II),  Ladstemaceae  (see  II) ;  imiseriate  clothing  hairs,  which  are, 
however,  distinguished  by  a  special  shape  (see  p.  11 18  et  seq.),  occur  also  in  the 
Chlaenaceae,  Connaraceae,  Caesalpinieae,  Comaceae,  Myristicaceae  and  Loranthaceae. 

The  following  lines  in  the  first  place  contain  an  enumeration  of  the  special 
forms  of  unicellttlar  hairs,  which  require  mention ;  these  hairs  are  distinguished 
by  their  shape,  their  size,  the  structure  of  their  wall  or  their  contents.  Very 
small  silicified  trichomes,  which  are  inserted  in  the  outer  wall  of  the  epidermis, 
are  found  in  Petraed  (Verbenaceae,  Fig.  151,  A,  B,j>.  632) ;  small  silicified  tri- 
chomes resembling  papillae  occur  in  certain  Moraceae ;  short  hairs,  provided 
with  a  spherical  base  showing  spiral  thickening,  in  certain  Sapindaceae,  and 
hairs  having  a  similar  structure  m  a  certain  species  of  Zizyphus  (Rhamnaceae) 
and  in  species  of  Artocarpus  (Moraceae) ;  short  unicellular  laticiferous  hairs, 
which  enter  into  connexion  with  the  laticiferous  system,  in  some  Cichoriaceae 
(Fig.  103,  0,  p.  458);  small  capitate  hairs  with  a  spherical  or  pyriform 
(glandular  ?)  head  in  Cardiopteris  and  Platea  (Olacineae,  Fig.  48,  B,  C,  p.  204) 
and  hairs  having  a  similar  structure  in  Symplocos  (Styraceae) ;  small  trichomes, 
shaped  like  a  clustered  crystal,  in  Peixotoa  (Malpighiaceae,  Fig.  36,  p.  164) ; 
longer  trichomes,  the  apex  of  which  is  bent  in  the  form  of  a  hookj^(bracket- 
hairs,  climbing  hairs,  or  hooked  hairs,  see  Fig.  182,  -D,  p.  773),  in  certain  Bixi- 
neae,  Burseraceae,  (Caesalpinieae,  Mimoseae,  Passifloraceae,  Rubiaceae,  Boragi- 
neae, Labiatae,  Circaeaster  (only  on  the  fruit),  Hemandiaceae,  Moraceae,  and 
Urticeae,  and  short  hairs,  shaped  like  an  angler's  hook,  in  certain  Comaceae 
(Fig.  99,  G,  p.  435) ;  anchor-hiairs  and  trichomes,  provided  with  spines,  which 
are  directed  either  forwards  or  backwards,  in  the  Loaseae  (Fijj.  82,  p.  379). 
At  this  point  we  may  also  mention  the  following  types  of  hairs :  the  two- 
armed  hairs  (the  arms  being  of  equal  or  of  unequal  length),  found  in  certain 
Crudferae  (Fig.  15,  C,  p.  63),  Cappandeae  (Fig.  19,^,  p.  75),Vochysiaceae,  Tern- 
stroemiaceae jMicrosemma  ?),  Chlaenaceae,  Malpighiaceae  (of  almost  constant 
occurrence.  Fig.  36,  p.  164),  Zygophylleae,  Simarubaceae,  Burseraceae  (Fig.  43, 
J?,  p.  191),  Meliaceae,  Celastrineae,  Ampelidaceae,  Connaraceae  (Fig.  55,  A-C, 
p.  252),  Caesalpinieae,  Rosaceae,  (3ombretaceae,  Myrtaceae  sens,  str.,  Lythrarieae 
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{Cuphea  pro  parte !  Fi^.  80,  C,  p.  370),  Samydaceae  {Banara,  Homalium  ?), 
Ficoideae,  G>maceae  (Fig.  99,  B,  p.  435),  Sapotaceae  (almost  constant,  in  part 
glandular),  Boragineae,  Acanthaceae,  Verbc^aceae,  Monimiaceae,  Hemandia- 
ceae  (only  in  lUigera  obiusa),  Thymelaeaceae,  Euphorbiaceae  and  Gumabineae 
(Fig.  181,  p.  769) ;  the  one-armed  hairs  (which  sometimes  show  transitions 
to  two-anned  hairs,  while  in  other  cases  they  are  merely  provided  with  a  faint 
crop-like  protrusion  on  one  side  of  the  stalk),  occurring  in  certain  Vochysiaceae, 
Malpighiaceae  (Fig.  36,  £,  p.  164),  ZygophyUeae,  HeUaceae,  Celastrineae,  Sapin- 
daceae,  Connaraceae,  Mimoseae,  Saxifragaceae,  Combretaceae,  Hyrtaceae  sens. 
str.,  Sapotaceae,  Ebenaceae,  Boragineae  (Fig.  126,  D,  p.  557),  Acanthaceae  and 
Laurineae ;  the  stellate  hairs  present  in  certain  Cruciferae  (Fig.  15,  D,  £,  p.  63), 
Capparideae  (Fig.  19,  C,  p.  75),  Temstroemiaceae  (Fig.  30,  B,  p.  133  ;  in  this 
Order  the  stalk  is  sometimes  demarcated,  while  the  shield  is  now  and  then  pro- 
vided with  a  division-wall)  and  Saxifragaceae  (Fig.  68,  B,  C,  p.  316) ;  the  pdtate 
hairs,  occurring  in  certain  Cruciferae  (Fig.  15,  F,  p.  63) ;  and  the  dendroid  hairs, 
found  in  certain  Cruciferae  (Fig.  15,  G,  p.  63),  Papilionaceae  {Dipteryx,  Fig.  50,  F, 
p.  268)  and  Boragineae  {Cordta^  Fig.  126,  C,  p.  557).  A  kind  of  doubling  of  the 
unicellular  body  of  the  hair  in  the  lon^tudinal  direction  owing  to  the  formation 
of  a  cap  of  cellulose  is  found  in  the  Cistineae  (Fig.  21,  A,  p.  81),  Combretaceae 
(Fig.  76,  i4 ,  B,  p.  346),  and  Myrtaceae  sens.  str.  The  following  hairs  are  distin- 
guished by  havmg  special  contents :  the  stinging  hairs  of  the  Loaseae,  Euphor- 
biaceae and  Urticeae  (Fig.  183,  p.  776),  these  hairs  being  occasionally  inserted  on 
a  pedestal  composed  of  a  larj^e  number  of  cells  ;  the  crystal-contahiing  hairs 
of  certain  Euphorbiaceae  (Fig.  180,  J2,  5,  p.  748)  \  which  are  differentiated  as 
papillae  and  enclose  either  a  clustered  crystal  or  a  sphaerite ;  the  stinging  hairs 
of  certain  Euphorbiaceae,  which  are  occasionally  situated  on  a  pedestal  resem- 
bling a  shaggy  hair,  and  contain  an  acicular  crystal  of  oxalate  of  lime,  suspended 
in  the  cavity  of  the  cell  by  means  of  beams  of  cellulose  (Fig.  180,  -P,  Q,  p.  748)  ^ ; 
and  the  crystal-hairs  (Fig.  loi,  JB,  C,  p.  446)  of  the  Guettardeae  (a  tribe  of 
the  Rubiaceae),  which  are  paved  with  one  or  more  rows  of  sniall  crystals 
of  oxalate  of  lune.  The  formation  of  more  or  less  distinct  papillae  on  the 
walls  of  the  hairs,  in  which  case  the  lumina  of  the  hairs  may  or  may  not  pene- 
trate into  the  papillae,  has  been  recorded  in  the  unicellular  trichomes  of  certain 
Cruciferae,  Bixineae,  Geraniaceae,  Chailletiaceae  (Fig.  46,  p.  i^),  Rosaceae, 
Saxifragaceae  (Fig.  68,  i4,  p.  316)  and  (x>maceae.  Regarding  calcification  of  the 
cell-wall  in  unicellular  hairs  and  regarding  cystolith-hairs,  see  {{  27  and  28. 

The  following  noteworthy  modifications  of  uniseriate  trichomes  may  be 
mentioned.  The  uniseriate  dothing  hairs  are  sometimes  characterized  by  the 
fact  that  the  lower  or  lowest  cells  of  the  hair  are  short,  while  the  terminal  cell 
is  long  and  forms  the  greater  part  of  the  trichome.  Such  trichomes  with 
long  terminal  cells  have  been  observed  in  the  following  Orders  :  HagnoUaceae, 
Trochodendraceae,  Anonaceae,  Henispermaceae,  Berterideae,  Nymphaeaceae, 
Pittosporeae  (Fig.  22,  B,  p.  93),  Caryophylleae,  Sabiaceae,  Papihonaceae  (Fig. 
59,  i4-C,  p.  268),  Caesalpinieae  (very  rare),  Umbelliferae,  Compositae  (Fig.  103, 
i4,  B,  p.  458),  Polemomaceae,  Boragineae,  Convolvulaceae  (in  all  the  members 
of  the  Order !  Fig.  129,  -4,  p.  567),  Solanaceae,  Retzia^  Acanthaceae,  Verbenaceae, 
Labiatae,  Plantagineae,  .Ajnarantaceae,  Chenopodiaceae,  Aristolochiaceae,  Pro- 
teaceae  (Fig.  173,  E,  p.  713),  Casuarineae  (Fig.  186,  £,  p.  788).  Uniseriate  hairs 


^  It  may  be  pointed  ont  in  passing  that  the  ciystal-hairs  and  stinging  hairs  mentioned  above  as 
occurring  in  oertaiQ  Euphorbiaceae,  althongh  they  appear  like  trichomes,  are  noi  kairs  in  the  steict 
sense  (i.  e.  according  to  a  sdentific  interpretation  of  their  morphology),  inasmnch  as  they  arise  from 
subepidermal  and  not  from  epidermal  cells ;  only  secondarily  do  they  pnsh  their  way  between  the 
epidermal  cells,  thus  ultimately  extending  beyond  the  level  of  the  epidermis.  For  details,  see  under 
Euphorbiaceae,  p.  1051. 
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-with  a  capitate  terminal  cell,  which,  however,  has  no  secretory  function,  have 
been  observed  in  many  Amarantaceae  and  Chenopodiaceae  (Fig.  150,  C,  p.  659), 
as  weU  as  in  certain  Papaveraceae,  Compositae  (Fig.  103,  £,  p.  458),  5lyctagineae 
(here  glandular?  Fig.  154,  A,  p.  646)  and  lUecebraceae.  Other  speaally  note- 
worthy forms  are  constituted  by  the  um-shaped  trichomes  and  the  paired  uni* 
seriate  hairs,  with  fused  basal  portions,  found  m  species  of  Gt^»a(Polemoniaceae), 
and  the  uniseriate  hairs  with  a  sunken  basal  portion,  divided  by  closely  placed 
transverse  septa,  occurring  in  certain  Hippocrateaceae  and  Polemoniaceae.  The 
unicellular  bracket-hairs,  two-armed  hairs,  stellate  and  peltate  hairs  find  their 
equivalents  in  uniseriate  trichomes,  in  which  the  terminal  cell  shows  a  corre- 
sponding shape.  Uniseriate  trichomes  with  a  terminal  cell  bent  in  the 
form  of  a  hook  are  found  in  certain  Papilionaceae,  Gesneraceae,  Verbenaceae 
and  Aristolochiaceae  (Fig.  166,  £,  p.  684 ;  in  the  Order  last  named  the  cells  of 
the  stalk  occasionally  also  show  division-walls  running  parallel  to  the  length  of 
the  hair) ;  two-armed  hairs,  in  which  the  stalk  is  unicellular  or  uniseriate, 
and  the  terminal  portion  for  the  most  part  unicellular,  occur  in  certain  Pitto- 
sporeae  (Fig.  22,  A,  p.  93),  Rhamneae,  Aceraceae,  Papilionaceae,  Caesalpinieae, 
Saxifragaceae,  Arsdiaceae,  G>maceae  (Fig.  99,  D,  p.  435),  Compositae  (Fig.  103, 
F,  p.  458),  Boragineae  (Fig.  126,  £,  p.  557 ;  in  Cordia  the  two  arms  are  occasion- 
ally septate),  Convolvulaceae  (Fig.  129,  B,  C,  p.  567;  occasionally  one-armed,  the 
long  arm  being  septate),  Amarantaceae  (Fig.  156,  F,  p.  652),  Chenopodiaceae 
(Fig.  159,  B,  p.  659),  Myristicaceae  and  Proteaceae  (Fig.  173,  F,  p.  713) ;  uni- 
seriate trichomes  with  a  stellate  or  peltate  terminal  cell  are  found  in  certain 
Chlaenaceae  (Fig.  33,  p.  145),  Papilionaceae  (Fig.  5^  £,  p.  268),  Ficoideae 
(Fig.  94,  C,  p.  416),  Compositae  (Fig.  103,  Z>,  p.  458),  Convolvulaceae  (Fig.  129, 
F,  u,  p.  567),  Amarantaceae  (in  Iresine  the  terminal  cell  shows  transitions  to  a 
two-armed  differentiation.  Fig.  156,  E,  p.  652),  Chenopodiaceae  (Fig.  159,  G,  H, 
p.  659)  and  Loranthaceae  (?).  With  the  trichomes  last  mentioned  we  may  class 
uniseriate  candelabra-hairs,  in  which  the  individual  tiers  are  composed  either 
of  two-armed  cells — ^the  arms  of  which  point  in  different  directions  {Dampiera^ 
Goodeniaceae,  Fig.  106,  p.  471)  or  lie  in  the  same  vertical  plane  (Myristicaceae, 
Fig.  170,  D-F,  p.  698) — or  of  cells,  developed  after  the  manner  of  a  stellate  hair 
(Compositae,  Ainarantaceae,  Fig.  156,  Z>,  p.  652,  Loranthaceae,  Fig.  lyy^  C-Ey 
p.  728).  Uniseriate  hairs,  in  which  the  division-walls  are  oblique,  while  the 
ends  of  some  or  all  of  the  component  cells  are  drawn  out  into  lateral  papillae, 
or,  in  other  words,  push  their  way  laterally  along  the  basal  portion  of  the  cell 
immediately  above,  are  found  in  certain  Polemoniaceae,  Plantarineae  (Fig.  153, 
p.  643),  Nepenthaceae  (Fig.  165),  and  Loranthaceae  (Fig.  177,  S,  p.  728);  such 
hairs  constitute  transitions  to  trichomes  with  sympodial  structure  (see  below). 
Multicellnlar  hairs,  which  vary  in  shape  and  are  branched  in  a  dendroid 
or  dichotomous  manner,  have  been  observed  in  the  Orders  Guttiferae  (Fig. 
28,  p.  123),  Ternstroemiaceae  (Fig.  30, -4, p.  133),  Oladneae  (Fig.  48,  i4,  p.  204), 
Lecythidaceae,  Helastomaceae,  Ljrthrarieae,  AraUaceae,  Campanulaceae,  Primu- 
laceae  (Fig.  114,  ^ ,  p.  502),  Myrsineae,  Apocynaceale  (Fig.  121,  B,  p.  530),  Logania- 
ceae,  Polemoniaceae,  Boragineae  (Fig.  126,  a,  p.  557),  Nolaneae  (Fig.  132,  p.  574), 
Solanaceae  (Fig.  133,  p.  577),  Scrophtdarineae,  Gesneraceae,  Bignoniaceae 
(Fig.  141,  A,  p.  603),  Myoporineae,  verbenaceae,  Labiatae  (Fig.  152,  p.  638), 
Nyctagineae  (Fig.  154,  JB,  p.  646,  glandular  ?),  lUecebraceae,  Amarantaceae, 
Euphorbiaceae  (rare)  and  Casuarineae;  it  is  possible  to  derive  such  hairs 
from  imiseriate  trichomes  by  assuming  a  protrusion  of  the  component  cells 
into  branches,  demarcation  of  these  branches,  and  the  appearance  of  division- 
walls  iA  them,  this  being  followed  by  the  protrusion  of  branches  of  the  second 
Order,  and  so  on.  Special  forms  of  these  trichomes  are  constituted  by  the 
peculiar  hairs  of  Jac^uinia  (H)nrsineae,  Fig.  116,  C,  p.  510)  and  by  branched  or 
tufted  hairs,  which  in  typical  cases  consist  of  flattened  cells,  each  of  which  is 
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protruded  to  form  a  single  branch  (i.e.  the  component  cells  are  one-armed). 
Since  the  axial  portion  of  such  trichomes  shows  a  s3mipodial  relation  to  the 
branches,  they  may  be  described  as  S3rmpodially  branched  hairs  ;  they  are 
more  or  less  markedly  differentiated  in  certain  Caryophylleae,  Celastrmeae 
(very  faintly  indicated),  Connaraceae  (Fig.  55,  Z)-jF,  p.  252),  Bignoniaceae, 
Myoporineae,  Nepenthaceae  (Fig.  165,  C,  p.  679),  Myristicaceae  (Fig.  170, 
p.  698),  and  Casuarineae  (Fig.  186,  Z),  p.  788).  A  brief  reference  may  still  be 
made  to  the  manifold  transitions  between  branched  trichomes,  derived  from 
uniseriate  hairs,  and  the  trichomes  dealt  with  in  the  foUowinjg  paragraphs. 
The  waU  of  the  uniseriate  trichomes,  as  in  the  case  of  the  unicellular  hairs, 
is  occasionally  (Papilionaceae, — ^here  the  wall  of  the  terminal  cell, — Polemonia- 
ceae,  Amarantaceae,  Fi^.  156,  p.  652,  and  Chenopodiaceae,  Fig.  159,  p.  659) 
provided  with  small  papillose  protrusions,  while  in  certain  Compositae  (Fig.  103, 
C,  p.  458),  Plantagineae  (Fig.  153,  B,  p.  643),  and  Amarantaceae  (Fig.  156, 
C,  p.  652)  the  upper  ends  of  the  cells  composing  the  hairs  bear  papillose  processes, 
which  establish  a  firm  connexion  between  the  cells.  Re^^ardmg  calcification 
of  the  walls  of  the  hairs,  see  §  27. 

§  32.  Peltate,  Stellate  and  Candelabra-Hairs.  In  this  section  our 
sunmiary  will  be  confined  to  those  peltate,  stellate  and  candelabra-hairs,  in 
which  the  shield,  stellate  portion  and  radiating  tiers  respectively  are  composed 
of  two  or  more  cells.  Peltate  and  stellate  hairs,  which  with  or  without  the 
stalk  consist  of  a  single  cell,  and  candelabra-hairs,  the  tiers  of  which  are  com- 
posed of  single  cells  drawn  out  into  rays,  have  already  been  dealt  with  in  §  31. 

The  three  forms  of  hairs  in  question  are  very  closely  related  to  one  another. 
From  a  stellate  hair,  in  which  the  ray-cells  are  spread  out  horizontally,  we  can 
derive  a  peltate  hair  by  the  coalescence  of  the  ray-cells,  while  a  candelabra- 
hair  is  obtained  by  the  repeated  development  of  ray-ceUs  (and  sometimes  of 
stalk-cells  as  well)  in  the  longitudinal  direction.  We  accordingly  find  that 
steUate  and  peltate  hairs,  or  stellate  and  candelabra-hairs,  not  unconunonly 
occur  side  by  side  with  one  another  in  the  same  taxonomic  group  or  even  in 
the  same  species ;  in  such  cases  the  two  forms  of  hairs  may  show  the  same 
special  t)^  of  structure,  while  transitional  forms  between  them  are  of  frequent 
occurrence. 

The  peltate  hairs  ^  (the  delimitation  of  which  from  the  i)eltate  glands 
dealt  with  under  I  in  §  34  occasionally — when  an  investigation  of  living  material 
is  impossible — ^presents  some  difficulties)  show  a  very  diverse  structure,  and 
the  differences  can  be  employed  for  systematic  purposes  in  the  same  way  as 
the  presence  or  absence  of  these  trichomes ;  the  latter  are  sometimes  (Elaeag- 
naceae)  of  constant  occurrence  throughout  an  Order,  although  generally  con- 
fined to  certain  species.  The  differences  in  the  structure  of  the  peltate  hairs 
are  afforded  either  by  the  shield  or  by  the  stalk.  The  former  for  the  most  part 
consists  of  a  single  layer  of  cells  and  varies  in  size.  In  the  ordinary  and  most 
widely  distributed  type  of  peltate  hairs  the  shield  is  composed  of  radially 
arranged  cells,  of  which  all  or  only  some  reach  the  centre  of  the  shield  ;  these 
ray-cdls  have  walls  of  varying  thickness  and  mostly  project  at  the  margin 
of  the  shiedd  in  the  form  of  short  r^ys.  In  other  cases  the  shield  has  an  entire 
margin,  the  ray-cells  being  broadened  towards  the  outside  in  the  shape  of 
a  w^ige.  The  shield  presents  still  a  different  appearance,  when  the  radially 
arranged  ray-cells  undergo  tangential  divisions.  If  irregular  divisions  follow 
the  appearance  of  the  first  radial  division-walls,  the  shield  seems  to  be  com- 
posed of  polygonal  cells,  when  seen  in  surface- view.  In  the  following  cases 
the  shield  shows  quite  a  special  t]^  of  structure.    In  certain  Buddleioideae 


See  O.  Bachmann,  Schildhaare,  Flora,  18S6. 
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(Fig.  124,  p.  542)  we  find  peltate  hairs  with  a  bicellular  shield.  In  the  species 
of  Solanum  (Fig.  133,  p.  577)  a  spherical  or  otherwise  shaped  cell  is  seated  on 
the  centre  of  the  shield  of  the  peltate  hairs,  which  in  other  respects  show  the 
ordinary  type  of  structure ;  in  certain  Capparideae  (Fig.  la  p.  75),  Malvaceae 
and  Sterculiaceae  there  is  a  so-called  '  upper  scale '  in  uie  form  of  a  rosette  of 
small  cells,  while  in  certain  species  of  CroUm  (Fi^.  180,  p.  748)  a  similar  rosette 
of  small  ceUs  is  situated  beneath  the  shield,  constituting  a  so-called '  lower  scale/ 
the  shield  in  the  latter  case  being  provided  with  a  central  cell.  In  certain  species 
of  Miconia  (Helastomaceae)  there  is  a  small  upper  scale  composed  of  short  rav- 
cells,  and  in  some  cases  also  a  small  lower  scale.  A  doubling  of  the  shield  in  the 
radial  direction  is  found  in  Phebalium  (Rutaceae,  Fig.  41,  p.  177)  and  in  certain 
Bombaceae  (Malvaceae,  Fig.  34,  p.  149) ;  in  these  cases  most  of  the  cells  extending 
outwards  from  the  centre  of  the  shield  stop  short  of  the  margin,  while  those 
forming  the  margin  do  not  reach  the  centre,  so  that  the  marginal  cells  con- 
stitute, as  it  were,  a  duplication  of  the  central  cells,  which  in  themselves  are 
already  united  to  form  a  scale.  It  remains  to  mention  the  peltate  hairs  of 
Cleradsndron  (Verbenaceae,  Fig.  151,  p.  632),  in  which  the  shield  is  composed  of 
several  layers  of  cells  showing  a  polygonal  outline,  when  seen  from  the  surface. 
The  stalk  of  the  peltate  hairs  is  formed  either  by  a  single  cell  or  by  a  row  of  ccJls, 
or  by  a  multiseriate  complex  of  cells,  its  length  often  var}ang  very  considerably 
on  the  surface  of  one  and  the  same  organ  ;  in  some  cases  (Dilleniaceae,  Logania- 
ceae,  Euphorbiaceae  pro  parte)  the  cells  of  the  shield  are  themselves  either 
exclusively  or  partially  concerned  in  the  formation  of  the  stalk. 

Peltate  hairs  with  a  shield,  composed  of  two  or  more  cells,  have  been  observed 
in  the  following  Orders  and  genera  respectively  :  Dilleniaceae  (Fig.  2,  p.  22),  Ano- 
/»•_  ^  _  ^^v  /H j„^ /T=»i \Cistineae(Fig.  2i,p.  81),  Bixineae, 

-  35>  P*  i^4)»  Tiliaceae,  Rutaceae 

.    _    .     £eliaceae  (Fig.  45,  p.  197),  Oladneae 

(Flf.  48, 'p.  '304),  Rosaceae,  Halorageae  (Fi^.  72,  p.  337,  CMiMche,  Hippuris)^ 
Melastomaceae,  Begoniaceae,  Datisceae,  Arahaceae  (Fig.  98,  p.  429),  Caprifouaceae 
(Fig.  100,  p.  441 ),  Ericaceae  (Fig.  1 10,  p.  485),  Myrsineae  (Fig.  1 16,  p.  5 10),  Styraceae, 
ceae(Fi| 


form  small  scales.  Fig.  120,  p.  527),  Loganiaceae  (Buddleioideae,  Fig.  124,  p.  542), 
Solanaceae  (Fig.  133,  p.  5^7),  Verbenaceae  (Fig.  iji,  p.  632),  Monimiaceae  (fig.  171, 
p.  701),  £laeagnaceae  (Fig.  176,  p.  725),  £uphorbiaceae  (Fig.  180,  p.  748),  Cupuli- 
terae  (Fig.  187,  p.  793).    For  glandular  peltate  hairs,  see  under  lb  m  §  34,  p.  1 128. 

The  stellate  hairs,  according  to  the  direction  of  their  rays,  which  generally 
consist  of  single  cells,  are  either  stellate  hairs  in  the  narrow  sense  or  tufted 
hairs ;  in  the  former  case  the  rays  are  spread  out  in  a  plane,  which  is  roughly 
parallel  to  the  surface  of  the  organ,  while  in  the  case  of  the  tufted  hairs  the 
rays  diverge  in  various  directions  or  are  all  placed  approximately  at  right 
an^^  to  the  surface.  In  the  simplest  case,  the  ray-portion,  consisting  of 
unicellular  rays,  is  sunk  directly  in  the  epidermis,  so  that  the  trichome  is  formed 
merely  bv  a  group  of  epidermal  cells,  developed  as  hairs ;  the  neighbouring 
epidermal  cells  are  frequently  prolonged  onto  tiie  body  of  the  hair,  thus  forming 
a  pedestal  of  varying  height.  In  other  cases  the  rays  are  borne  on  a  stalk, 
which  varies  in  length,  and  is  composed  of  one  or  more  rows  of  cells; 
it  occasionally  resembles  a  shaggy  hair.  The  r^ys  are  rarely  uniseriate. 
Other  differences  in  the  structure  of  the  stellate  hairs,  which  can  be  employed 
for  systematic  purposes,  are  found  in  the  length  and  number  of  the  rajrs,  and 
in  the  nature  of  their  walls  and  lumina.  A  considerable  number  of  transitions 
have  been  observed  between  the  branched  multicellular  hairs,  dealt  with  in 
f  31  (p.  1119)  and  the  hairs  under  discussion. 

Steilate  hairs  have  been  met  with  in  the  following  Orders  and  genera  respec- 
tively:  IXUeniaceae  (Fig.  2,  p.  22),  Magnoliaceae  ?,  Anonaceae,  Cappandeae  (Fig.  19, 
p.  75),  Cistineae  (Fig.  21,  p.  81),  Bixineae,  Tremandreae,  Voch3rsiaceae,  Frankenia- 
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ceae,  Hypericineae,  Ternstroemiaceae  (Fig.  30,  p.  133),  Dipterocarpeae,  Monetcs, 
Malvaceae  (Fig.  34,  p.  149),  Sterculiaceae,  Tiliaceae,  Kutaceae,  Ochnaceae,  Bmsera- 
ceae,  Meliaceae,  Olacineae,  Octocnemaceae,  Hippocrateaceae,  Rhamneae,  Sapin- 
daceae,  Melianthaceae,  Connaraceae,  Caesalpinieae,  Mimoseae,  Rosaceae,  Saxifraga- 
ceae,  Droseraceae  (special  fonns  of  stellate  liiairs,  see  Fig.  7 1,  p.  325),  Hamamelideae, 
Rhizophoraceae,  M3rrtaceae,  Melastomaceae  (Fig.  79,  p.  362),  Lythrarieae,  Samy- 
daceae»  Tumeraceae,  Begoniaceae,  Umbelliferae,  Araliaceae  (Fig.  98,  p.  429), 
Comaceae,  Caprifoliaceae,  Rubiaceae,  Lobeliaceae»  Ericaceae  (Fig.  no,  p.  485), 
Ebenaceae,  Styr^ceae,  Loganiaceae  (Fig.  124,  p.  542),  HydrophyUaceae,  Borapneae!, 
Convolvulaceae  (Fig.  129,  p.  567),  Solanaceae,  Scrophularineae»  Verbenaceae,  Labia- 
tae  (Fij;.  152,  p.  638),  Nyctagineae,  Chenopodiaceae  (Fig.  159,  p.  659),  Nepeathaceae, 
Monimiaceae,  JSlaeagnaceae,  Santalaceae,  Eupborbiaceae  (Fig.  180,  p.  748),  Juglan- 
deae,  Cupnliferae. 

Tbe  following  types  of  stellate  and  tufted  hairs  deserve  special  notice. 
Tbe  spiny  hairs  (Fig.  2,  B,  C,  p.  22)  of  the  DiUeniaceae  are  reduced  tufted 
hairs,  consisting  of  a  group  of  strongly  sihcified  epidermal  cells,  which  are 
developed  as  short  hairs  ;  if  we  imagine  the  marginal  cells  of  the  group  to  be 
differentiated  as  rays,  we  obtain  the  stellate  trichomes  of  the  C^eniaceae. 
Cushion-shaped  structures,  which  are  similar  to  the  spiny  hairs  of  the  DiUenia- 
ceae, although  they  are  not  sihcified,  occur  also  in  the  Cistineae  (Fig.  21,  p.  81) 
and  Melastomaceae.  The  stellate  hairs  of  the  genus  Steriphoma  (Cappandeae, 
Fig.  19,  p.  75)  resemble  the  peltate  hairs  of  the  Capparideae  in  being  provided 
with  a  small  upper  scale,  while  some  of  the  stellate  hairs  found  in  the  Cistineae 
show  the  same  apparent  doubhng  of  the  ray-cells  in  the  lon^tudinal  direction 
(Fig.  21,  p.  81),  as  is  seen  in  the  simple  trichomes  occumng  in  this  Order. 
Stellate  or  tufted  hairs  with  uniseriate  rays  have  been  observed  in  certain 
HagnoUaceae?,  Anonaceae,  Malvaceae  (Fig.  34,  p.  14^),  Sterculiaceae,  Tiliaceae, 
Hippocrateaceae,  Rhamneae,  Lecjrthidaceae  and  Ericaceae  (Fig.  no,  p.  485), 
while  in  the  stellate  hairs  of  Axyris  (Chenopodiaceae,  Fig.  150,  p.  659)  tbe 
principal  ray  alone  is  uniseriate.  The  two-armed  hairs  of  Aliravanda  (Fig. 
71,  p.  325),  which  show  transverse  division  into  two  cells,  may  be  regarded 
as  a  reduced  form  of  the  stellate  hairs  of  certain  of  the  Droseraceae,  in  which 
the  ray-portion  is  composed  of  four  or  more  thin-walled  rays,  e3q>anded  in 
one  plane.  The  stellate  hairs  of  the  Loganiaceae-Buddleioideae  are  likewise 
speaally  characteristic,  since  the  ray-portion  consists  of  two  (mostly  two-rayed) 
cells,  which  also  contribute  to  the  formation  of  the  stalk  (Fig.  124,  p.  542). 
Mention  may  lastly  be  made  of:  {a)  the  tufted  hairs  of  Saurauja  (Tems^oemia- 
ceae.  Fig.  30,  p.  133)  and  certain  Melastomaceae,  which  resemble  small  scales ; 
{b)  the  tufted  hairs  of  SatUiria  (Burseraceae,  Fig.  43,  p.  191)  and  Rhus  (Ana- 
cardiaceae),  which  may  possibly  have  a  glandular  function ;  and  (c)  the  peculiar 
stellate  hairs  of  some  Arahaceae  (Fig.  98,  p.  429),  which  are  provided  with 
uniseriate  ra}^  having  thin  walls. 

The  simplest  kinds  of  candelabra-  or  abietiform  hairs  are  those  which 
have  a  uniseriate  main  axis,  interrupted  at  intervals  by  whorls  of  ray-cells. 
Such  hairs  are  occasionally  connected  by  means  of  transitional  forms  with  the 
stellate  and  tufted  hairs  just  discussed,  hairs  of  the  latter  type  not  uncommonly 
appearing  as  reduced  forms  of  the  candelabra-hairs  and  then  often  occurring 
side  by  side  with  them  in  the  same  species.  The  candelabra*hairs  of  tbe 
second  tjrpe  present  a  different  appearance,  owing  to  the  fact  that  the  ray-cells 
follow  upon  one  another  in  the  longitudinal  direction  without  interruption, 
there  bemg  no  special  cells  of  the  main  axis  separating  the  rays  from  one 
another.  These  candelabra-hairs  are  often  difficult  to  distinguish  from  the 
branched  sympodial  hairs  discussed  in  §  31,  p.  1120 ;  and  similarljr,  if  the  stalks 
of  such  candelabra-hairs  are  multiseriate,  it  is  not  easy  to  distinguish  them 
from  candelabra-hairs  of  the  shaggy  t}^pe,  so  that  the  latter  may  be  consideied 
together  with  the  ordinary  candelabra-hairs.  Candelabra-hairs  of  the  shaggy 
type  may  be  derived  from  ordinary  shaggy  hairs  (§  33)  by  the  developiftent  of 
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superficial  cells  of  the  latter  in  the  form  of  hairs  (this  process  occasionally 
taking  place  in  tiers). 

Canddabra-hairs  of  the  first  l^npe  have  been  observed  in  certain  Lythraiieae, 
Ericaceae  (Fi^.  no,  p.  485),  Buodleioideae  (Loganiaceae,  Fig.  124,  p.  542,  the 
tiers  here  consisting  of  two  (mostly  two-rayed)  cells,  as  in  the  case  of  ^e  analogous 
— ^ate  and  stellate  hairs,  see  above),  Sciophularineae  (Fig.  1 35,  p.  586),Verbenaceae, 
\  (Fig.  159,  p.  659),  and  Platanaceae  (Fi^.  184,  p.  780) ;  candelabra- 


hairs  of  the  second  type  occur  in  certain  Capparideae  (Fig.  19,  P*  75)»  Melastomaceae 
(Fig-  79»  P-  362),  UmbeUilerae  (Fig.  95,  p.  421),  Solanaceae  (Fig.  133,  p.  577),  and 
Acanthaceae ;  candelalxra-hairs  of  tiie  ahaffgy  type,  lastly,  are  found  in  certain 


Caesalpinieae,  Mimoseae  (Fig.  65,  p.  295),  Melastomaceae  (Fig.  79,  p.  362),  Samy- 
daceae,  Labiatae  (Fig,  152,  p.  638),  and  Euphorbiaceae  (Fig.  180,  p.  748). 

{  33.  Shaggy  Hairs  (i.e.  clothing  hairs  of  the  shagp;y  type,  villi).  Simple 
(i.e.  unt^anched)  shaggy  hairs  are  widely  distributed  in  many  Orders.  They 
vary  in  length  and  thickness,  and  consist  of  parenchymatous  or  prosenchyma- 
tons  cells  with  thin  or  thick  (sclerenchymatous)  walls.  The  fiUform  shag|y 
hairs  are  frequently  distinguished  by  the  fact  that  the  apices  of  the  superficial 
cells  are  drawn  out  into  papiUae,  which  point  towards  the  end  of  the  shaggy 
hair ;  a  more  extensive  development  of  the  apices  of  the  cells  results  in  the 
production  of  trichomes,  which  are  transitional  to  the  candelabra-hairs  of  the 
shaggy  type,  already  discussed  at  the  end  of  {  32. 

Sim^e  shaggy  hairs,  which  otherwise  vary  in  shape,  are  found  in  the  following 
Orders:  JPapaveraceae,  Capparideae  (Fig.  19,  p.  75),  Fortulaceae  (Fu;.  26,  p.  112^ 
Temstroemiaceae  (Fig.  30,  p.  1^3),  Paj^onaceae  (Fig.  59,  p.  268),  Caesalpinieae, 
Mimoseae  (Fig.  65,  p.  295),  Saxifragaceae,  Crassulaceae,  Droseraceae,  Halorageae, 
Myrtaceae  sens,  str.,  Melastomaceae  (Fig.  79,  p.  362),  Lythrarieae,  Begoniaceae 
(Fig.  88,  p.  401),  Cacteae,  UmbeUiferae,  Araliaceae  (Fig.  98,  p.  429),  Compoaitaa 
<Fig.  103,  p.  458),  Ericaceae  (Fig.  no,  p.  485),  Convolvulaceae,  Gesneraceae, 
Polygonaceaa  and  Euphorbiaceae. 

In  the  following  cases  the  shaggy  hairs  are  specially  differentiated. 
Silicified  wart-shaped  shaggy  hairs  are  found  in  Gunnera ;  in  Cranocarpus 
(Papilionaceae)  the  tip  of  the  shaggy  hair  has  the  form  of  an  anchor,  the  flukes 
of  the  anchor  bdng  formed  by  pointed  cells,  each  of  which  includes  a  crystsd 
of  Oxalate  of  lime  (Fig.  59,  G,  p.  268),  which  is  pointed  like  the  cell  containing  it ; 
in  certain  Melastomaceae,  which  exhibit  a  great  degree  of  diversity  in  the 
lorms  of  the  shaggy  hairs,  the  latter  occasionally  show  surface-development, 
so  that  they  come  to  resemble  the  leaf  of  a  Moss  (Fig.  79,  p.  362),  while  in 
certain  Begonias  they  are  two-armed  or  star-like  (Fig.  88,  p.  401) ;  in  the 
genus  Picris  (Compositae,  Fig.  103,  p.  458)  the  sha§^  hair  is  crowned  by 
a  two-armed  cell,  while  the  forked  shaggy  hairs  of  Leotiiodon,  which  are  w&l 
knovm  to  systematists,  are  produced  by  two  or  more  of  the  terminal  cells  of 
thetrichome  being  differentiated  as  hairs.  The  shaggy  hairs  of  Picris  are 
closely  related  to  the  emergences  of  Humulus,  each  ol  which  bears  a  two- 
armed  trichome.  Reduced  forms  of  shaggy  hairs  are  found  on  the  floral 
•organs  of  the  Compositae  (Fig.  103,  p.  458) ;  they  consist  either  of  two  basal 
cdls  and  two  longer  cells,  the  latter  lying  parallel  to  one  another  and  (in  S^hae- 
ranikus)  embracing  one  another  spirally,  or  merely  of  two  cells,  which  are  placed 
paralld  to  one  another  (as  in  the  sensitive  hairs  of  the  Cynareae).  The  peculiar 
hoUow  structures,  found  in  Heterotrichum  (Melastomaceae),  must  also  be  in- 
cluded among  the  shaggy  hairs ;  their  wall  is  formed  by  a  prosenchymatous 
epidermis  and  a  layer  of  reduced  palisade-cells.  With  the  shaggy  hairs  of 
Picris  and  Humuli4S  we  may  associate  trichomes  having  a  stalk  of  varying 
length  ahd  a  stellate  or  tufted  terminal  portion ;  these  structures  have  already 
been  dealt  \riih  under  stellate  and  tufted  hairs  in  §  32.  The  '  candelabra- 
hairs  of  the  shaiggy  type '  have  likewise  been  considered  in  the  same  section. 
Shaggy  hairs,  whidi  are  provided  with  glandular  head$,  will  be. discussed  under 
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the  heading  of  glandular  shaggy  hairs  in  the  section  dealing  with  the  external 
glands  (see  |  34  und^  II,  p.  1129). 

Branched  shaggy  hairs  have  been  observed  in  Calandrinia  (Portidaceae  ; 
these  are  the  '  pili  plumosi/  mentioned  by  different  authors)  and  in  certam 
Melastomaceae  (the  hairs  here  being  penidllate  or  branched  in  a  dendroid 
manner  and  at  the  same  time  parenchymatous). 

The  shaggy  hairs,  as  already  stated  in  {  30,  are  partly  epidermal  structures 
and  partly  01  the  nature  of  emergences.  To  tiie  latter  category  there  belong, 
among  other  t3rpes  of  trichomes,  the  shaggy  hairs  of  certain  Begonias  and 
Melastomaceae,  which  are  stiffened  by  means  of  isolated  sclerenchymatous 
fibres  or  bv  whole  bundles  of  such  fibres  and  (in  the  Melastomaceae)  occasion- 
ally includfe  a  vascular  bundle  in  their  basal  portion.  In  the  Melastomaceae 
the  bundle  of  sclerenchyma  in  these  shaggy  hairs  is  frequently  connected 
with  cells  of  the  mesophyll,  which  are  <fifferentiated  like  fibres ;  in  those 
shaggy  hairs,  which  are  placed  obliquely  to  the  surface  of  the  ocgaiu  these 
fibres  form  an  anchoring  foot,  consisting  of  a  bundle  of  sclerenchymatous 
fibres,  which  spread  out  for  some  distance  beneath  the  epidermis ;  on  thQ 
other  hand,  when  the  shaggy  hair  is  placed  at  right  angles  to  the  surface,  the 
fibrous  foot  is  branched  after  the  manner  of  a  root  (Fig.  79,  p.  362) ;  the  shaggy 
hairs  of  Cirsium  (Compositae)  show  similar  features.  We  may  add  that 
a  similar  sclerenchymatous  foot  has  been  observed  also  in  the  Mimoseae  (Fig.  65, 
p.  295)  and  Euphorbiaceae  (Fig.  180,  p.  748)  in  connexion  with  trichomes  of 
a  more  complicated  type,  such  as  candelabra-,  peltate  and  stellate  hairs. 
Certain  species  of  CroUm  are  quite  particularly  noteworthy  in  this  respect ;  in 
these  species  the  bases  of  the  hairs  are  formed  by  a  bundle  of  sclerenchymatous 
cells,  which  traverse  the  leaf  in  the  vertical  diiection,  while  the  bases  of  two 
trichomes,  situated  opposite  one  another  on  the  upper  and  lower  surface  of 
the  Jeaf,  are  fused  to  form  a  sclerenchymatous  colimm,  traversing  the  entire 
thickness  of  the  leaf  (Fig.  180,  p.  748). 

At  this  pcnnt  we  ma>r  also  refer  to  the  branched  or  unbranched  structures  resem- 
bling shaggy  hairs  found  in  the  intercellular  spaces  of  Nelumbium  (Nymphaeaceae). 

§  34.  Haib-like  External  Glands  \  The  demonstration  of  external 
glands  and  the  investigation  of  their  structure  in  herbarium-material  often  pre- 
sents great  difficulties.  It  is  a  familiar  fact  that  glandular  hairs  are  often 
functional  only  on  the  young  organs  of  a  plant,  and  in  this  case  fall  off  in  later 
stages  or  shrivel  up,  so  that  their  structure  becomes  unrecognizable.  As  a 
consequence  external  glands  are  best  sought  after  and  examin^  on  the  young 
leaves,  found  on  the  branches  of  herbarium-material,  or  even  on  the  younjg 
branches  themselves  (especially  those  of  the  floral  region) ;  but,  whenever  it  is 
at  all  possible,  living  material  should  also  be  employ^  in  determining  the  pre* 
sence  of  external  glands  and  in  the  elucidation  of  their  structure  and  function. 

In  certain  (orders  (e.g.  Sapindaceae,  Oleaceae,  &c.)  hair-like  external 
glands  are  of  general  or  almost  general  distribution  ;  in  other  Orders  they  are 
restricted  to  certain  genera,  while  in  others  again  glandular  hairs  are  completely 
absent.  It  is  worthy  of  note  that  the  subsequent  enumeration  of  Orders,  in 
which  external  glands  have  not  been  observed,  includes  whole  series  of  closely 
allied  Orders,  as  well  as  many  Orders,  in  which  the  secretory  requirements  of 
the  plant  are  apparently  sufficiently  satisfied  by  internal  secretory  oigans. 

As  a  rule  the  hair-hke  external  glands  occur  on  all  the  organs  of  tihe  plant, 
although  in  varying  abundance ;  m  other  cases — and  this  holds  good  for 
species,  as  weU  as  for  genera  and  Orders — ^they  are  found  only  on  certain  parts 
of  the  plant.  Thus  in  the  Rubiaceae,  for  instance,  glandular  hairs  are  ahnost 
completely  wanting  on  the  surfaces  of  the  leaves  and  on  the  branches,  while 

>  For  the  hair-like  internal  glands  (internal  glandular  hairs)  found  in  P^gostim^m  (Labiatae)p 
see  under  secretory  cells  in  %  14  (p.  1096). 
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external  glands,  having  a  complicated  structure  and  serving  for  the  protection 
of  the  buds,  occur  on  the  stipules,  and  glands,  excreting  nectar  and  showing 
the  same  type  of  structure,  are  found  in  the  flowers.  It  is  necessary  to  take 
such  features  into  account  in  an  investigation  of  the  hairy  covering. 

Another  difficulty,  with  which  one  is  confronted  in  employing  the  occurrence 
of  external  glands  for  sj^tematic  purposes,  was  already  briefly  referred  to  in 
§  29,  and  lies  in  the  fact  that  the  glandular  hairs  are  not  in  all  cases  distinguished 
morphologically,  and  that  the  presence  of  secretion  cannot  always  be  deter- 
mined in  herbarium-material  with  as  much  certainty  as  is  desirable.  In 
addition  to  that  the  ordinary  clothing  hairs  may  exceptionally  take  on  a  secre- 
tory function  in  certain  Orders  (e.g.  the  unisenate  hairs  of  the  Nymphaeaceae 
and  Gentianeae,  and  the  two-armed  trichomes  of  the  Sapotaceae  \ 

Hair-like  external  glands  have  not  been  observed  in  any  form  in  the  follow- 
ing Orders  and  genera  resjpectivelv :  Dilleniaceae,  Calycanthaceae,  Magnoliaceae, 
Trochodendraceae,  Lactoridaceae,  Anonaceae,  Sarraceniaceae  (with  external  glands, 
which  are  not  of  the  nature  of  hairs,  see  §  38),  Papaveraceae,  Fumariaceae,  Reseda- 
eeae,  Violarieae  (apart  from  glandular  shaggy  hairs  on  the  margin  of  the  leaf), 
Canellaceae,  Polygaleae,  Vochvsiaceae  (apart  from  nectaries,  see  §  a6),  Frankeniaoeae 
(apart  from  chalk-glands,  see  §37),  Tamarisdneae  (apart  from  chalk-glands,  see  §  37), 
Hypeiicineae,  Guttiferae,  Temstroemiaceae  ?  (apart  from  nectaries,  see  f  36), 
Humiriaceae  (with  the  exception  of  glandular  shaggy  hairs  on  the  margin  of  the  leaf), 
Malpighiaceae  (apart  from  nectaries,  see  §  36),  Koeberlinia^  Ochnaceae,  Luxemburgia- 
ceae  (excepting  glandular  shaggy  hairs  found  on  the  stipules  and  sepals  of  the 
Godoyeae),  Wallacea,  Chailletiaceae,  Olacineae  ?  (see  p.  11 17),  Octocnemaceae, 
Ilidneae,  Cyrilleae,  Celastrineae,  Hippocrateaceae,  Pentaphylacaceae,  Corynocarpa- 
ceae,  Stackhousieae,  Rhamneae  (apart  from  glandular  snaggy  hairs  situated  on  or 
near  the  margin  of  the  leaf  and  (see  §  t/S)  the  nectaries),  Didiereae,  Melianthaceae, 
Staphyleaceae  (apart  from  nectaries,  see  S  36),  Coriarieae,  Moringeae  (apart  from 
nectaries,  see  §  36),  Crossosomataceae,  Hamamelideae,  Ostrearia,  Myrothamnus^ 
Bruniaceae,  Rhizophoraceae  (apart  from  glandular  shaggy  hairs  on  the  stipules), 
Myrtaceae  sens,  str.,  Samydaceae  (apart  from  nectaries,  see  §  36),  Papayaceae,  Cacteae 
(see  §  36),  Ficoideae,  Umbelliferae  ?,  Araliaceae  (almost  always),  Kubiaceae  (apart 
from  glandular  shap;y  hairs  on  the  stipules,  &c. ),  Calycereae,  Campanulaceae,  Lobelia- 
ceae,  Epacrideae,  Diapensiaceae,  Sapotaceae  (two-armed  clothing  hairs  occasionally 
glandular),  Brachynema,  Styraceae  ?  (see  p.  1 1 17 ),  Salvadoraceae,  Apocjmaceae  and 
Asclepiadeae  (apart  from  glandular  shaggy  hairs  at  the  base  of  the  petiole  and  the 
glandular  hairs  of  Disckidia),  Loganioideae  (Loganiaceae,  apart  from  glandular  shajg^gy 
hairs  at  the  base  of  the  petiole),  Desfontainea,  Gentianeae  (apart  from  unisenate 
glandular  trichomes  in  the  aquatic  forms  and  glandular  bodies,  composed  of  nume- 
rous cells,  in  saprophytes),  Cuscuteae  (apart  from  glandular  shag^  hairs  on  the 
flower),  Columciliaceae,  Nyctagineae  ?,  Amarantaceae  ?,  Phytolaccaceae,  Bati- 
deae,  Aristolochiaceae,  Chlorantbaceae,  Myristicaceae  ?,  Monimiaceae,  Laurineae, 
Gomortegaceae,  Proteaceae  ?,  Thymelaeaceae,  Octolepis,  Gonystylus^  Penaeaceae, 
Geissohma,  Elaeagnaceae,  Lorantnaceae,  Santalaceae,  Myzoaendronf  Champereia^ 
Grubbia^  Balanophoreae,  Daphniphyllaceae,  Buxaceae  ?,  Balanopseae,  Thelygoneae, 
Casuarineae,  Saudneae  (apart  from  nectaries,  see  §  36),  Lacistemaceae ;  but  also  in 
certain  genera  of  numerous  other  Orders. 

The  hair-like  external  glands  show  numerous  points  of  difference  as  regards 
their  size,  shape,  and  structure  (number,  arrangement,  and  structure  of  the 
cells,  and  localization  of  the  secretion),  and  it  is  almost  impossible  to  comprise 
these  in  a  single  system,  applicable  to  all  the  various  Orders.  For,  one  and  the 
same  form  of  trichome  occurring  in  two  different  Orders  may  be  of  difiereiit 

'  A  combinatioD  of  the  glandnlar  and  clothing  functions  in  simple  hairs,  as  well  as  in  trichomes 
of  more  complicated  structure,  has  been  observed  m  the  Orders  Portulaceae,  Caesalpinieae,  Melasto- 
maoeae  (particularly  frequent  in  the  tribe  Miconieae,  in  which  combinations  of  glandular  hairs  with 
stellate,  tufted,  candelabra-  or  pelute  hairs  occur  in  almost  all  the  ^era),  Loganiaceae,  Solanaceae, 
Myoporineae,  Nyctagineae  (see  Fig.  154,  p.  646)  and  Platanaoeae;  m  hairs  of  uiis  type  tiie  glandular 
portion  may  be  rMtricted  to  a  single  cell  or  nuy  be  differentiated  as  a  multicellular  glandmar  body, 
which,  as  it  were,  is  independent  of  the  rest  of  the  hair.  For  details,  see  the  anatomical  descriptions  of 
the  Orders  named. 
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phylogenetic  importance  in  the  two  cases  ;  thus  the  uniseriate  glandular  haiis 
of  the  Solanaceae,  in  which  the  head  is  unicellular  or  dividedf  by  a  vertical 
wall»  form  the  starting-point  for  external  glands  with  a  uniseriate  stalk  and 
a  variously  shaped  head,  divided  by  horizontal  or  both  by  horizontal  and  vertical 
waUsy  while  the  glandular  hairs  of  a  similar  structure,  found  in  the  Scrophula- 
rineae,  constitute  a  starting-point  for  external  glands,  the  head  of  which  is 
divided  by  vertical  walls  only,  that  is  to  saj^  for  quite  another  type  of  hair. 

For  the  purpose  of  the  practical  determination  of  a  plant,  we  may  in  the 
following  paragraphs  first  (under  I)  summarize  especially  the  small  forms  of 
glandular  hairs,  which  have  a  simple  structure,  in  contrast  to  other  types  of 
glandular  hairs,  which  are  mostly  of  large  size  and  generally  have  a  com* 

Cheated  structure  (see  under  II) ;  it  mus^  however,  be  pointed  out  that  the 
oundary-line  between  the  two  kinds  of  hairs  is  artificial  and  therefore  not 
sharply  marked.  The  small  glandular  hairs  may  then  in  the  first  place  be 
classified  in  two  further  groups  in  accordance  with  the  remarks  made  in  f  2^  ; 
the  second  of  these  groups  (I  b)  includes  those  forms  of  glandular  hairs,  in 
which  the  head  is  dividea  solely  by  vertical  walls,  while  the  other  (I  a)  com- 
prises all  the  remaining  forms. 

I  a.  Unicellular  glandular  hairs,  which  for  the  most  part  have  a  tubular 
shape,  have  been  observed  in  the  following  Orders :  Ranunculaceae  (Fig.  i» 
p.  16),  Menispermaceae,  Malvaceae,  Tiliaceae,  Zygophylleae  (Fig.  38,  p.  168), 
Geraniaceae,  Rutaceae,  Olacineae  ?  (Fig!  48,  p.  204),  AmpeUdaceae,  Anacardia- 
oeae,  Papilionaceae,  Qnagrarieae,  Comaceae  (Fig.  09,  p.  435),  Gmipositae  (latici- 
ferous  hairs,  which  stand  in  connexion  with  the  laticiferous  vesseb),  Disckidia 
(Asclepiadeae),  Monotropeae,  Symplocos  ?  (Styraceae),  Podostemaceae,  Pipera- 
ceae  (m  the  form  of  large  pearl-glands.  Fig.  168,  p.  689),  Euphorbiaceae  (secre- 
tory cells  of  Crotan,  which  are  differentiated  Tike  papillae,  see  1 14  and  Fig. 
180,0.748). 

The  multicellular  glandular  hairs,  to  be  discussed  here,  are  very  diverse. 
In  the  simplest  case  they  consist  merely  of  a  row  of  cells,  which  is  eith^  filiform 
or  broadened  towards  the  upper  end  in  a  clavate  manner.  The  appearance 
of  longitudinal  division-walls  m  most  of  the  cells,  or  only  in  the  terminal  portion 
of  the  hair,  results  in  the  formation  of  compUcated,  fihf orm  or  club-shaped  glan- 
dular haiis,  which  are  occasionally  curved  or  involuted  in  a  peculiar  manner. 
Other  types  of  glandular  hairs  are  differentiated  into  a  staUc  and  a  head. 
The  stalk  varies  in  length,  and  is  unicellular,  uniseriate  or  composed  of  a  few 
rows  of  cells,  while  the  head,  which  varies  in  size,  is  spherical  or  ellipsoidal,  or 
otherwise  shaped,  and  consists  of  one  or  many  cells ;  in  those  cases,  in  which  the 
head  is  multicellular,  it  may  be  divided  by  horizontal  walls  only,  or  both  by 
horizontal  and  vertical  walls  or  quite  irregularly. 

The  multicellular  glandular  hairs  in  question  have  been  observed  in  the  following 
Orders  and  genera :  Menispermaceae  (uniseriate),  Berberideae  (rare),  Nymphaeaceae 
(uniseriate,  in  part  very  short,  Fi^.  12,  p.  49),  Crudferae  (uniseriate,  head  uni-  or 
bicellular,  Fi^.  15,  p.  03),  Cappandeae  (diverse  tjrpes,  head  in  part  unicellular), 
Cistineae  (uniseriate,  glandular  hairs  in  piart  very  long  and  filiform.  Fig.  21,  p.  81), 
Bixineae  (various  types),  Pittosporeae  (uniseriate),  Caryophylleae  (uniseriate,  head 
unicellular.  Fig.  25,  p.  108),  Portulaceae  (uniseriate.  Fig.  26,  p.  112),  Temstroemia* 
ceae  ?,  Dipterocarpeae  (unicellular  peltate  head,  Fig.  31,  p.  137;  see  I  b),  Monotes 
(uniseriate),  Chla^iaceae  (various  types),  Malvaceae  (various  types,  incL  uniseriate 
Inlands  with  a  unicellular  head ;  see  lb),  Sterculiaceae  (various  t3rpes),  Tihaceae  (as 
in  the  Sterculiaceae),  Geraniaceae  (uniseriate  with  a  unicdlular,  rarely  multic^ular 
head.  Fig.  39»  p.  170),  Rutaceae  (various  types.  Fig.  41,  p.  177),  Simarubaceae 
(diverse  types.  Fig.  42,  p.  183),  Burseraceae  (various  types.  Fig.  43,  p.  191),  Melia- 
ceae  (various  types.  Fig.  45,  p.  197),  Sapindaceae  (various  types  ;  see  I  b),  Hippo- 
castanaceae  (as  m  the  Sapindaceae),  Aceraceae  (various  types),  Sabiaceae  (head 
unicellular;  see  lb),  Anacardiaceae  (various  types;  see  I  b),  juliania^  (head  n^ulti- 

*  According  to  F.  E.  Fritsch,  Trans.  Linn.  Soc.  London,  ni,  1908. 
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cellular),  Connaraceae  (only  on  the  floral  oreans),  Papilionaceae  (various  types,  heads 
in  part  unicellular,  Fip;,  59,  p.  268 ;  see  lb),  Caesalpinieae  (diverse  tyi^es.  Fig.  63, 
p.  287),  Mimoseae  (various  types.  Fig.  65,  p.  295 ;  see  I  b),  Rosaceae  (various  types), 
Saxiirafi^ceae  (various  types,  heads  in  psui;  unicdlular ;  see  I  b),  Crassulaceae  (diverse 
types),  Combretaceae  (various  types  ;  see  I  b),  Lecytbidaceae  (groups  of  uniseriate 
frauds ?),  Melastomaceae  (various  types;  see  lb),  iJoaseae  (uniseriate),  Tumeraceae 
(various  types ;  see  I  b),  Cucurfaitaceae  (head  uni*  or  multicellular,  its  ceUs  occasionally 
drawn  out  into  lappets;  see  lb),  Begoniaceae  (various  tyoes.  Fig.  88,  p.4Di,  head  in 
part  hammer-shaped;  multiceUular  pearl-glaads),  Umbelliferae  (? ? ;  certauily  very 
rare),  Araliaceae  (uniseriate),  Comaceae  (various  types),  Caprifoliaceae  (various  types; 
see  I  b),  Valerianeae  (multicellular  heads;  see  I  b),  Dipsaceae  (as  in  the  Valerianeae), 
Compositae  (various  types,  commonly  Mseriate  vesicular  s^landular  hairs.  Fig.  103, 
p.  458;  see  I  b),  Candolleaceae  (heads  of  diverse  types ;  see  I  b),  Goodeniaceae  (multi* 
cellular  heads;  see  I  b),Vacciniaceae  (various  t3rpes ;  in  some  cases  biseriate  llgulate 

flandolar  hairs.  Fig.  108,  p.  478),  Ericaceae  (various  types,  occasionally  uniseriate, 
'i^.  1 10,  p.  485  ;  see  X  b),  Monotropeae  (vanous  types,  see  I  b),  Lennoaceae  (uni- 
seriate Rlands  with  a  unicellular  head),  Primulaceae  (uniseriate  glands  with  a  uni- 
cellular head.  Fig.  1 14,  p.  502 ;  see  I  b),  Myrsineae  (head  unicellular ;  see  I  b),  Ebena- 
ceae  (uni-  or  mmticeUular  heads ;  see  I  b),  Plocosperma,  Polemoniaceae  (heads  uni- 
cellular or  divided  by  means  of  horizontal  walls  into  several  tiers,  which  are  themselves 
divided  by  vertical  waUs ;  see  I  b),  Hydrophyllaceae  (various  types,  in  part  with 
unicellular  heads ;  see  I  b),  Boragineae  (heads  unicellular  and  variously  shaped. 
Fig.  126,  p.  557),  Omvolvulaceae  (various  types,  in  part  uniseriate.  Fig.  129,  p.  567  ; 
see  I  b),  Isolaneae  (heads  of  diverse  types,  also  unicellular),  Solanaceae  (various  types, 
heads  in  part  unicellular.  Fig.  133,  p.  577 ;  see  I  b),  ReUia  (diverse  types),  Scrophu- 
larineae  (unicellular  heads ;  see  I  b),  Orobanchaceae  (as  m  the  Scrophularineae), 
Lentibularieae  (as  in  the  Scrophularineae),  Gesneraceae  (as  in  the  Scrophularineae), 
Acanthaceae  (as  in  the  Scropnularineae),  Myoporineae  (as  in  the  Scrophularineae), 
Verbenaceae(as  in  the  Scrophularineae),  Labiatae  (rarely  unicellular  heads,  which  are 
of  large  size  and  have  a  cuticle,  which  is  strongly  elevated  in  a  vesicular  manner, 
otherwise  as  in  the  Scrophularineae),  Plantagineae  (various  types ;  see  I  b),  Nycta- 
gineae  (uniseriate,  in  paurt  branched,  with  unicellular  heads.  Fig.  154,  p.  646;  nairs 
really  glandular  ?),  Ulecebraceae  (uniseriate  with  unicellular  heads),  Amarantaceae 
(as  in  the  Ulecebraceae,  glandular  ?),  Chenopodiaceae  (uniseriate.  Fig.  159,  p.  659), 
Polygonaceae  (unicellular  heads ;  see  lb),  Piperaceae  (unicellular  heads ;  hydathodes. 
Fig.  168,  p.  689)  Myristicaceae  (see  p.  699),  Hemandiaceae  {Illigera  with  a  transversely 
septate,  Ucellular  head.  Fig.  172,  p.  708),  Proteaceae  (Fig.  173,  p.  713),  Euphorbiaceae 
(various  tjrpes,  heads  in  pa^  unicellular ;  see  I  b),  Ulmaceae  (various  types),  (3anna- 
bineae  (Fig.  x8i,  p.  769 ;  see  I  b),  Moraceae  (various  types,  in pieirt  uniseriate ;  see  lb), 
Urticeae  (see  lb),  Platanaceae  (unicellular  heads),  Leitnerieae,  M3nicaceae  (various, 
types,  in  part  uniseriate ;  see  I  b),  Cupuliferae  (diverse  types,  in  part  uniseriate. 
Fig.  187,  p.  793;  see  lb),  Empetraceae  (various  types,  heads  in  part  unicellular. 
Fig.  188,  p.  800). 

It  remains  to  mention  the  following  special  forms  of  the  mtdticelliilar 
glands  (apart  from  those  already  indicated  in  the  preceding  review  by  the 
use  oif  heavy  type) :  {a)  the  peltate  glandular  hairs  of  certam  Papilionaceae 
(Fig.  59,  p.  268),  Mimoseae  and  Droseraceae  (Fig.  71,  p.  325),  which  have  a 
shield  composed  of  two  layers  of  cells ;  (b)  the  spherical  glands  of  certain 
Papilionaceae  (especially  Phaseoleae),  in  which  abundant  secretion  is  deposited 
between  the  cells  of  the  head  (which  are  in  loose  connexion  with  one  another), 
and  in  a  subcuticular  position  (Fig.  59,  p.  268) ;  (c)  the  peltate  or  spherical 
glands  of  certain  Papilionaceae  (Fig.  59),  Caesalpinieae  (Fig.  63,  p.  287) 
and  Lythrarieae  (Fig*  80,  p.  370),  which  enclose  an  intercellular  secretory  space ; 
{d)  the  branched  external  glands  of  certain  species  of  Santiria  (Burseraceae, 
Fig.  43,  p,  loi),  Rhm  (Anacardiaceae)  and  Mimosa  (Mimoseae),  and  of  Cono- 
cephalus  and  SparaUosyce  (Moraceae) ;  (e)  the  penicillate  mucilage-hairs  of 
certain  species  of  CandoUea  (Candolleaceae),  which  show  special  peculiarities 
in.  certain  stages  of  their  development,  and  are  provided  with  two  or  more 
uniseriate  rays,  which  are  bi-  or  multicellular  ;  (/)  lastly,  the  external  glands 
of  certain  Melastomaceae,  which  have  two  or  four,  or  even  more  heads  situated 
on  a  common  stalk,  and  the  paired  glands,  found  in  species  of  Acer  (Aceraceae), 
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in  which  the  unicellular  stalks  are  fused  lengthwise  with  one  another.  Finally, 
brief  mention  may  be  made  of  the  occasional  combination  of  glandular  hairs 
in  poups  (Compositae,  Ficoideae  \  Moraceae,  see  also  §  36  under  nectaries), 
and  the  outgrowth  of  cells  of  the  stalks  of  the  glandular  hairs  in  a  papillose 
or  hair-like  manner  (in  certain  Melastomaceae). 

I  b.  The  glandular  hairs,  the  heads  of  which  are  divided  solely  by 
means  of  vertical  walls*,  may  be  divided  into  those  which  have  peltate  heads, 
and  those  which  have  spherical  heads.  The  former  for  the  most  part  have 
short  stalks,  while  the  latter  generally  have  longer  stalks,  the  stalks  often 
being  of  considerable  length.  The  number  and  mode  of  arrangement  of  the 
cells  forming  the  head  (which  is  of  variable  size)  varies,  occasionally  even  in 
the  trichomes  of  one  and  the  same  species.  In  most  cases  there  is  only  a  sUght 
accumulation  of  secretion  beneath  the  cuticle.  Vesicular  integomentai  glands 
of  the  peltate  type,  in  which  the  cuticle  is  raised  like  a  bladder  owing  to  the 
formation  of  abtmdant  secretion,  have  been  recorded  only  in  a  few  Orders 
(Bfimoseae,  Combretaceae,  Fig.  76,  p.  346,  Melastomaceae,  Tumeraceae  ?, 
Fig-  83,  p.  382,  Compositae  ?,  AfUhotroche^  Bi^^noniaceae,  Fi§.  141,  p.  603, 
Verbenaceae,  Labiatae,  Fig.  152,  p.  638^  Euphorbiaceae,  Cannabmeae,  Fig.  181, 
p.  760,  and  Myricaceae).  Special  forms  of  these  glands  are  constituted  by  the 
mudlage-hairs  of  certain  species  of  CandoUea^  in  which  the  cells  of  the  head  are 
rod-shaped,  and  the  well-known  kamala-glands  of  MaUotus  (Euphorbiaceae)  with 
a  head,  composed  of  club-shaped  cells.  Other  special  forms  of  the  glandular 
hairs  in  question  are  as  follows.  Large  peltate  glands,  which  are  differentiated 
after  the  manner  of  the  intra-mural  glands,  are  found  in  Rhododendron  and  Ledum 
(Ericaceae,  Fig.  no,  p.  485),  while  special  types  of  glands,  the  heads  of  which 
are  divided  solely  by  a  single  vertical  wall,  occur  in  some  of  the  Buddleioideae 
(Loganiaceae,  Fig.  124,  p.  542).  Characteristic  peltate  ghuids  (Fig.  135, 
p.  586)  are  widely  distributed  in  the  Rhinanthaceae ;  these  glands  consist  of 
a  uni-  or  multicellular  basal  portion,  a  middle  cell  and  a  group  of  2-4  lid-cells, 
covering  the  middle  cell.  Peltate  glands  of  quite  a  similar  type  are  found 
also  in  Aionophyllaea  (Gesneraceae),  the  glands  here  excreting  chalk  and  having 
two  Ud-cells.  Other  particularly  noteworthy  forms  are :  (a)  the  glandular 
hairs  of  certain  Lentibularieae  (Fig.  139,  p.  596),  which  are  provided  with 
a  stellate  or  two-armed  terminal  portion,  composed  of  four  and  two  cells 
respectively,  these  glands  resembling  the  stellate  hairs  of  certain  Droseraceae, 
abready  mentioned  in  §  32 ;  (b)  the  curious  forked  glands  of  Primulina  (Gesnera- 
ceae) ;  (c)  the  glandular  hairs  of  certain  Gesneraceae,  which  are  provided  with 
a  stellate  head  with  3-4  rays ;  (d)  the  mucilage-glands  of  many  Pedalineae,  in 
which  the  outer  walls  of  the  glajidular  head,  which  consists  of  four  or  more 
cells,  become  mucilamious  (Fig.  143,  p.  612) ;  {e)  the  peculiar  peltate  glands 
of  the  Myoporineae  (Fig.  149,  p.  626J,  in  which  the  stalk  is  excentric ;  {f)  the 
shortly  stalked  chalk-glands  of  the  Selagineae  (Fig.  150,  p.  629),  the  heads  of 
which  consist  of  two  ceUs  and  mostly  have  two  laiobs  ;  {g)  the  external  glands 
of  certain  Gesneraceae  and  of  the  Tliunbergieae  (Acanthaceae,  Fig.  144,  p.  615), 
which  are  provided  with  a  hanmier-shaped  or  biscuit-shaped  head,  divided  by  a 
transverse  wall ;  and  (h)  the  peculiar  external  glands  of  Littordla  (Hantagineae, 
Fig.  153,  p.  643). 

Glandular  hairs  with  a  spherical  or  peltate  head,  divided  exclusively  by  one 
or  more  vertical  walls,  and  consisting  of  two  or  many  cells,  are  found  in  the  following 
Orders  and  genera :  Bixineae,  Dipterocarpeae  (Fig.  3 1 ,  p.  1 37 ;  see  la),  A  ncisirocladus 
(Fig.  32,  p.  143),  Malvaceae  (scarcely  typical ;  see  I  a),  Burseraceae,  Sapindaceae 

'  In  Glischrothamnus,  according  to  Pilger,  in  Englcr,  Bot.  Jahrb.,  zl«  1908,  p.  397. 

'  The  term  '  vertical  wall '  is  not  alwavs  to  be  interpreted  in  the  exact  geometriad  sense.  When 
the  heads  of  the  glandular  hairs  consist  of  numerons  cells  and  are  strongly  aidied  outwards,  the 
divislon-valls  namely  converge  towards  the  stalk,  the  cells  of  the  head  in  such  cases  being  geomily 
elongated  in  a  palisade-like  manner. 
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(see  I  a),  Hippocastanaceae  (see  I  a),  Sabiaceae  (see  la),  Anacardiaceae  (see  I  a)» 
PapiHonaceae  (very  rare;  see  I  a),  Mimoseae  (Fig.  65,  p.  295  ;  see  I  a),  Saxifra^aoeae 
(see  la),  Droseraceae (ByMt's),  Halorageae  (Fig.  72,  p.  337),  Combxetaceae  (Fig.  76, 
p.  346 ;  see  I  a),  Melastomaceae  (see  I  a),  Tumeraceae  (Fig.  83,  p.  382 ;  see  I  a), 
Cucurbitaceae  (see  I  a),  Caprifoliaceae  (Fig.  100,  p.  441 ;  see  I  a),  Valerianeae  (see 
I  a),  Compositae  ?  (see  I  a),  Dipsaceae  (see  I  a),  CajidoUeaceae  (see  I  a),  Goodeniaoeae 
(see  I  a),  Ericaceae  (Fig.  1 10,  p.  485  ;  see  I  a),  Monotropeae  (see  la),  Primulaceae  (see 
la),  Myrsineae  (Fig.  116,  p.  510;  see  la),  Ebenaceae  (see  la),  Oleaceae  (Fig.  1x9, 

?.  523),  Loganiaceae  (Fig.  124,  p.  542),  Polemoniaceae  (see  I  a),  Hydrophyllaceae  (see 
a),  Convolvulaceae  (Fig.  129,  p.  567 ;  see  I  aj,  Solanaceae  (Fig.  133,  p.  577 ;  see  I  a), 
Scrophularineae  (Fig.  i35»p.  586;  see  la),  Orobanchaceae  (see  la),  Lentibulatieae 
(Fig.  136,  p.  592;  see  la),  C^esneraceae  (Fig.  140,  p.  599;  see  I  a),  Bignoniaoeae 
(Fig.  141,  p.  603),  Pedalineae  (Fig.  143,  p.  612),  Acanthaceae  (Fig.  144,  p.  615  ;  see 
I  a),  Myoporineae  (Fig.  149,  p.  626 ;  see  I  a),  Sela^iineae  (Fig.  1 50,  p.  629),  Verbenaceae 
(Fig.  1 51,  p.  632;  seela),LaDiatae(Fig.  152,  p.  638;  see  I  a),  Plantagineae  (Fig.  153, 

t643 ;  see  I  a),  Polygonaceae  (see  I  a),  Nepenthaceae  (Fig.  165,  p.  679),  Cytinaceae, 
uphorbiaceae  (see  I  a),  Cannabineae  (Fig.  181,  p.  769;  see  I  a),  Moraceae  (see  I  a), 
Urticeae  (see  I  a),  Juglandeae,  Myricaceae  (see  I  a),  Juglandeae,  Myricaceae  (see  I  a), 
Cupuliferae  (Fig.  187,  p.  793  ;  see  la). 

II.  Hair-Uke  external  glands^,  which  are  generally  of  large  size  and 
in  most  cases  have  a  complicated  structure.  We  may  first  mention  the 
following  forms.  Multicellular  lageniform  or  urceolate  glands  (Fig.  34,  p.  149) 
occur  in  certain  Malvaceae.  Pearl-glands,  which  are  composed  of  many  (some- 
times very  many)  cells,  are  found  in  certain  Sterculiaceae,  Ampelidaceae(Fig.  52, 
p.  223),  daesalpinieae,  Begoniaceae^  Moraceae,  and  Urticeae ;  some  of  these 
glands  have  an  epidermis  of  small  cells,  which  includes  a  stoma  situated  on 
the  side  opposite  to  the  stalk.  Spherical  glands  with  a  palisade-epidermis  and 
a  pair  of  guard-cells,  situated  on  the  side  opposite  to  the  short  stalk,  occur  in  Lesa 
(Ampelidaceae,  Fig.  52,  p.  223).  Small,  almost  sessile,  cucuUate  glands  are  found 
at  the  base  of  a  depression  (which  is  provided  with  a  narrow  aperture)  in  the  sur- 
face of  the  plant  in  Laguncularia  (Fig.  76,  p.  346)and  Conocarpus  (Combretaceae). 
Other  forms  requiring  mention  are  the  lageniform  external  glands  of  Dictamnus 
(Rutaceae,  Fig.  41,  p.  177),  the  b^al  portion  of  which  includes  a  secretory  cavity, 
and  the  cylindrical  emergences  of  Eucalyptus  (Myrtaceae,  Fig.  77,  p.  353),  which 
likewise  contain  a  secretory  cavits^.  The  external  glands  of  Dictamnus  are  closely 
related  on  the  one  hand  to  the  conical  glandular  shaggy  hairs  of  Cufhea  lanceolata 
(Lythrarieae,  Fig.  80,  p.  370),  which  are  composed  of  numerous  cells  and  contain 
a  group  of  secretory  cells  in  their  basal  portion,  and  on  the  other  hand  to  the 
bidbous  hairs  of  certain  Papilionaceae,  (^esalpinieae  (Fig.  59,  p.  268,  and  Fig. 
63,  i4,  p.  287)  and  Tumeraceae  (Fig.  83,  p.  382),  in  which  there  is  no  secretory 
cavity  in  the  swollen  base  of  the  gland.  The  retort-shaped  glands  of  certain 
Caesalpinieae  (Fig.  63,  Z>,  p.  287),  lastly,  constitute  somewhat  reduced  forms  of 
bulbous  hairs,  the  basal  portion  of  which  is  sunk  into  the  tissue  of  the  organ 
bearing  them ;  with  them  we  may  class  the  retort-shaped  hairs  of  BeUucia 
(Melastomaceae),  which  are  merely  uniseriate  and  have  a  basal  portion,  divided 
by  numerous  septa.  The  remaining  external  glands,  to  be  included  here,  are 
glandular  shaggy  hairs,  having  a  multiseriate  stalk  of  varying  length  and  a 
head,  which  is  either  (rarely,  in  Menispermaceae,  Fig.  7,  p.  41,  Papmonaceae, 
Convolvulaceae,  Cuscuteae)  unicellular  or  irregularly  multiceQular  or  (in  very 
many  cases,  see  Fig.  loi,  p.  446)  consists  of  a  central  core  of  cells,  which  are 
elongated  in  the  direction  of  the  length  of  the  stalk  and  are  enveloped  by  one 
or  more  layers  of  secretory  palisade-cells.  The  stalk  (and  sometimes  also  the 
core  in  those  glands,  the  heads  of  which  are  provided  with  a  palisade-epithelium) 
often  contains  a  vascular  bundle  or  the  termination  of  a  vascular  bundle. 
Glandular  shaggy  hairs,  showing  the  type  of  structure  just  described,  are 
occasionally  (e.g.  in  the  Rosaceae  and  Euphorbiaceae)  connected  by  transi- 
tions with  glanaular  spots,  having  an  identical  structure  (see  §  36). 

'  For  the  external  glands  found  in  insectivorous  plants,  see  %  38,  p.  1133. 
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CaandttlT  ahafgy  hairs  have  been  obeerved  ia  tibe  loUowing  Onlefs  and 
genera:  Menispennaceae  (Fig.  7»  p.  41),  Cincilenie  (Fig.  ij,  p,  63),  Cappandeae, 
Tremandreae*  £latiiieae,  TiUaceae,  lineae,  Geraniaceae*  Sunambaceae  (Fig.  42, 
p.  183),  Lnxemburgiaceae  (Godoyeae,  on  the  stipules  and  sepals),  Rhamneae  (lor 
the  most  part  only  on  the  margin  of  the  leai),  Sapindac«aie,  Aceraoeae  (occa- 
sionally separating  mto  two  uniseriate  hair-Uke  filaments  at  the  apex,  see  p.  893), 
Papilionaoeae,  Mimoseae,  Rosaceae,  Saxifragaceae  (Fig.  68,  p.  316),  Pemikofum^ 
Crassnlaceae,  Droseraoeae  (digestive  glands,  showing  a  uniiorm  type  of  stmctnre, 
Fiff.  7i»P.33$),Halorageae(Fi^.73,  pu  337),  Rhixophoraceae  (generally  on  the  stipules 
only),  Melastomaceae,  L3rthraneae,  Tumeraceae  (Fig.  83,  p.  382),  Passiflonioeae  (Fig. 
84*  P*  335).  Bqroniaceae,  Datisceae,  Arahaceae,  Rubtaceae  (only  on  the  stipules  and 
floral  organs,  fig.  zoi,  p.  446),  Compositae,  Candolleaceae,  Vacdniaoeae,  Ericaceae, 
Monotiopeae,  Iaumb^;ineae,  Apocynaceae  (on  the  petioles,  &c.),  Asd^aadeae 
ffor  the  most  part  as  in  the  Apoc3maceae),  Loganiaceae  (as  in  the  Asdepiadeae), 
ueotianeae  (rare,  in  the  axils  or  on  the  surface  of  the  leaves),  Convolvulaceae,  Cuacu* 
teae(in the  flower),  Solanaceae  (Fig.  1 33,  p.  577  )•  Polygonaceae,  Nepenthaceae  (pitcher- 
and  nectarial  elands),  Euphorbiaceae,  Thelygoneae,  Ceratc^hylleae  (apices  of  the 
leaves).  For  details  as  to  the  structure  of  the  glandular  shaggy  hairs,  see  the 
individual  Orders. 

The  varied  natttre  of  the  aecrction,  produced  by  the  hair-like  external 
glands,  has  ahready  been  repeatedly  referred  to  (see  also  §  29),  and  it  is  only 
necessary  to  add  that  excretion  of  carbonate  of  lime  or  of  some  other  salt 
has  been  observed  in  certain  Papilionaceae,  Omvolvnlaceae,  Scrophularineae, 
(jesneraceae,  Bimoniaceae  and  belagineae.  In  some  cases  the  secretion  of 
resin  is  so  considerable  that  the  leaves  become  covered  with  a  perfect  layer  of 
varnish  ^ 

External  glands,  which  are  sunk  in  the  surface  of  the  leaf,  occasionally 
give  rise  to  transparent  dots. 

I  35.  Glandular  Leaf-Teeth  ^  are  found  in  species  bekxiging  to  a  large 
number  of  Orders.  According  to  the  t3rpe  of  structure  they  show  they  may 
be  grouped  in  three  categories.  In  the  first  case  the  leaf-teeth  bear  the  same 
kinds  of  glandular  hairs  as  occur  on  the  surface  of  the  leaf ;  in  the  second  case 
they  have  a  secretory  epidermis,  which  is  differentiated  like  palisade,  or  they 
are  completely  transformed  into  glandular  shaggy  hairs,  the  ei)idermis  of 
which  shows  the  same  differentiation  ;  and  in  the  third  case  they  include  the 
termination  of  a  vascular  bundle,  which  is  associated  with  an  epithema  (often 
containing  mucilage),  the  epidermis  above  the  latter  containing  one  or  more 
water-pores.  Leaf-teeth  of  the  first  and  second  types  secrete  resin,  while 
those  of  the  third  type  secrete  mucilage  or  water  (the  latter  in  some  cases 
contains  chalk,  which  becomes  depositra  on  the  surface  of  the  plant,  e.g.  in 
the  Violarieae  and  Saxifragaceae).  The  process  of  secretion  frequentiy  takes 
place  only  in  the  young  leaf.  The  glandular  leaf-teeth  in  some  cases  no  doubt 
function  also  as  extrafloral  nectaries. 

The  structure  of  the  glandular  leaf -teeth  has  been  examined  in  the  following 
Orders :  Ranunculaceae,  Trochodendraceae,  Crudferae,  Violarieae,  Caryophylleae, 
Temstroemiaceae,  Tiliaceae»  Humiriaceae,  Geraniaceae,  Celastrineae,  Khamneae, 
Aceraceae,  Staphyleaceae,  Ampelidaceae,  Papilionaceae,  Rosaceae,  Saxifragaceae, 
Hamamelideae,  Halorageae,  Onagrarieae,  Cucurbitaceae,  Capjrifoliaceae,  Dipsaceae, 
Compositae,  Campanulaceae,  Vacciniaceae,  Primulaceae,  Gentianeae,  Polemoniaceae, 
Scrophularineae,  Verbenaceae,  Labiatae,  Ulmaceae,  Cannabineae,  Moraceae, 
Juglandeae,  Cupuliferae,  Salicineae.     For  details,  see  under  the  individual  Orders. 

§  36.  Large  Glandular  Mechanisms  (Nectaries)'.    At  this  point 

'  Volkens,  Lack.  BL,  Sitz.-Ber.  deutsch.  bot.  Gcsellsch.  1890,  p.  lao. 

'  See  Reinke,  in  Pringsheim  Jahrb.,  x,  1876,  p.  119;  and  Virchow,  BUttzahne,  Axchiv 
d.  Pharm.,  1896. 

*  See  etp^dally  Poalten,  Trik.  og  Nektar.,  Vidensk.  MeddeL  naturh.  For.  Kjffbenhavn,  1875, 
abstr.  in  Just,  1875,  p.  1013:  Bonnier,  Nect..  Ann.  sc.  nat.,  s^.  6,  t.  viii,  1878;  [Davis,  Nectar- 
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I  propose  to  give  a  collective  account  of  the  large  glandular  merhaniMns, 
generally  described  as  nectarial  glands  or  nectaries.  The  glands  in  question 
vary  very  much  in  structure.  They  do  not  always  form  a  secretion,  which 
contains  sugar  or  is  of  the  nature  of  honey,  for  the  secretion  is  sometimes 
mucilaginous  or  like  wax,  while  in  other  cases  (in  the  hydatiiodes)  it  is  no 
doubt  merely  water  ;  so  that  the  term  'nectary'  is  not  always  suitable. 
Owing  to  their  large  size  these  glands  are  visible  even  to  the  naked  eye,  and 
have  therefore  been  recorded  in  many  Orders  by  systematists.  In  some 
Orders  they  are  of  such  general  occurrence  that  they  constitute  a  diagnostic 
character  aiding  in  the  recognition  of  a  member  of  the  Order,  while  in 
other  Orders  they  are  found  either  in  all  (e.  g.  Qualea^  Vochysiaceae)  or  only 
in  certain  species  of  a  genus.  Only  those  nectaries,  which  appear  on  the 
vegetative  oilcans,  will  be  considered  here ;  very  commonly,  however,  nectaries 
occur  on  the  mflorescence  and  on  the  sepals,  either  side  by  side  with  those  on 
the  vegetative  organs  or  to  the  exclusion  of  the  latter.  The  position,  in  which 
they  occur  on  the  leaf,  varies.  They  may  be  present  to  the  number  of  one 
or  more  on  either  side  of  the  base  of  the  petiole  in  the  form  of  disc-shaped 
or  wart-like  glands  ;  in  other  cases  they  are  shifted  up  on  to  the  petiole,  where 
they  constitute  wart-like  appendages,  or  are  developed  in  the  form  of  depressed 
caUosities  on  its  upper  side,  while  not  uncommonly  they  are  situated  at  the 
limit  of  lamina  and  petiole,  appearing  as  discoid,  wart-shaped  or  pit-like  struc- 
tures. In  other  cases  again  they  are  found  on  the  lower  side  of  the  lamina, 
although  sometimes  restricted  to  the  basal  portion ;  the  nectaries  on  the 
lamina  are  developed  as  pit-like  callosities  on  the  midrib  or  apex  of  the  leaf, 
as  disc-shaped  structures  on  the  leaf-margin,  and  as  shallow  pit-like  or  disc- 
shaped glands,  or  as  mere  spots  on  the  lower  surface  of  the  leaf,  where  they 
occur  in  varying  numbers  and  occasionally  show  a  definite  arrangement  with 
reference  to  the  veins.  Nectaries  are  rardy  found  also  on  the  upper  surface 
of  the  leaf.  They  have,  however,  also  been  obscarved  on  the  stipides,  and  in 
some  cases  they  are  metamorphosed  stipules  or  stipels  (Sterculiaceae,  Capri- 
foliaceae,  Leguminosae,  Combretaceae) ;  in  the  species  of  Capparis^  belonging 
to  the  section  CynophaUa^  DC,  moreover,  they  are  transformed  foliage-shoots. 
The  structure  of  the  nectaries  is  very  diverse,  and  on  the  basis  of  these  differ- 
ences in  structtu-e  the  majority  of  the  nectaries  may  be  classified  in  two  series, 
which  are  connected  with  one  another  by  transitional  forms.  The  nectaries 
of  the  first  series  are  composed  of  groups  of  small  glandular  hairs,  which  are 
found  either  (a)  on  the  surface  of  the  or^;an,  or  (h)  in  shallow  depressions  in  the 
surface,  or  (c)  clothing  deep  pits  of  diverse  structure  in  the  surface  of  the 
organ,  these  pits  often  being  provided  with  a  narrow  ostiole,  or  (d)  lining  the 
inner  wall  of  hollow  glandular  bodies,  which  have  an  ovoid  form  (Olacineae). 
The  structtu-e  of  the  glandular  hairs  forming  these  nectaries  is,  as  a  general 
rule,  identical  with  ttmt  of  the  external  gl^ds,  which  are  found  as  isolated 
trichomes  on  the  vegetative  organs  of  the  species  in  question,  although  the 
secretory  portion  is  usually  more  strongly  devdoped.  To  this  series  belong 
the  nectaries  found  in  certain  Menispermaceae,  Malvaceae,  Sterculiaceae, 
Olacineae,  Papilionaceae  (Fig.  59,  p.  268),  Oleaceae,  Convolvulaceae  and 
Polygonaceae,  as  well  as  the  glandidar  zones  on  the  stems  of  certain  Sileneae 
(Fig.  25,  p.  108).  The  simpler  forms  of  the  nectaries  of  the  first  series  are 
related  to  the  groups  of  glandular  hairs,  mentioned  in  §  34  (p.  1128),  and  the 
latter  can  to  some  extent  be  regarded  as  initial  stages  in  the  development  of 


glands  00  leaves,  Bot.  Gazette,  1883,  p.  339]  ;  Delpino,  Fnos.  mirmecof.,  Mem.  Aoc.  Bologna,  1886, 
p.  215,  and  1888,  p.  601  ;  Morini,  Nett.  estnmnz.,  Mem.  Ace  Bologna,  1886,  p.  325,  and  6  tab., 
here  also  the  older  literature;  Haapt,  Sekretionsmechanik  d.  eztrannpt.  Nekt.,  Flora,  190a,  p.  i, 
also  Diss.,  Leipdg;  Schwendt,  Extraflomle  Nektarien,  Beih.  z.  Bot.  Centralbl,  xzii,  Abt.  i,  1907. 
p.  a45  et  seq.  and  tab.  ix. 
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such  nectaries.  The  ionxis  of  nectaries,  comprised  in  the  second  series,  are 
more  widely  distributed  than  those  of  the  nrst  series.  The  former  in  the 
first  place  show  aU  transitions  between  bodies,  which  project  in  the  form  of 
a  head,  wart,  or  disc,  and  may  occasionally  even  be  stalked,  and  structures 
formed  solely  by  a  group  of. superficial  cells  on  the  organ  bearing  the  gland. 
In  the  two  extreme  types  of  the  nectaries  belonging  to  this  series,  as  well  as 
in  their  intermediate  forms,  the  glandular  tissue  may  consist  throughout  of 
small  polyhedral  cells  with  thin  walls,  or  the  epidermis  of  the  gland  may  be 
differentiated  as  a  palisade-epithelium ;  when  the  latter  is  strongly  elongated, 
each  of  its  prismatic  cells  is  frequently  divided  by  a  transverse  wall.  Pit-like 
nectaries,  which  occasionally  have  a  number  of  subsidiary  excavations  and 
open  to  the  exterior  by  means  of  a  wide  or  narrow  orifice,  are  very  rare,  but 
have  been  observed,  for  example,  in  Marcgravia  (Temstroemiaceae),  Caprosma 
(Rubiaceae),  Fagraea  (Loganiaceae),  and  in  the  Nepenthaceae  (Fig.  164,  p.  678) ; 
the  pits  in  these  nectaries  are  clothed  by  one  or  several  layers  of  secretory 
palisade-cells. 

In  the  following  synopsis  of  the  Orders,  in  which  *  extrafloral  nectaries '  occur, 
details  as  to  their  shape  and  distribution  are  added  only  in  those  cases  in  which  the 
structure  of  the  glands  has  not  yet  been  investigated,  so  that,  as  a  general  rule,  they 
have  not  been  considered  in  the  earlier  part  of  this  book  :  Menispennaceae,  Cappan- 
deae  (axillary  nectaries  in  species  of  Capparis  belonging  to  the  section  CynophaUa)^ 
Bixineae  (two  large  nectanes  at  the  base  of  the  leaf  m  Scolopia  and  Idssia^  also 
glandular  leaf-teedi),  Vochysiaceae  (impressed  nectaries  on  eitner  side  of  the  base 
of  the  petiole  in  Qualea),  Caryophylleae,  Ternstroemiaceae  (Marcgravieae),  Diptero- 
carpeae,  Malvaceae,  Stercuhaceae,  Tiliaceae  (glandular  leaf-teeth  in  Grewia  and 
Triutnfetta),  Humiriaceae,  Malpighiaceae  (Fig.  36,  p.  164),  Geraniaceae  (glandular 
warts  on  the  petiole  in  Impatiens),  Rutaceae  (in  Boronia,  also  discoid  or  wart-shaped 
nectaries  on  the  lower  side  of  tie  leaf  in  species  of  Zanthoxylon),  Simarubaceae 
(in  Ailanthus  and  CadeUia,  also  wart-like  nectaries  on  both  surfaces  of  the  leaf  in 
species  of  Samadera),  Oladneae,  Rhamneae,  Staphyleaceae  (two  glands  on  the  base 
of  the  leaf  in  Hueriea),  Anacardiaceae  (wart-like  nectaries  on  the  upper  part  of  the 
petiole  or  in  place  of  the  stipels  in  Holigarna),  Moringeae  (nectanes,  which  are 
occasionally  stadked,  at  the  base  of  the  pinnules  and  on  the  petiole  in  Moringa), 
Papilionaceae  (Fig.  59,  p.  268),  Caesalpinieae,  Mimoseae,  Rosaceae,  Combretaceae, 
Lec3rthidaceae,  Lytlu-aneae  (thick  bodies,  provided  with  an  open  pore  and  situated 
at  the  end  of  the  midrib  of  the  leaf  in  Lafoensia,  acarodomatia  ?),  Samydaceae 
(nectaries  at  the  apex  of  the  petiole  or  on  the  margin  of  the  leaf  in  Banara),  Tumera- 
ceae,  Passifloraceae,  Cucurbitaceae  (nectaries  of  diverse  shape,  often  discoid, 
situated  either  on  the  entire  lower  side  of  the  leaf  or  confined  to  the  base  of  the  leaf 
in  species  olAbobra,  Adenopus,  Alsomitra,  Bryonia,  Cephalandra,  Cucurbitat  Feuiliea, 
Lagenaria,  Luffa,  Momordtca,  Sphaerosicyos,  Trianosperma,  Trichosanthes),  Cacteae 
(see  Delpino),  Caprifoliaceae,  Kubiaceae,  Compositae  (at  the  base  of  the  foliage- 
leaves  in  the  floral  renon  of  Helianthus),  Vaccimaceae,  Ebenaceae  (nectaries  on  the 
lower  side  of  the  leaf  in  species  of  Diospyros  and  Royena),  Oleaceae,  Loganiaceae, 
Convolvulaceae,  Scrophularineae,  Bignoniaceae  (Fig.  141,  p.  603),  Verbenaceae, 
Polygonaceae,  Nepenthaceae,  Euphorbiaceae  (Fig.  180,  p.  748),  Moraceae,  Sali- 
cineae. 

For  groups  of  water-pores  (hydathodes)  appearing  as  small  pits,  warts  or  spots 
on  the  surface  of  the  leaf,  see  J  5,  p.  1086. 

Before  leaving  this  subject  we  may  point  out  that  the  glandular  spots  and  pits, 
which  have  been  included  among  the  nectaries,  must  not  be  confused  with  so-called 
acarodomatia  \  The  latter  are  conunonly  differentiated  as  small  pits  or  pockets, 
and  have  been  recorded  in  the  following  Orders  :  Ma^oliaceae,  Anonaceae,  Meni- 
spermaceae,  Violarieae,  Bixineae,  Temstroemiaceae  (mcl.  Marcgravieae),  Diptero- 
carpeae,  Sterculiaceae,  Tiliaceae,  Meliaceae,  Ilicineae,  Rhamneae,  Sapindaceae, 
Aceraceae,  Anacardiaceae,  Rosaceae,  Saxifragaceae  (Ribesieae),  Hamamelideae, 
Combretaceae,  Myrtaceae,  Melastomaceae,  Lythrarieae,  Comaceae,  Caprifoliaceae, 
Rubiaceae,  Compositae,  Sapotaceae,  Oleaceae,  Apocynaceae,  Asclepiadeae,  Logania- 


See  especially  PeDzig  e  Chiftberra,  Piante  acaroAle,  Malpighiai  190a,  p.  413  et  seq. 
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ceae»  Boragineae,  Solanaceae,  Bignoniaceae,  Verbenaceae,  Piperaceae,  Laurineae, 
£uphorbiaceae»  Urticaceae  (incL  Ulmaceae),  Platanaceae,  Juglandeae»  Cupuliferae. 

§  37.  Chalk-  and  Salt-Glands  of  the  Frankeniaceae,  Tamariscineae  and 
Plumbagineae.  These  glands  are  distinguished  by  the  fact  that  they  are 
not  differentiated  as  hairs.  Their  structure  is  simple  and  identical  in  the 
Frankeniaceae  (Fig.  24,  p.  106)  and  Tamariscineae,  wnile  in  the  Plumbagineae 
(Fig.  113,  p.  497)  it  is  of  a  more  complicated  type.  In  this  Order  one  aJso 
finds  mucilage-glands,  which  show  a  similar  structure,  apart  from  the  fact 
that  they  consist  of  still  more  numerous  cells  (Fig.  113).  Mucilage-glands, 
which  are  differentiated  as  hairs,  have  also  been  observed  in  the  Plumbagineae, 
while  glandular  shaggy  hairs  occur  on  the  inflorescence,  and  in  respect  of  their 
structure  both  kinds  of  trichomes  can  be  derived  from  the  above-mentioned 
mucilage-glands,  which  are  not  of  the  nature  of  hairs. 

For  glandular  hairs,  excreting  chalk  or  other  salts,  see  the  end  of  §  34 
(p.  1130) ;  regarding  leaf-teeth,  wWch  excrete  chalk,  see  §  35  (p.  1130). 

§  38.  Special  Forms  of  External  Glands  occurring  in  Insectivorous 
Plants.  The  glands  of  the  Sarraceniaceae  are  not  hair-Uke,  although  in 
other  respects  they  show  diverse  structure  (see  p.  53  et  seq.  and  Fig.  13) ; 
dands  of  a  similar  kind  are  fotmd  also  in  Cephalotus  (see  p.  319  and  Fig.  69). 
The  Nepenthaceae  have  nectarial  glands,  which  are  not  of  the  nature  of  hairs, 
but  take  the  form  of  small  pits,  the  wall  of  which  is  lined  by  three  layers  of 
secretory  cells  (see  §  36) ;  in  this  Order  one  also  finds  nectanal  and  digestive 
glands,  which  are  differentiated  as  hairs  and  have  2-3  layers,  of  secretory 
cells  (see  p.  677  et  seq.  and  Fig.  164).  The  glands  of  the  Droseraceae  (Fig.  71, 
p.  325)  are  always  developed  as  hairs  and  in  all  the  genera  (with  the  sole 
exception  of  the  genus  Byolis,  which,  according  to  Lang,  must  be  transferred 
from  the  Droseraceae  to  the  Lentibularieae)  are  distinguished  by  having  two 
layers  of  secretory  cells  and  a  suberized  middle  layer. 

§  3a  Cork- Warts  on  the  leaves.  In  certain  species  the  lower  sides 
of  the  leaves  bear  numerous  brown  dots,  which  are  often  styled  glands  in 
anatomical  descriptions,  and  may  therefore  be  discussed  at  this  point.  These 
dots,  however,  as  shown  by  a  microscopical  examination,  are  not  glandular, 
but  represent  local  formations  of  cork — so-called  cork-warts.  Mention  may 
also  be  made  here  of  the  constant  occurrence  of  corky  tissue  at  the  apices  of 
the  leaves  in  the  Bruniaceae. 

Cork-warts  have  been  observed  in  the  following  Orders  :  Berberideae,  Gutti- 
ferae,  Ternstroemiaceae,  lUdneae  (Fig.  50,  p.  210),  Celastrineae,  Hippocrateaceae, 
Chrysobalaneae,  Saxifragaceae,  Hamamdioeae,  Rhizophoraceae,  Myrtaceae  sens, 
str.,  Melastomaceae,  LyOirarieae,  Araliaceae  (only  on  the  petiole),  Apoc^rnaceae, 
Loganiaceae,  Gesneraceae,  Piperaceae,  Laurineae  ?,  Loranthaceae,  Euphorbiaceae. 

y.    Normal  Structure  of  the  Axis. 

,  §  40.  Medullary  Tissue.  Oris  ^  was  the  first  to  show  that  the  presence 
or  absence  of  starch  in  the  pith,  as  in  the  case  of  the  endosperm  of  the  seed, 
is  a  character  of  sj^tematic  importance.  He  distinguishes  (i)  active  medullary 
ceUs,  i.  e.  ceUs  storing  starch  and  generally  having  rather  thick  walls,  (ii)  empty 
medullary  cells,  i.  e.  dead  cells  filled  with  air  and  for  the  most  part  having 

*  Gris,  Moelle,  Nonv.  Arch,  du  Mas.  dliist.  nat,  t.  yi,  1870,  j>.  aoi  and  pL  xii>xx,  and  also  Ann. 
ic.  nat,  wit,  5,  t  zIt,  187a*  p.  34  and  pi.  4-7  ;  Kasaner,  Mark  einiger  Holzptl.,  Din.,  Bretlan,  1884, 
38  pp^  s  Tab. ;  Magosqr-Dietz,  Diapnragma  in  dem  Mark  d.  dikotyL  Holzgew,,  Math.  o.  natvrwiss. 
Ber.  ans  Ungarn,  zni,  1901,  p.  181  et  teq.  (this  paper  deals  with  nodal,  and  not  with  intemodal 
diaphragms);  [Fozworthy,  Discoid  pith  in  woodj  plants,  Proc.  Indiana  Acad.  Sc.  1903  (1904), 
pp.  191-4.] 
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relatively  thin  walls,  and  (iii)  cells  containing  crystalline  elements  or  some  kind 
of  secretion.  The  occurrence  of  an  empty  or  active  pith,  consisting  of  empty 
cells  only,  or  of  active  cells  only,  as  the  case  may  be  (secretorv  cells  or  cells  con- 
taining crystals  being  present  or  absent),  or  the  occnrrence  of  a  heterogeneoas 
pith,  formed  both  by  empty  and  active  cells,  is  characteristic  of  taxonomic 
groups  of  varying  magnitude.  The  varied  distribution  of  the  empty  and 
active  cells  in  a  heterogeneous  pith  may,  moreover,  also  be  employed  as  a 
systematic  character.  The  active  cells  either  form  a  network  between  the 
empty  cells  or  are  confined  to  the  periphery  of  the  pith,  the  central  portion 
of  which  in  the  latter  case  is  occupied  by  empty  cells.  The  fact  that  the  active 
cells  do  not  contain  starch  all  the  year  round,  so  that  they  cannot  always  be 
recognized  in  herbarium-material  with  as  much  certainty  as  is  desirable,  con- 
stitutes an  obstacle  to  the  extensive  practical  use  of  all  these  features. 

The  occurrence  of  spicular  cells  and  of  special  secretory  elements  in  the 
pith  has  already  beoi  dealt  with  in  the  previous  sections  (see  §  9  and  §  14 
et  seq.).  It  remains  to  mention  the  following  features  :  (a)  the  pith  of  certain 
species  of  Myzodendran^  which  consists  throughout  of  prosenchymatous  cells ; 
{0)  the  groups  of  sclerenchymatous  fibres,  situated  at  the  outer  margin  of 
the  pith  and  in  direct  contact  with  the  primary  xylem-groups  of  the  vascular 
bundles,  in  certain  Menispermaceae,  Malvaceae,  Corynocarpaceae,  Araliaceae, 
Polygonaceae,  Loranthaceae,  species  of  Myxadendran^  Proteaceae,  Platanaceae, 
Salicineae,  &c.,  and  the  ring  of  sclerenchymatous  fibres,  occupying  the  same 
position  in  the  young  brandies  of  species  of  Piper ;  (c)  lastly,  the  occurrence 
of  isolated  sclerench}anatous  fibres  or  of  groups  of  such  fibres  in  the  interior 
of  the  pith  in  Lophira  and  in  certain  Meliaceae,  Geraniaceae,  Rutaceae,  L3rthra- 
rieae,  Araliaceae  (Aralidium),  Plumbagineae,  Asclepiadeae,  Euphorbiaceae,  and 
Salicineae. 

The  occurrence  of  ^oups  of  stone-cells  in  the  pith  is  generally  only  of 
importance  for  specific  diagnosis.  Horizontal  diaphragms,  composed  of  stone- 
cells  and  forming  transverse  septa  in  the  pith,  possess  greater  systematic  value ; 
they  have  been  observed  in  many  Magnoliaceae,  Anonaceae  (Fig.  5,  p.  35), 
and  Temstroemiaceae,  as  weU  as  in  Brachynema  and  certain  Convolvulaceae. 

Other  features  of  systematic  value  are  the  complete  or  partial  disappear- 
ance of  the  pith — the  fistular  character  of  the  stem  in  older  intemodes  (UmbeUi- 
ferae !),  and  especially  the  septation  of  the  pith  without  sclerosis  (Fig.  185, 
p.  784),  which  goes  hand  in  hand  with  a  partial  disappearance  of  the  pith.  The 
last  feature  has  been  observed  in  the  following  genera,  of  which  it  is  generally 
(but  not  always,  e.g.  Jasminum)  characteristic:  Wormia  (Dilleniaceae), 
Diplotaxis  (Cruciferae),  Fouquiera  (Tamariscineae),  Ptinsepia  (Chrysobalaneae), 
Aucuba  (Comaceae,  only  in  herbarium-matenal !),  Senecio  (Compositae), 
Halesia  (Styraceae),  Jasminum  (Oleaceae),  Paulownia  (Scrophularineae), 
Pedalium  (Pedalineae),  Phytolacca  decandra  (Phytolaccaceae)  \  Daphnipkyllum 
(Daphniphyllaceae),  Juglans  and  Pterocarya  (Juglandeae). 

§  41.  Appearance  of  the  Transverse  Section  of  the  Stem  in  Her- 
baceous Plants.  The  great  diversity,  shown  by  the  appearance  of  the  trans- 
verse section  of  the  stem  in  herbaceous  plants,  is  mainly  due  to  the  varied 
extent  of  development  or  to  the  complete  or  partial  absence  of  mechanical 
tissue  accompan3dng  the  vascular  bundles  on  their  inner  and  outer  side,  and 
to  the  diverse  structure  of  the  secondary  wood,  formed  within  the  va^ular 
bundles,  and  of  the  interfascicular  tissue  (presence  or  absence  of  wood-filwres, 
vessels  and  medullary  rays)  *.    With  the  help  of  these  features  we  are  able  to 


^  According  to  Mirbel  and  Holm,  see  Holm,  in  Merck's  Report,  xvi,  1907. 
'  See  Schwendener,  Mech.  Prinzip,  Leipzig,  1874,  p.  14a  et  seq.  and  Tab.  xiv. 
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distinguish  a  number  of  different  types  of  transverse  section,  but  it  would 
be  out  of  place  to  enter  into  a  detailed  description  of  them  at  this  point,  since 
it  has  been  shown  (see  Ranunculaceae,  Crudferae,  &c.)  that  they  are  only  of 
very  limited  systematic  value  (in  most  cases  they  can  be  employed  only  for 
specific  diagnosis) ;  and,  apart  from  that,  the  occurrence  of  intermediate 
forms  often  renders  distinction  between  the  principal  types  a  difficult  matter. 
In  certain  Rantmculaceae  (Fig.  i,  p.  16),  Berl>erideae  \  and  Fumariaceae, 
and  according  to  Schwendener  also  in  certain  Plumbagineae  and  Compositae, 
the  line  of  demarcation  between  the  phloem  and  xylem  of  the  vascular  bundles, 
as  seen  in  a  transverse  section  of  the  stem,  has  the  shape  of  an  arc,  the  concave 
side  of  which  (and  not  the  convex  side,  as  is  generally  the  case)  is  directed 
outwards  •. 

§  42.  Systematic  Importance  of  the  Structure  of  the  Wood  in  the 
woody  Dicotyledons  '.  The  structure  of  the  wood  affords  a  whole  series  of 
anatomical  characters,  which  are  generally  distinctive  of  genera  or  even  of 
tribes  or  Orders.  The  most  important  of  these  characters  are  as  follows : 
the  kinds  of  perforations  found  in  the  vessels ;  the  structure  of  the  walls  of 
the  vessels  in  contact  with  parenchyma  of  the  medullary  ravs  or  with  wood- 
parenchyma  ;  the  nature  of  the  pits  (simple  or  distinctly  bordered)  on  the 
walls  of  the  wood-prosenchyma  (wood-fibres),  which  forms  the  ground-mass 


^  In  Cauhphyllum  thalictroidesy  Michz.,  according  to  a  recent  obseiration  of  my  own. 
*  For  the  stmctnre  of  sabtecranean  stems,  see  Cottantin,  Tiges  aer.  et  sout.  des  DicotyL,  Ann. 
sc.  nat.,  8^.  6,  t.  xvi,  1883,  p.  5  et  seq.,  and  Noelle,  Vergl.  anat.  Untersuch.  der  Aoslaofer,  IMss., 


Fxeibnrg  i.  Br.,  189a,  7a  pp. 
j^Mt.,  :  ^ 

"eigl.  Am 
xxxtI,  1870,  Pp     ,,    . 
Holzstmktnr,  Miinchen,  1885, 364  pp.  >  Vesqne/in  Bull.  Soc.  bot  de  France,  1889,' p.  Izr ;  Honlbert, 


^  Sanio,  in  Bot  2ieit.,  1863,  pp.  85  and  357  et  seq. ;  Rossmann,  Ban  des  Holzes,  Frankfurt  a.  M., 

^5, 100  pp. ;  De  Bary,  Veigf.  Anat,  1877,  P*  493  ^  b^^o  Moller,  Beitr.  z.  vergl.  Anat.  des  Holses, 

Doikschr.  Wiener  AkacL,  xxxtI,  1876,  pp.  297-426  and  Tab.  i-vi;  Solereder,  Systemat  Wert  der 


Bois  sec.  dans  les  Ap^tales,  Ann.  sc.  nat|  s^r.  7,  t  xvii,  1893,  also  Th^  Paris,  1803 ;  Petersent 
Diagnostisk  Vedanatomi,  Kj^benbavn,  1901,  93  pp. ;  Stone,  AJoatomical  characters  in  the  identificat. 
of  wood.  Nature,  Ixv,  1901-a,  pp.  379,  380;  Wiesner,  Rohstoffe,  a.  Anfl.,  Bd.  ii,  1903,  p^  i  et  seq. ; 
Moll  and  Janssonins,  Mikro^phie  des  Holzes  der  anf  Java  vorkommenden  Banmarten,  Heft  i, 
Leiden,  1906,  368  pp.  (Dilleniaceae  to  Dipterocarpeae,  in  the  seqnence  of  Durand's  Index),  especially 
Allgem.  Teil,  pp.  40-62  ;  Perrot  et  G^rvd,  Anat.  dn  tissn  lignenx  dans  ses  rapports  avec  la  diagnose 
des  bois,  BnlL  Soc.  bot  de  France,  M^m.  6, 1907,  43  pp.,  6  pL 

As  regards  the  nomcnclatnre  of  the  elements  of  the  wocxi,  I  may  point  oat  that  practical  con* 
siderations  lead  me  in  the  first  place  to  distinguish  only  three  types  of  elements  (apart  firom  tlie 
parenchyma  of  the  medullary  rap),  the  distinctions  being  based  on  purely  morphological  characters, 
since  this  seems  most  suitable  for  the  purposes  of  systematic-anatomical  investigatioas ;  the  three 
kinds  of  elements  are :  («)  the  wood-vesaels  (cell-fusions,  serving  for  the  conduction  of  water) ;  {p)  the 
wood-parenchyma  (elements,  which  conduct  and  store  up  carbohydrates) ;  and  (0  the  Wood- 
prosend^yma  or  the  wood-fibres  (elements,  which  always  have  a  more  or  less  pronounced  mechanical 
function,  but  at  the  same  time  occasionally  idso  participate  in  the  functions  of  the  vessels  or  of 
the  wood-parenchyma).  In  this  terminology  the  following  elementary  organs  of  Sanio's  nomenclatorb 
aie  comprised  under  the  term  *  wood-prosenchyma  * :  (n)  the  simple^  or  bordered-pitted  librifonn 
and  the  septate  libriform,  which  accoroiuf  to  Sanio  constitute  a  system  in  the  wckxI,  compaiable 
to  the  iMSt-fibres;  if)  the  intermediate  fibres,  which  are  shorter  than  the  libriform  fibres,  store 
up  starch,  and  function  as  a  substitute  for  the  wood-parenchyma ;  for  this  reason  they  are  included  in 
Sanio's  parenchymatous  system  along  with  the  wood-parenchvma ;  lastly  {c)  the  trachddei 
(indudea  in  Sanio's  tracheal  system  together  with  the  vessels),  which,  when  they  form  the  gtouikl- 
mass  of  the  wood,  can  only  be  distinguished  with  difficulty  from  libriform  bearing  bordered  pitS| 
while  in  other  cases  sudi  a  distinction  is  scarcely  possible.  The  use  of  the  term  'tracheidet*  may 
be  restricted  to  such  xylem-elements  as  bear  bordered  pits  and  are  of  the  nature  of  fibres ;  they  occur 
side  by 'side  with  simple-pitted  wood-prosenchyma  (hbriform)  and  show  distinct  transitions  to  the 
vessels  in  the  detailea  structure  of  thdr  walls  and  in  the  occasional  presence  of  perforations  at 
the  ends  of  the  cells.  The  exact  nature  of  the  wood-prosendiyma  withhi  the  prescribed  limits  must 
natoially  be  taken  into  consideiatioa  in  a  detailed  description.  See  alio  Caspazy,  In  Pringsheim 
Jahib.,  iv,  1864,  p*  lai,  and  Schriften  d.  phystkal.-okonom.  GeseUsch.  Konigsberg,  xxviii,  1887^ 
p.  27  et  seq. ;  Moller,  loc.  dt,  p.  301 ;  and  Petersen,  Trakeide,  Oversigt  Danske  Vidensk.  Selsk. 
Forh.,  1 901,  n.  I,  pp.  95-108  (with' a  French  itfsum^). 
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of  the  wood ;  the  abundant  or  scanty  development  of  wood-parenchyma ; 
the  breadth  and  structure  of  the  medullary  rays.  Those  structural  features, 
which  vary  with  the  amount  of  moisture  in  the  soil  and  air,  and  the  degree 
of  transpiration  on  the  part  of  the  plant  (e.g.  chiefly  the  relative  abundance 
of  the  vessels  and  the  width  of  their  lumina),  are  for  the  most  part  of  minor 
systematic  value  (cf.  the  Introduction).  This  statement  applies  also  to  the 
presence  or  absence  of  those  xylem-elements,  which  we  have  distinguished  as 
tracheides,  intermediate  fibres  and  septate  fibrous  cells  (cf.  foot-note  3  on 
p.  ii35)»  and  which  are  developed  side  by  side  with  the  wood-prosenchyma  (the 
latter  forming  the  ground-mass  of  the  wood) ;  the  relatively  small  systematic 
value  of  these  elements  corresponds  with  their  function  as  forms  phvsiologicaUy 
intermediate  between  the  wood-prosenchyma  and  the  vessels,  or  between  the 
wood-prosenchyma  and  the  wood-parenchyma,  as  the  case  may  be. 

In  practice,  the  determination  of  a  piece  of  wood  is  based,  primarily,  on  the 
coarser  features,  and  especially  on  those  which  are  recognisable  in  a  transverse  section 
with  the  hdp  of  a  lens  (e.g.  the  breadth  of  the  medullary  rays ;  the  size  of  the  lumina, 
the  mode  of  arrangement  and  the  relative  abundance  of  the  vessels  ;  and  the  forma- 
tion of  annual  rings,  which  depends  on  the  features  last  named,  and  is  found  also  in 
the  wood  of  tropical  plants),  as  well  as  on  certain  physicaljraoperties  (such  as  hardness, 
colour,  and  occurrence  of  heart-  and  splint-wood)  \  These  features  can  only  be 
employed  to  a  very  limited  extent  for  systematic-anatomical  purposes,  since  some  of 
them  can  be  detected  only  in  pieces  of  wood,  which  have  attained  a  certain  degree 
of  thickness ;  at  the  present  time,  moreover,  a  systematic  investigation  of  the  wood 
of  foreiEnplants  can  only  be  undertaken  on  branches  of  herbarium-material,  owing 
to  the  oimculty  in  obtaining  correctly  determined  material  of  exotic  stems.  For 
the  same  reason  we  will  only  briefly  refer  to  the  numerical  methods,  employed 
by  various  authors  for  the  purpose  of  specific  diagnosis  ;  these  methods  consist  in 
the  determination  of  the  numoer  of  vessels  found  in  a  certain  surface-area  (one 
square  millimetre)  of  the  transverse  section,  or  of  the  number  of  medullary  rays 
(which  are  approximately  parallel  to  one  another  in  older  stems)  situated  along  a 
line,  which  is  a  definite  number  of  millimetres  in  length,  and  is  perpendicular  to  the 
direction  of  the  rays  ;  in  certain  species  these  numbers  are  constants. 

§  43.  Wood- VESSELS.  The  absence  of  xylem-vessels  in  woody  Dicotyle- 
dons is  a  very  rare  phenomenon,  which  has  been  recorded  only  in  the  genera 
Drimys  and  Zygogynum  (Magnoliaceae)  and  the  genera  Tetracentran  and 
Tfochodendron  (Trochodendraceae) ;  it  is  possible  that  the  absence  of  vessels 
in  these  genera  may  be  explained  on  phylog^enetic  grounds,  the  structure  of 
their  wood  being  altogether  like  that  of  the  u>niferae.  The  absence  of  vessels 
is  of  more  frequent  occurrence  in  certain  succulents,  water-plants,  and  parasites, 
in  which  it  is  to  be  regarded  as  an  indication  of  reduction.  This  is  the  case 
in  the  following  forms:  the  Nymphaeaceae ;  AUravania  (Droseraceae) ;  the 
Cacteae,  in  which  the  secondary  wood  is  provided  with  peculiar  annular  and 
spiral  tracheides ;  certain  of  the  Monotropeae ;  the  Cuscuteae ;  the  Podostema- 
ceae  and  Ceratophylleae  ' ;  and  lastly,  the  thorns  of  Balanites  (Simarubaceae), 
when  they  are  destitute  of  leaves. 

The  anatomical  features,  which  require  to  be  taken  into  special  con- 
sideration in  examining  the  vessels  of  the  secondary  wood  (briefly  styled 
'  vessels '  in  the  diagnoses  of  the  Orders)  with  a  view  to  their  emj^oyment 
for  systematic  purposes,  are  as.  follows.  In  the  first  place  it  is  necessary  to 
notice  the  mode  of  arrangement  and  the  width  of  the  vesaels.  The  latter 
are  either  isolated  or  lie  in  radial  or  tangential  groups  comprising  two  or  more 


*  See  R.  Hartig,  UntencheidiingBmerkmale  der  wichtigeren,  in  Deatschlaad  waduenden  Uoker. 
M&icheD  (itt  edit,  1878,  &c);  Nordlinger,  Qnenchnitte  i-ri,  1851-4^  (lodndiDg  also  tnuBEnnene 
secdoDt  of  the  wood  of  exotic  plants);  and  other  anthora. 

'  See  Caspary,  in  Monatsber.  Berliner  Akad.,  i86a,  p.  448  et  seq. 
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vessels.  The  width  of  the  lumina  of  the  vessels  varies  greatly,  being  very 
considerable,  especially  in  lianes,  but  small  in  spjecies  having  an  ericoid  habit, 
and  altogether  in  plants  inhabiting  dry  localities.  For  taxonomic  purposed 
it  is  important  to  know  the  '  medium  diameter '  and  the  '  maximum  diameter.' 
The  abtmdance  of  the  vessels  is  likewise  a  very  variable  feature.  The  diverse 
appearance  of  the  annual  rings  \  especially  in  the  woody  plants  of  our  zones, 
is  related  to  the  structural  differences  just  mentioned.  AU  these  feattu-es  are 
epharmonic,  and  therefore  in  most  cases  merely  constitute  specific  characters, 
and  it  is  only  when  all  the  species  of  a  certain  group  live  under  identical  con- 
ditions that  they  are  characteristic  of  more  extensive  taxonomic  groups, — ^in  some 
cases  even  of  Orders.  The  systematic  employment  of  these  feattues  is  rendered 
difficult  by  the  fact  that  they  are  occasionally  developed  in  a  characteristic 
manner  only  in  the  later  growth  of  the  wood,  so  that  it  is  impossible  to  obtain 
an  adequate  knowledge  of  them  from  an  investigation  of  the  branches  of 
herbarium-material.  For  the  purpose  of  distinguishing  between  the  wood 
from  the  trunk  of  different  trees  they  have  been  in  practical  use  for  a  long 
time  (cf.  {  42). 

Other  characters,  to  be  noticed  in  the  course  of  an  examination  of  the 
transverse  section  of  a  branch,  are  the  round  or  angular  outline  of  the  vessels 
and  the  thickness  of  their  walls*  The  plugging  of  the  vessels  of  the  heart- 
wood  with  resinous  or  gummy  substances  is  a  widely  distributed  phenomenon, 
but  is  occasionally  found  also  m  the  wood  of  perfectly  young  branches,  especially 
in  such  plants  as  have  secretory  organs  in  the  ground  tissue ;  regarding  plugs 
of  silica  or  carbonate  of  lime,  see  §§  26  and  27  (p.  iiii).  Details  are  at 
present  wanting  as  to  the  systematic  value  of  tyloses  \  but  the  latter  appear 
to  occur  only  in  certain  species. 

A  further  character  to  be  kept  in  view  is  the  type  of  perforation  (*  Gefass- 
diirchbrechimg  *)\  found  on  the  division-i^adls  between  the  segments  of  the 
vessels ;  these  perforations  are  either  simple  or  scalariform.  Simple  ])erfora- 
tions  are  found  both  on  horizontal  and  on  more  or  less  strongly  indined  division- 
walls,  their  outline  being  circular  on  the  horizontal  walls,  and  varying  from 
circular  to  elliptical  (occasionally  even .  elongated-elliptical)  on  the  incUned 
walls.  Scalariform  perforations  are  in  most  cases  met  with  only  on  strongly 
inclined  division-walls ;  the  bars,  which  vary  in  number  (few  or  very  many 
bars)  and  thickness,  are  generally  placed  transversely  to  the  longitudinal  axis 
of  the  vessel,  while  the  outline  of  the  perforation  is  for  the  most  part  elliptical 
(the  ellipse  occasionally  being  drawn  out  to  a  very  considerable  extent).  Special 
forms  of  scalariform  perforations  (which,  we  may  notice  at  once,  are  not  of  any 
great  systematic  interest  and  generally  occur  in  the  same  piece  of  wood  side 
by  side  with  one  of  the  two  chief  types  of  perforations)  are  as  follows  :  (a)  per- 
forations, in  which  the  two  halves  of  the  bars  (i.e.  those  parts  of  the  bars,  which 
belong  to  the  adjoining  end-walls  of  two  contiguous  segments  of  the  vessel) 
are  sMfted  parallel  to  one  another  or  intersect  one  another  (in  certain  Com- 
positae) ;  (h)  perforations,  in  which  the  bars  are  arranged  obliquely  or  parallel 
to  the  longitudinal  axis  of  the  perforation ;  (c)  malformed  scalariform  perfora- 
tions, in  which  only  a  small  numb^  of  bars  or  only  imperfectly  differentiated 
bars  are  present ;  (d)  perforations,  in  which  the  bars  form  an  elegant  network 
as  the  result  of  anastomosis  (in  certain  Compositae,  Rosaceae,  Nyctagineae) ; 
(e)  the  peculiar  perforations  of  certain  species  of  Epacris  (Fig.  112,  p.  493) ; 

^  Uitpmng,  Anat.  n.  Jahresringbild.  trop.  Holzaiten,  Diss.,  Basel,  1900,  8  a  pp. ;  Moll  and 
Janssoniiis,  Mikrogiaphie  d.  Hblzes,  Heft  i,  Leiden,  1906. 

«  Cf.  De  Bary,  YeigL  Ana*.,  1877,  p.  179. 

*  See  Tangl,  Perforationen  an  Pflanzengef.,  Sitz.-6er.  Wiener  Akad.,  Iziii,  Abt.  r,  1871,  la  pp. 
and  Tab.,  and  Ixvii,  Abt.  i,  1873, 14  pp.  and  Tab. ;  Solereder,  Obcr  den  sysC.  n.  phylogenet  Wert 
der  GefaMdoichbrecb.,  Bot.  Centralbl.,  )888,  i,  pp.  315-19. 
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if)  perforations,  in  which  the  division-walls  of  the  vessek  are  traversed  by 
rather  a  large  number  of  circular  or  elliptical  hdles  of  varying  size  ('  foaraminate 
perforations ')  (in  Myroihamnus  and  certain  Dilleniaceae,  Ericaceae  and  Vac- 
ciniaceae.  Fig.  109,  p.  479) ;  (g)  lastly,  the  combinations  of  simpk  and  scalari- 
form  perforations,  which  have  been  observed  in  certain  Begonias  (Fig.  89, 
p.  405)  and  QuiUaja  (Rosaceae).  As  a  rule  the  mode  of  origin  of  the  perforati^ 
areas  on  the  division-walls  (either  from  simple  pits  or  from  bordered  pits  of 
laxige  sice)  is  of  no  great  systematic  value,  since  their  development  often  varies 
in  one  and  the  same  longitudinal  section  \ 

In  a  given  species  the  perforations  of  the  vessels  are  either  exclusively 
simple  or  exclusively  scalanform,  or  both  simple  and  scalariform.  In  the 
latter  case  the  two  kinds  of  perflations  either  occur  side  by  side  with  one 
another  in  the  vessels  of  the  secondary  wood  (occasionally  we  even  find  a 
simple  perforation  at  one  end,  and  a  scalariform  perforation  at  the  other  end 
of  the  same  se^ent),  or  the  scalariform  perforations  are  confined  to  the  primary 
wood  and  its  unmediate  neighbourhood.  When  simple  perforations  are  found 
in  the  same  plant  side  by  side  with  those  of  the  scalariform  type,  the  outline 
of  the  former  is  more  commonly  elliptical  than  circular,  ana  in  some  cases 
even  elongated-elliptical. 

The  presence  or  absence  of  scalariform  perforations  has  mostly  proved 
to  be  of  value  for  the  diagnosis  of  extensive  taxonomic  groups  (Orders,  tribes, 
genera).  (Certain  groups  have  only  simple  or  only  scalariform  perorations  in 
the  vessels,  while  others  show  a  tendency  to  form  scalariform  perforations ; 
this  tendency  betrays  itself  in  the  fact  that  different  genera  or  different  species 
of  the  same  genus  may  in  one  case  have  exclusively  scalariform  perforations, 
and  in  another  case  both  simple  and  scalariform  perforations,  although  the 
perforations  are  never  exclusively  simple  (scalariform  perforations  occurring 
at  least  in  or  near  the  primary  wood,  even  if  they  are  wanting  in  the  secondary 
wood).  Simple  perforations  are  more  widely  distributed  than  those  of  the 
scalariform  t3rpe.  The  constant  occurrence  of  scalariform  perforations  in  all 
the  members  of  an  Order  is  a  rare  phenomenon,  found  only  in  a  very  limited 
number  of  Orders,  which  are  all  of  small  size. 

It  remains  to  mention  the  striking  fact  that  the  occurrence  of  scalariform 
perforations  in  the  vessels  often  goes  hand  in  hand  with  small  lumina  in  the 
vessels  and  the  presence  of  bordered  pits  on  the  wood-prosenchyma. 

Ezduaively  simple  perforations  are  found  in  the  same  species  in :  Ranuncu- 
laceae  pro  parte,  Calycanthaceae,  Lactoridaceae,  Anonaceae,  Menispermaceae, 
Berberideae  pro  parte,  Fapaveraceae,  Cnidferae,  Capparideae,  Resedaceae,  Cistineae, 
Violaiieae  pro  parte,  Bixineae  pro  parte,  Pittosporeae,  Tremandreae  pro  parte, 
Polygaleae, Vocfijrsiaceae,  Frankeniaceae,  Caryophylleae,Portulaceae,Tamariscineae 
pro  parte,  Elatineae,  Hypericineae,  Guttiferae,  Temstroemiaceae  pro  parte,  Dipteio- 
carpeae,  Ancistrocladus,  Chlaenaceae,  Malvaceae,  Triplochitonaceae,  Stercnhaceae 
pro  parte,  Tiliaceae  pro  parte,  Lineae  pro  parte,  Malpighiaceae,  Zygophylleae, 
Geraniaceae,  Rutaceae  pro  parte,  Simanibaceae  pro  parte,  Koeberlitua^  BaianiUs, 
Burseraceae,  Meiiaceae,  Chailletiaceae  pro  parte,  Olacmeae  pro  parte,  Celastrineae 
pro  parte,  Hippocrateaceae  pro  parte,  Corynocarpaceae,  Stackhousieae,  Rhamneae 
pro  parte,  Ampelidaceae  pro  parte,  Sapindaceae  (almost  always),  Didiereae,  Hippo- 
castanaceae  pro  parte,  Aceraceae,  Melianthaceae,  Anacardiaceae  pro  parte,  Coiianeae, 
Moringeae,  Connaraceae,  Papilionaceae,  Caesalpinieae,  Mimoseae,  ChryBobalaneae, 
Crassmaceae,  Droseraceae  pro  parte,  Halorageae,  Combretaceae,  Myrtaceae  sens, 
str.  pro  parte,  Lecythidaceae,  Melastomaceae,  Lythrarieae,  Onagrarieae  pro  parte, 
Samydaceae  pro  parte,  Loaseae,  Passifloraceae  pro  parte,  Papayaceae,  (^ucurlnta- 
ceae,  Datisceae,  Cacteae,  Ficoideae,  UmbeUiferae  pro  parte,  AraUaceae  pro  parte, 
Catlemannia  (Caprifoliaceae),  Rubiaceae  pro  parte,  Calycereae,  Compositae  pro 
parte,  Candolleaceae,  Goodeniaceae,  Lobeliaceae,  Ericaceae  pro  parte  ?,  JBpacrideae 


*  See  Solereder,  Holzstndctnr,  18S5,  P>  ^5- 
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pro  parte.  ?,  Lennoaceae,  Plumbagineae,  Primulaceae,  Myrsiiieae  proparte,  Sapota- 
•ceae  pro  parte,  Ebenaceae,  Stvraceae  pro  parte,  Oleaceae  igiro  parte,  Salvadoraceae, 
Apocynaceae,  Asclepiadeae,  Loganiaceae  pro  parte,  Gentianeae  pro  parte,  Pole- 
moniaceae  pro  parte,  Hydrophyllaceae,  IBoragineae,  Convolvulaceae,  Solanaceae, 
Retzia^  Scrophiuarineae,  Orobanchaceae,  Gesneraceae,  Bignoniaceae,  Pedalineaep 
Acanthaceae,  Myoporineae,  Sela^neae,  Verbenaceae  pro  ps^,  Labiatae  pro  parte, 
Plantagineae,  Nyctagineae  (division-walls  very  rarely  perforated  in  a  reticulate 
manner),  niecebraceae,  Amarantaceae,  Chenopodiaceae  pro  parte  (almost  always), 
Basellaceae,  Phytolaccaceae,  Batideae,  Polygonaceae,  Nepenthaceae,  Cytinaceae, 
Aristolochiaceae,  Hperaceae  pro  parte,  Laurineae  pro  parte,  Hemandiaceae  pro 
parte,  t'roteaceae,  Tnymelaeaceae,  Gony  stylus^  Penaeaceae,  Elaeagnaceae,  Lorantna- 
ceae,  Santalaceae,  myzodendron,  Champereia,  Balanophoreae  ?,  Euphorbiaceae  pro 
parte,  Buxaceae  pro  parte,  Ulmaceae  pro  parte,  Cannabineae,  Moraceae,  Urticeae, 
Leitnerieae,  Juglandeae  pro  parte,  Saudneae. 

Ezcluidvely  scalarifonn  perforations  are  found  in  the  same  species  in :  Ranun- 
•culaceae  pro  parte,  Dilleniaceae  pro  parte,  Magnoliaceae  pro  parte,  Trochoden- 
draceae  pro  parte,  Violarieae  pro  parte,  Canellaceae,  Bixineae  pro  parte,  Temstroe- 
miaceaepro  parte,  Rhaptopetalaceae,  Humiriaceae,  Olacineae  pro  parte,  Scytopetalum, 
Hidneae,  CyriUeae,  Celastrineae  pro  parte,  Staphyleaceae  pro  parte,  Saxifragaceae 
pro  parte,  P^n/Aorum,  Droseraceae  pro  parte,  Hamamelideae,  Myrothamnus^  Ostrearia, 
Bmniaceae,  Rhizophoraceae  pro  parte  (Rhizophoreae),  Myrtaceae  pro  parte,  Samy- 
daceae  pro  parte,  Fassifloraceae  pro  parte,  Comaceae  pro  parte,  Capnfoliaceae  pro 
parte,  Inpsaceae  pro  parte  ?,  Vacaniaceae  pro  parte,  Ericaceae  propsute,  Epacrideae 
pro  parte,  Myrsineae  pro  parte,  Brachynema^  Slyraceae  pro  parte,  Desfontainea^ 
Columelliaceae,  Piperaceae  pro  parte,  Chlorantnaceae,  Mommiaceae  pro  parte, 
Laurineae  pro  parte,  Gomortegaceae,  Geissoloma,  Grubhia^  Euphorbiaceae  pro 
parte,  Daphniphyllaceae,  Buxaceae  pro  parte,  Balanopseae,  Myricaceae  pro  parte, 
Cupuliferae  pro  parte,  Lacistemaceae,  Empetraceae  pro  parte. 

Simple  and  scalarifonn  perforations  are  found  side  by  side  in  the  same  species 
in :  Dilleniaceae  pro  parte,  Magnoliaceae  pro  parte,  Trochodendraceae  pro  parte,  Ber- 
berideae  pro  parte,  Violarieae  pro  parte,  Bixineae  pro  parte,  Tremandreae  pro  parte, 
Tamarisaneae  pro  parte,  Temstroemiaceae  pro  parte,  Sterculiaceae  pro  parte, 
Tiliaceae  pro  parte,  Lineae  pro  parte,  Rutaceae  pro  parte,  Ochnaceae,  Simarubaceae 
pro  parte,  Chailletiaceae  pro  parte,  Olacineae  pro  parte,  Celastrineae  pro  parte, 
Hippocrateaceae  pro  parte,  Rhamneae  pro  parte,  Ampelidaceae  pro  parte,  Sapin- 
daceae  pro  parte,  rlippocastanaceae  pro  parte,  Staphvleaceae  pro  parte,  Sabiaceae» 
Anacardiaceae  pro  parte,  Rosaceae  (excL  Chrysobalaneae),  Crossosomataceae, 
Saxifragaceae  pro  parte,  Rhizophoraceae  pro  parte  (Legnotideae),  Onagrarieae 
pro  parte,  Samydaceae  pro  parte,  Tumeraceae,  Passifloraceae  pro  parte,  Bsgoniar 
ceae,  Umbelliferae  pro  parte,  Araliaceae  pro  parte,  Comaceae  pro  parte,  Capri- 
f oliaceae  pro  parte,  Rubiaceae  pro  parte,  Valerianeae,  Dipsaceae  pro  parte,  Compo- 
sitae  pro  parte,  Campanulaceae,  vacciniaceae  pro  ps^te,  Ericaceae  pro  parte, 
Epacndeae  pro  parte,  Diapensiaceae,  Mjrrsineae  pro  parte,  Sapotaceae  pro  parte, 
Oleaceae  pro  parte,  Logamaceae  pro  parte,  Gentianeae  pro  parte,  Polemomaceae 
pro  parte,  Verbenaceae  pro  parte,  Labiatae  pro  parte,  Cnenopodiaceae  pro  parte, 
Piperaceae  pro  parte,  Myristicaceae,  Monimiaceae  pro  parte,  Laurineae  pro  parte, 
Hemandiaceae  pro  parte,  Euphorbiau:eae  pro  parte,  Ulmaceae  pro  parte,  Platana- 
ceae,  Juglandeae  pro  parte,  Myricaceae  pro  parte,  Casuarineae,  Cupuliferae  pro 
parte,  Empetraceae  pro  parte. 

As  regards  the  stmcture  of  the  walls  of  the  vessels  the  following  features 
are  chiefly  to  be  taken  into  consideration  :  the  occurrence  of  spiral  thickening 
on  the  walls  of  the  pitted  vessels  of  the  secondary  wood ;  the  size  and  nature 
(outline  of  the  border  and  of  the  aperture  of  the  pit)  of  the  bordered  pits  (occa- 
sionally scalariform  bordered  pits),  found  on  the  walls  of  contact  between 
two  vessels ;  the  occurrence  of  a  '  sieve-like '  structure  (first  demonstrated 
by  Bengt  Jdnsson  i)  on  the  pit-membranes  of  the  bordered  pits  of  the  vessels  ; 
lastly,  the  varying  structure  of  the  walls  of  the  vessels  in  contact  with  paren- 
chyma of  the  medullary  rays  or  with  wood-parenchjnna.    These  waUs  are 


. '  Ber.  d«utsch.  bot.  Gesellsch.,  1 892,  p.  494,  and  Tab.  xxvii ;  see  also  Heiden,  in  Bot  Centralb1.| 
1893,  iv,  p.  3. 
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occupied  (a)  either  by  one-sided  bordered  pits»  one  or  more  of  which  correspond 
to  large  one-sided  simple  pits  on  the  adjoining  parenchyma-wall,  or  (h)  by 
one-sided  simple  pits  of  varying  size,  which  correspond  to  pits  of  equal  dimen- 
sions on  the  wall  of  the  adjoining  parenchyma-cell ;  in  the  latter  case  transi- 
tional forms  to  distinct  one-sided  bordered  pits  frequently  occur  side  by  side 
with  the  simple  ones.  The  systematic  value  of  these  features  varies  and 
requires  to  be  tested  in  each  individual  case ;  the  most  valuable  characters 
are  afforded  by  the  structure  of  the  walls  of  the  vessels  in  contact  with  ]>aren- 
chyma,  which  is  occasionally  constant  throughout  all  the  members  of  an  Order 
(Burseraceae,  HamameUdeae). 

Spiral  thickeningof  the  walls  of  the  vessels  is  generally  only  aspedfic  character, 
and  has  been  observed  in  the  following  Orders :  Ranunculaceae,  Calycantbaceae, 
Magnoliaceae,  Trochodendraceae,  Berberideae,  Papaveraceae,  Crucilerae»  Cappaii- 
deae,  Bixineae,  Pittosporeae  (universally  ?),  Tremandreae,  Polygaleae,  Portulaceae, 
Temstroemiaceae,  Malvaceae,  Stercuhaceae,  Tiliaceae,  Lineae,  BialpLghiaoeae, 
Geraniaceae,  Rutaceae,  Meliaceae,  Olacineae,  Ilicineae,  Celastiineae,  Khamneae, 
Sapindaceae,  Hippocastanaceae,  Aceraceae,  Melianthaceae,  Staphyleaceae,  Ana- 
cardiaceae,  Papiuonaceae,  Caesalpinieae,  Rosaceae,  Droseraceae,  HamameHdeae 
(only  on  the  ends  of  the  segments  of  the  vessels),  Samydaceae,  Ficoideae,  Aralia- 
ceae,  Comaceae,  CaprifoLiaceae,  Rubiaceae,  Compositae,  Vacciniaceae,  Ericaceae, 
Epacrideae,  Myrsineae,  Oleaceae,  Apocynaceae,  Loganiaoeae,  Boragineae,  Solana- 
ceae,  Scrophularineae,  Bignoniaceae,  Myoporineae,  Selagineae,  Verbenaceae, 
Labiatae,  Illecebraceae,  Chenopodiaceae,  Phytolaccaceae,  Pmygonaceae,  Aiistolo- 
chiaceae,  Monimiaceae,  Launneae,  Proteaceae,  Thymelaeaiceae,  Loranthaoeae, 
Santalaceae,  Buxaceae,  Ulmaceae,  Moraceae,  Juglandeae,  Casuarineae,  Cupuliferae. 
Species,  in  which  the  vralls  of  the  vessels  show  spiral  thickening,  generally  have 
spirally  thickened  tracheides  as  weU.  For  the  occurrence  of  special  spirally 
thickened  vessels  or  ceUs  in  the  wood,  see  §  47  (p.  1145). 

Scalariform  bordered  pits  have  been  observed  on  the  vessels  of  the  secondary 
wood  in  certain  Magnoliaceae,  Violarieae,  lUcineae,  Ampelidaceae,  Bruniaoeae, 
Rhizophoraceae,  Begoniaceae,  Apocynaceae,  Pii)eraceae,  Monimiaceae,  Euphor- 
biaceae,  Cupuliferae  and  in  Myzodendron.  The  simple  pitting  of  the  walls  of  the 
vessels  in  -ue  Papayaceae  and  Crassulaceae  is  due  to  their  being  embedded  in 
unlignified  tissue  (see  §  47,  p.  1 144). 

Sieve-like  stmcture  of  the  pit-membranes  in  the  bordered  pits  of  the  vessels 
has  been  recorded  in  the  following  Orders  :  Vochysiaceae,  Guttiferae,  Rhamneae, 
Hippocastanaceae,  Papilionaceae,  Caesalpinieae,  Mimoseae,  Amygdaleae,  Combreta- 
ceae,  Myrtaceae,  Melastomaceae,  Onagrarieae,  Araliaceae,  Compositae,  Asclepiadeae, 
Oleaceae,  Scrophularineae,  Cupulilerae. 

The  occurrence  of  simple  and  occasionally  large  pits  on  the  walls  of  the 
vessels  in  contact  with  parenchyma  (sometimes  side  by  side  with  bordered  pits) 
has  been  recorded  in  the  following  Orders  and  genera  respectively :  Calycanthaoeae, 
Magnoliaceae,  Trochodendraceae  pro  parte,  Violarieae,  Bixineae  pro  parte,  Tre- 
mandreae, Vochysiaceae  pro  parte,  Tamariscineae  pro  parte,  Hypencineae  pro 
parte,  Guttiferae  pro  parte,  Temstroemiaceae  pro  parte,  LHpterocarpeae,  Chlaena- 
ceae,  Malvaceae  pro  parte,  Sterculiaceae  pro  parte,  Tiliaceae  pro  parte,  Lineae 
pro  parte,  Huminaceae  pro  parte,  Malpighiaceae  pro  parte,  Geraniaceae,  Rutaoeae 
pro  parte,  Simanibaceae  pro  parte,  Burseraceae,  Olacineae  pro  parte,  Rhamneae 
pro  parte,  Ampelidaceae,  Hippocastanaceae,  Staphyleaceae  pro  parte,  Sabiaoeae, 
Anacardiaceae,  Moringeae,  Connaraceae,  Papilionaceae  pro  parte  (rare),  Rosaoeae 
pro  parte,  Saxifragaceae  pro  parte,  HamameUdeae,  Ostrearia^  Rhizophoraceae 
pro  parte,  Myrtaceae  pro  parte,  Melastomaceae  pro  parte,  L3rthrarieae  pro  parte, 
Onagrarieae,  Passifloraceae  pro  parte,  Datisceae,  Umbelliferae  pro  parte,  Araliaceae, 
Comaceae  pro  parte,  Vacciniaceae  pro  parte,  Myrsineae  pro  ]»rte,  Sapotaoeae, 
Brachynema,  Styraceae  pro  parte,  Apocynaceae  pro  parte,  Ix>ganiaoeae  pro  parte, 
Convolvulaceae,  Solanaceae  pro  parte,  Gesneraceae  pro  parte,  Bignoniaceae  pro 
parte,  Acanthaceae  pro  parte,  Verbenaceae  pro  parte,  LalHatae  pro  parte,  Phytolac- 
caceae pro  parte,  Piperaceae,  Myristicaceae,  Monimiaceae,  Laurineae,  Hemandia- 
ceae,  Gomortegaceae,  Geissoloma,  Santalaceae  pro  parte,  Grubbia^  Euohorbiaceae 
pro  parte,  Balanopseae,  Moraceae  pro  parte,  Urticeae,  Leitnerieae,  juglandeae^ 
Cupuliferae  pro  parte,  Salicineae. 


NORMAL  STRUCTURE  OF  THE  AXIS  114^ 

Bordered  pits  alone  have  been  observed  on  the  walls  of  contact  between  veaaela 
and  parenchyma  in  the  followin|^  Orders  and  genera  respectively :  Trochodendia- 
ceae  pro  paite,  Anonaceae,  Memspermaceae,  Capparideae,  CaneUaceae,  Bixineae 
pro  parte,  Pittosporeae,  Polygaleae,  Vochysiaceae  pro  paxte,  Tamarisdneae  pro 
parte,  Elatineae,  Hvi)ericineae  pro  parte,  feuttiferae  pro  parte,  Temstroemiaceae 
pro  parte,  Ancistrocladus,  Malvaceae  pro  parte,  Triplochitonaceae,  Stercnliaceae  pro 
parte,  Tiliaceae  pro  parte,  lineae  pro  parte,  Humiriaceae  pro  parte,  Malpighiaceae 
pro  parte,  ZygophyUeae,  Rutaceae  pro  parte  (in  most  cases),  Simarubaceae  pro  parte 
(almost  always),  Koeberlinia^  Balanites,  Ochnaceae,  Meliaceae,  Olacineae  pro  |)arte, 
Ilidneae,  Cyrilleae  ?,  Celastrineae,  Hippocrateaceae,  Rhamneae  pro  parte,  Sapipda- 
ceae,  Aceraceae,  Melianthaceae,  Staphyleaceae  pro  parte,  Papilionaceae  pro  psurte  (in 
most  cases),  Caesalpinieae,  Mimoseae,  Rosaceae  pro  parte,  Crossosomataceae,  Saxi- 
fragaceae  pro  parte,  Penthorumt  Droseraceae,  MyrothamnuSp  Bruniaceae^  Halorageae, 
Rhizophoraceae  pro  parte,  Combretaceae,  Myrtaceae  pro  parte,  Melastomaceae  pro 
parte,  Lythrarieae  pro  parte,  Samydaceae,  Loaseae,  Tumeraceae,  Passifloraceae  pro 
parte,  Umbelliferae  pro  parte,  Comaceae  pro  parte,  Rubiaceae,  Calycereae,  Com- 
positae,  Goodeniaceae,  Campanulaceae,  Lobeliaceae,  Vacciniaceae  pro  parte,  Erica- 
ceae, Epacrideae,  Myrsineae  pro  parte,  Ebenaceae,  Styraceae  pro  parte,  Oleaceae, 
Salvadoraceae,  Apoc3maceae  pro  parte,  Asclepiadeae,  Loganiaceae  pro  parte,  Des^ 
fontainea,  Gentianeae,  HydrophyUaceae,  Solanaceae  i>ro  parte,  Retxia^  Scrophnla* 
rineae,  Columelliaceae,  Gesneraceae  pro  parte,  Bignoniaceae  pro  parte,  Pedauneae, 
Acanthaceae  pro  parte,  Myoporineae,  Selagineae,  Verbenaceae  pro  parte,  Labiatae 
pro  parte,  Ph3rtolaccaceaepro  parte,  Batideae,  Polygonaceae,  Cnloranthaceae,  Pro- 
teaceae,  Thymelaeaceae,  F^naeaceae,  Elaeagnaceae,  Santalaceae  pro  parte,  Cham- 
pereiay  Euphorbiaceae  pro  parte,  Daphniphyllaceae,  Buxaceae,  Ulmaceae,  Moraceae 
pro  parte,  Myricaceae,  Casuahneae,  Cupuliferae  pro  parte,  Lacistemaceae  ?• 

§  44.  WooD-PROSENCHYMA.  The  most  valuable  systematic  feature, 
afforded  by  the  structure  of  the  wood-prosenchjrma,  has  proved  to  be  the 
nature  of  the  pitting  of  the  prosenchymatous  ground-mass  ^  of  the  wood. 
The  presence  of  distinct  simple,  pits  (i.e.  without  a  border)  or  of  distinct 
bordered  pits  (although  the  borders  are  sometimes  small)  on  the  wood- 
prosenchjnna  is  often  characteristic  of  entire  Orders,  tribes,  genera  or  generic 
sections ;  in  utilizing  these  features  it  is  necessary  to  neglect  the  occurrence 
of  small  numbers  of  fibrous  cells,  provided  with  bordered  pits  (i.e. '  tracheides ' 
which  are  transitional  to  the  vessels),  side  by  side  with  the  wood-prosenchyma 
bearing  simple  pits,  or  of  simple-pitted  fibrous  cells  side  by  side  with  the 
bordered-pitted  wood-prosench3ana.  A  more  detailed  classification  of  the  wood- 
prosenchyma  (cf.  §  42,  p.  1 135,  footnote  3)  is  not  of  much  value  in  systematic- 
anatomical  researches,  as  far  as  can  be  gathered  from  the  experience  hitherto 
obtained,  among  other  reasons  because  a  classification  of  this  kind  is  partly  based 
on  ph3rsiological  characters  (viz.  the  cell-contents),  so  that  it  is  impossible  to 
apply  it  with  the  requisite  precision,  when  using  herbarium-material.  Apart 
from  those  already  mentioned,  a  few  other  structural  features  of  the  wood- 
prosenchyma  deserve  to  be  taken  into  consideration ;  the  most  important 
of  these  are  the  following :  the  varjdng  size  of  the  lumina  and  the  diverse 
thickness  of  the  walls ;  the  occurrence  of  thin  transverse  walls  in  the  wood- 
prosenchsmia  (septate  wood-prosenchjnna),  a  feature  connected  with  the 
storage  of  starch  in  the  lumina  of  the  cells ;  the  presence  of  starch  in  fibrous 
cells,  which  are  not  septate ;  the  occurrence  of  a  so-called  gelatinous  layer, 
viz.  a  cartilaginous  thickening-layer  of  the  cell-wall,  consistinjg  of  hemicellulose 
and  occasionally  disappearing  in  the  course  of  the  metabolism  of  the  plant ; 
the  detailed  structure  and  abundance  of  the  pits ;  the  length  of  the  cells  and 
their  mode  of  arrangement  in  a  transverse  section ;  the  appearance  of  the 
cells  in  transverse  section  (outline  and  size,  the  latter  occasionally  varying 


'  See  also  Gregory,  Pores  of  the  librif.  tissue,  Bull.  Torrey  Eot.  Club,  New  York,  18S7 ;  abstr. 
in  Bot  CeDtralbl.,  1887,  iii,  p.  72. 


1142  CONCLUDING  REMARKS 

IB  one  and  the  same  section,  owing  to  the  fact  that  the  fibrons  cells  are  cut 
through  at  different  points  in  the  course  of  their  length),  &c. 

Although  the  distinction  between  wood-prosenchyma  bearing  bordered 
pits  and  that  bearing  simple  pits  is  so  simple  in  itself,  the  maintenance  of  this 
distinction,  which  is  very  important  for  systematic  purposes,  becomes  very 
difficult,  when  the  borders  of  the  pits  are  very  small ;  for,  simple  slit-shaped 
pits  occasionally  appear  to  be  provided  with  a  small  border,  when  seen  in 
surface^view.  In  such  a  case  the  appearance  of  the  pit  in  transverse  section 
can  alone  decide  whether  the  pit  is  reaUy  bordered  or  not. 

The  proMnchvmatoas  groimdinass  of  the  wood  bears  simple  pits  in  the  fol- 
lowing Orders  and  genera  respectivelv ;  Rannnculaceae,  Anonaceae,  Berfoeiideae 
pro  parte,  Papaveraceae,  Cniaferae»  Capparideae,  Resedaceae,  Qstineae  pro  parte, 
Vic^arieae,  BiSdneae  pro  parte,  Pittosporeae,  Tremandreae  pro  parte,  Voch^^aceae 
(excl.  Trigoniaceae),  Frankeniaceae,  Caryophylleae,  Portulaceae,  Tamariscineae 
pro  parte,  Hyperidneae  pro  parte,  Guttiferae  pro  parte,  Temstroemiaceae  pro  parte, 
iMpterocitfpeae  pro  i)arte,  Malvaceae,  Triplochitonaceae,  Sterculiaceae  mo  parte, 
Tinaceae,  Rhaptopetalaceae,  Lineae  pro  parte,  Malpighiaceae,  Geraniaceae,  Kutaceae, 
Simarubaceae pro  parte  (almost  always),  Ochnaceae  pro  parte,  Burseraceae,  Meliaceae, 
Corynocarpaceae,  Khamneae,  Ampelidaceae,  Sapindaceae,  Didiereae,  Hippocastana- 
oeae,  Aceraceae,  Melianthaceae,  Staphyleaceae  pro  parte,  SalHaceae  pro  parte,  Anacar- 
diaceae,  Coriarieae,  Moringeae,  Connaraceae,  Papihonaceae,  Caesalpmieae,  lifimoseae, 
Rosaceae  pro  parte  (rare),  Saxifrs^gaceae  pro  parte,  Crassulaceae,  Halorageae, 
Rhizophoraceae  pro  parte '(tribe  Rhizophoreae),  Combretaceae  jpro  parte  (in  most 
cases),  Lecythidaceae,  Melastomaceae  pro  parte,  Lythraiieae,  Onagrarieae,  Samy- 
daceae,  Loaseae  pro  parte,  Tumeraceae  pro  parte,  Passifloraceae  pro  parte,  Cucur- 
bitaceae,  Begomaceae,  Datisceae,  Cacteae,  Ficoideae,  Umbelliferae,  Araliaceae, 
Comaceae  pro  parte,  Caprifoliaceae  pro  parte,  Rubiaceae  pro  parte,  Valerianeae, 
Dipsaceae  pro  parte,  Calycereae,  Compositae,  Lobeliaceae,  Diapensiaceae  pro  parte* 
Plumbagineae,  Myrsineae,  Sapotaceae,  Oleaceae  pro  parte,  Salvadoraceae,  Apocyna- 
ceae  pro  parte,  Asclepiadeae  pro  parte,  Loganiaceae  pro  parte,  Gentianeae  pro  parte, 
Polemomaceae,  Boragineae  pro  parte,  Solanaceae  pro  parte,  Reina,  Scrophularmeae, 
Orobanchaceae,  Gesneraceae,  Bignoniaceae,  Pedauneae,  Acanthaceae,  Myoporineae, 
Zombiana,  Selagineae  pro  parte,  verbenaceae,  Labiatae,  Hantagineae,  Nyctagineae, 
lUecebraceae  pro  parte  (rare),  Amarantaceae,  Chenopodiaceae,  Ph3rto]accaceae  pro 
parte,  Polygonaceae,  Fiperaceae,  Chloranthaceae  pro  parte,  Myristicaceae,  Monimia- 
ceae  pro  parte,  Laurineae,  Hemandiaceae,  Thymelaeaceae  pro  parte  (rare),  Lorantha- 
ceae  pro  parte,  Myzodendron  (short  prosenchyma  resembling  rod-cells).  Euphorbia- 
ceae  pro  parte,  Balanopseae  pro  parte,  Ulmaceae  pro  parte,  Cannabineae,  Biforaceae, 
Urticeae,  Leitnerieae,  Juglandeae  pro  parte,  CupuUferae  pro  parte,  Salidneae. 

In  tile  ensuing  list  of  Orders  and  genera,  the  prosendiymatoiis  groond-mass 
of  the  wood  is  provided  with  distinct  bordered  pits :  Dilleniaceae,  Calycanthaceae, 
Magnoliaceae,  Trochodendraceae,  Lactoridaceae,  EupotnaHa^  Memspermaceae, 
Berberideae  pro  parte,  Cistineae  pro  parte,  Canellaceae,  Bixineae  pro  parte,  Tre- 
mandreae pro  parte,  Polygaleae,  Trigoniaceae,  Tamariscineae  pro  parte,  Elatineae, 
Hypericineae  pro  parte,  Guttiferae  pro  parte,  Temstroemiaceae  pro  parte,  Diptero- 
carpeae  pro  parte,  Ancistrocladus,  Chlaenaceae,  Sterculiaceae  pro  parte,  Oneae 
pro  parte,  Humiriaceae,  Zy^ophylleae,  Simarubaceae  pro  parte,  Koeberlinia, 
Ochnaceae  pro  parte,  Chailletiaceae,  Olacineae,  Ilicineae,  Cjrnlleae,  Celastiineae 
(occasionaUy  side  by  side  with  prosenchyma  bearing  simple  pits),  Hippocratea- 
ceae,  Stacknousieae  (side  by  side  with  prosenchyma  bearing  simple  pits),  Staphy- 
leaceae pro  parte,  Sabiaceae  pro  parte,  Rosaceae  pro  parte  (in  most  cases),  Crossoso- 
mataceae,  Saxifragaceae  pro  parte,  Penthorum^  Droseraceae,  Hamamelideae, 
MyrotkamnuSf  Ostrearia^  Bruniaceae,  Rhizophoraceae  pro  parte  (Legnotideae), 
Combretaceae  pro  parte,  Myrtaceae  sens,  str.,  Melastomaceae  pro  parte,  Loaseae 
pro  parte,  Tumeraceae  pro  parte,  Passifloraceae  pro  parte,  Comaceae  pro  parte. 
Caprifoliaceae  pro  parte,  Rubiaceae  pro  parte,  Dipsaceae  pro  parte,  Goodeniaceae, 
Campanulaceae,  Vacciniaceae  (side  by  side  with  prosenchyma  bearing  simple  pits), 
Ericaceae  (in  part  side  by  side  with  prosenchyma  bearing  simple  pits),  Epacrideae, 
Diapensiaceae  pro  parte;  Ebenaceae,  Brachynema^  Styraceae,  Oleaceae  pro  parte, 
Apocynaceae  pro  parte,  AsQlepiadeae  pro  parte,  Loganiaceae  pro- parte,  Desfon- 
iatneaj  Gentianeae  pro  parte,  Hydrophyllaceae,  Boragineae  pro  parte.  Con  vol  valaceae. 
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Solanaceae  pro  parte,  ColumeUiaceae,  Selagineae  pro  parte,  Illecebraoeae  (in  most 
cases),  Phjrtolaccaceae  pro  parte,  Batideae,  Sepentnaceae,  Arist(^ochiaceae,Chloran- 
tbaoeae  pro  parte,  Mommiac^^  pro  parte,  Gomort^ffaceae,  Proteaceae,  Thymelaea- 
oeae  (in  most  cases),  Gonysfylus,  Penaeaceae,  Geissoioma^  Elaeagnaceae,  lA>rantha- 
ceae  pro  parte,  Santalaceae,  Champereta^  Grubbia^  Euphorbiaceae  pro  parte,  Daphni- 
phyllaceae,  Buxaceae,  Balanopseae  pro  parte,  Uhnaceae  pro  parte,  Flatanaceae, 
Juglandeae  pro  parte,  Myricaceae,  Casuarineae,  CupuHferae  pro  parte  (in  most 
cases),  Ladstemaceae,  Empetraceae. 

Septate  wood*proaenchyinahas  been  observed  incertainBerberideae,  Violaiieae, 
Bixineae,  Fittosporeae,  Voch3rsiaceae,  Temstroemiaceae,  Dipterocarpeae,  Malvaceae, 
Tiliaceae,  lineae,  Malpighiaceae,  Geraniaceae,  Simarubaceae,  Bnrseraceae,  Melia- 
ceae,  Celastrineae,  Ampelidaceae,  Sapindaceae,  Staphyleaceae,  Satdaceae,  Anacar- 
diaceae,  Connaraceae,  Papilionaceae,  Caesalpinieae,  Mimoseae,  Rosaceae,  Saxi- 
fragaceae,  Combretaceae,  Melastomaceae,  Lythrarieae,  Onagrarieae,  Samydaceae, 
Tumeraceae,  Passifloraceae,  Begoniaceae,  Cacteae,  Araliaceae,  Comaceae,  Capri- 
foliaceae,  Rubiaceae,  Compositae,  Lobeliaceae,  Vacciniaceae,  Myrsineae,  Oleaceae, 
Loganiaceae,  Polemoniaceae,  Solanaceae,  Scrophularineae,  Gesneraceae,  Bignonia- 
ceae,  Acanthaceae,  Zombiana,  Verbenaceae,Labiatae,  Ph3rtolaccaceae,  Polygonaceae, 
Fiperaceae,  Chloranthaceae,  Myiisticaceae,  Monimiaceae,  Laurinea^  Euphorbia- 
ceae, Moraceae,  Cupuliferae,  Sahcineae. 

A  geiatinotis  layer  has  been  recorded  in  certain  Calycanthaceae,  Violarieae, 
Bixineae,  Lineae,  Simarubaceae,  Hippocastanaceae,  Papiuonaceae,  Caesalpinieae, 
filimoseae,  Rosaceae  (Amygdaleae),  M3nrtaceae,  Onagrarieae,  Ebenaceae,  Laurineae, 
Fiperaceae,  Proteaceae,  Efuphorbiaceae,  Ulmaceae,  Moraceae,  Casuarineae,  Cupuli- 
ferae and  Salidneae ;  this  feature  is  often  found  only  in  a  small  number  of  the 
wood-fibres  composing  a  piece  of  wood  (cf .  also  De  Bary,  Vergl.  Anat.,  p.  497 ;  and 
Potter,  in  Annals  of  Bot.,  I904»  p.  121  et  seq.)« 

§  45.  Wood-parenchyma.  The  scanty  or  abundant  occurrence  of  wood- 
parench}maa  is  of  considerable  systematic  value,  sometimes  even  constituting 
an  ordinal  character ;  when  present  in  large  quantities,  the  wood-parenchyma 
generally  forms  tangential  bands  (known  as  the  '  metatracheal '  parenchyma 
in  contrast  to  the  paratracheal '  i>arench}rma,  aggregated  round  about  the 
vessels),  as  seen  in  a  transverse  section  of  the  branch.  For  the  purposes  of 
specific  diagnosis  it  is  also  well  to  take  note  of  the  occurrence  of  scattered 
wood-parenchyma  between  the  wood-fibres  and  in  the  autunm-wood  of  species 
forming  annual  rings.  The  occurrence  of  *  chambered  crystal-parenchyma  ' 
(i.e.  parenchymatous  strands,  divided  by  means  of  transverse  waUs  into 
chambers,  which  are  for  the  most  part  of  approximately  equal  size  and  contain 
solitary  crystals  *)  in  the  wood  is  generally  only  of  specific  value. 

Abundant  development  of  the  wood-parenchjrma  has  been  observed  in  the 
following  Orders  and  genera  respectively:  Dilleniaceae,  MagnoUaceae,  Anonaceae, 
Vochysiaceae,  Hypencineae,  Guttiferae,  Dipterocarpeae,  AnctstrodaduSy  Chlaena- 
ceae,  Malvaceae,  Sterculiaceae,  Tiliaceae,  Rhaptopetalaceae,  Lineae,  Mal^ghiaceae, 
Simarubaceae,  Balanites  \  Oladneae,  Celastrineae,  Sapindaceae,  Paplionaceae, 
Caesalpinieae,  Chrysobalaneae,  Combretaceae,  Lecythidaceae,  Rubiaceae,  Sapota- 
ceae,  £benaceae,  Fioragineae,  Verbenaceae,  Aristolochiaceae,  Laurineae,  Proteaceae, 
Thymelaeaceae,  Euphorbiaceae,  Moraceae,  Juglandeae,  Casuarineae,  Cupuliferae. 

§  46.  Medullary  Rays  of  the  Wood  ^.  The  most  important  systematic 
characters  are  the  appearance  of  the  medullary  rays  in  a  tangential  section, 
and  the  breadth  of  the  ra]^ ;  in  determining  the  latter  feature  it  is  necessary 
to  examine  both  transverse  and  tangential  sections.    The  varied  appearance 

^  Clustered  ciystals  rarely  occur  in  the  wood-parenchyma  (Guttiferae  :  Garcinia  dioica,  Bi.), 
whUe  raphides  have  been  observed  in  this  tissue  in  members  of  the  Dilleniaceae  and  Temstroemiaceae. 

'  According  to  Van  Tieghem,  Ann.  sc.  nat.,  s^r.  9,  t.  iv,  1906. 

'  Esner,  iSagnost.  Wert  der  Anz.  n.  Hohe  d.  Markstr.  bei  d.  Coniferen,  Halle,  i88a ;  Schulz, 
Markstrahlgewebe,Jahrb.. Berliner  Gart,  ii,  1883,  p.  224  and  Tab.  vli;  Michael,  Ban  d.  Holzes  der 
Compositen,  etc..  Diss.,  Leipzig,  1885 ;  Zache,  Anz.  u.  Gr.  d.  Markstr.  bei  einig.  Lanbh.,  Zdtschr. 
f.  Natarw.  f.  Sachsen  u.  Thiir.,  1886,  p.  i ;  Kny,  Maikstr.  dicotyl.  Gew.,  Sitz.-Ben  dentsch.  bot. 
Gesellsch.,  1890^  p*  1 76 ;  Herbst,  Markstr.,  Bot.  Centralbl.,  1894,  i,  p.  357  et  seq.,  especially  p.  409. 
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of  the  medullary  rays  in  a  tangential  secticm  is  due  io  the  fact  that  the  com- 
ponent cdls  either  show  palisade-like  elongation  in  the  iTcrtical  directkm 
(upright  cells)  or  radial  elongation  (bonzontsl  cells),  the  rays  heing  composed 
either  of  both  or  only  of  one  of  these  two  forms  of  cdls.  The  d^pree  of  elonga- 
tion of  the  cells  in  the  vertical  or  radial  direction  varies.  It  is  very  rare 
(certain  Malvaceae  and  Passifloraceae)  to  find  medullary  rays/ in  which  the 
cells  are  compressed  in  the  radial  direction,  so  that  they  appear  strikingly 
broad  (in  the  tangential  direction)  in  a  transverse  section  of  the  branch,  but 
narrow  and  upright  in  a  radial  longitudinal  section.  Tracheidal  cells  provided 
with  bordered  pits  have  not  been  observed  in  the  medullary  rays  of  Dicotyle- 
dons, being  coimned  to  Conifers.  An  exceptional  development  in  the  height 
of  the  entire  complex  of  medullary  rays  often  goes  hand  in  hand  with  the 
differentiation  of  broad  rays,  especially  among  lianes,  but  occasionally  also  in 
plants  which  are  not  Uanes  (e.g.  Urticaceae).  For  the  systematic  value  of  the 
number  of  the  medullary  rays,  see  f  42,  p.  1136.  The  absence  of  medullary  rays 
is  no  uncommon  feature  among  herbaceous  plants,  but  occurs  also  in  certain 
woody  plants.  In  the  latter  case  it  is  sometimes  onlv  ra]^  of  the  parenchy- 
matous type  that  are  wanting,  the  cells  of  the  medullary  rays  being  differen- 
tiated as  slK>rt  fibrous  cells,  so  that  the  resulting  rays  are  not  very  prominent. 
It  remains  to  mention  the  penetration  of  sclerosed  tissue,  belongmg  to  the 
medullary  rays  of  the  cortex,  into  the  medullary  rays  of  the  wood  in  certain 
Menispermaceae,  Hippocrateaceae,  Platanaceae,  Casuarineae  and  Cupuliferae  ; 
this  phenomenon  ^oes  hand  in  hand  with  a  sinuation  of  the  edge  of  the  cam- 
bium, the  convexities  of  which  are  directed  towards  the  pith. 

Broad  medullary  rays  have  been  observed  in  the  wtx>d  in  certain  species  of 
the  following  Orders  and  genera  :  Ranunculaceae,  Dilleniaceae,  Magnoliaceae, 
tMenispermaceae,  *Berberideae,  Capparideae,  *Violarieae,  Portulaceae,  Temstroe- 
miaceae,  Malvaceae,  Sterculiaceae,  Tuiaceae,  Simarubaceae,  Kceberlinia,  BalaniUs^ 
ChaiUetiaceae,  Ilidneae,  ^Hippocrateaceae,  Corynocarpaceae,  ^Ampelidaceae,  Sabia- 
ceae,  Coriarieae,  Papilionaceae,  Caesalfmiieae,  Rosaceae,  Saxifragaceae,  Rhixophora- 
ceae,  Passifloraceae,  Papayaceae,  *Cucarbitaceae,  *Begoniaceae,  Araliaceae,  Compo- 
sitae,  Myxsineae,  Salvadoraceae,  Verbenaceae,  Labiatae,  Phytolaccaceae,  Batideae, 
*Aristolochiaceae,*Piperaceae»  Chloranthaceae,  Monimiaceae,  Ptoteaceae,  Lorantha- 
ceae,  Ulmaceae,  Moraceae,  Urticeae,  Platanaceae,  Casuarineae,  Cupuliferae.  Those 
Orders,  which  are  provided  with  a  *,  have  broad  primary  and  secondary  rays, 
traversing  the  entire  length  of  the  intemodes  in  the  form  of  continuous  plates 
and  divimng  up  the  xylem-mass  into  narrow  segments  (H.  Schenck's  '  Aristoiochia- 

type'). 

The  absence  of  parench3nnaton8  medullary  rays  has  been  demonstrated  in 
certain  woody  species  belonging  to  the  following  Orders  and  genera :  Cmciferae, 
Cistineae,  Frankeuiaceae,  Ca^ophylleae,  Portulaceae,  Tamariscineae,  Geraniaceae, 
Stackhousieae,  Crassulaceae,  Ficoideae,  Compositae,  Epacrideae,  Diapensiaceae, 
Gentianeae,  Boragineae,  Scrophularineae,  Orobanchaceae,  Plantagineae  (secondary 
medullary  rays),  Nyctagineae,  Illecebraceae,  Amarantaceae,  Chenopodiaceae,  Ph3rto- 
laccaceae,  Polygonaceae,  Laurineae  {Cassytha),  Myxodendron  (Sect.  Gymnophyton). 
See  also  Sdiwendener,  Mech.  Prinzip,  p.  148  et  seq. 

{  47.  Special  Elements  found  in  the  Normally  Developed  Xylem- 
MASS.  Unlignified  tissue  composed  of  thin-walled  cells  very  commonly 
accompanies  the  primary  tracheae  in  the  protoxylem  \  and  must  not  be  con- 
founded with  intraxylary  soft  bast  (see  {  57).  A  more  important  systematic 
feature  lies  in  the  occurrence  of  unlignified  tissue  in  the  secondary  xylem  of 


'  *  Intraxylary  Cambifonn*  according  to  Raimann,  in  Sitz.-Ber.  Wiener  Akad.,  xcviii,  Abt.  1 , 1 889; 
*  primares  Vasalparenchym  *  according  to  Strasburger,  Leitnngsb.,  1891 ;  'parencfayme  intral^eax' 
according  to  Pmnet,  in  Ann.  ac  nat.,  s^r.  7,  t  xiii,  1 891,  p.  30a;  '  endoxyle  *  or '  r^on  endoxylaiie ' 
according  to  Briquet,  in  Atti  Congresso  boL  interaaz.,  189a. 


NORMAL  STRUCTURE  OF  THE  AXIS  1145 

woody  plants.  In  certain  species  of  Velia  and  Brassica  (Cruciferae,  Fig.  169 
p.  65),  AcatUhophyttum  (Caryophylleae)  and  Astragalus  (Papilionaceae)  it  is 
differentiated  (like  the  soft  bast  in  species  exhibiting  the  anomaly  known  as 
successive  zones  of  growth)  in  the  form  of  concentric  nngs,  and  contains  numer- 
ous tracheae,  having  small  lumina  and  showing  spiral  to  reticulate  thickening. 
Similar  concentric  layers  of  unUgnified  tissue,  which  surround  the  vessels  and 
alternate  with  prosenchynoatous  layers  devoid  of  vessels,  are  developed  in 
certain  Crassulaceae ;  in  other  members  of  this  Order  the  unlignified  tissue 
enveloping  the  vessels  forms  islands,  which  occasionally  show  a  concentric 
arrangement  in  the  fibrous  ground-mass  of  the  wood  (in  which  no  vessels  are 
found),  or  composes  the  entire  tissue  of  the  xylem.  The  latter  type  of  structure 
is  characteristic  also  of  the  soft  stems  of  the  Papayaceae.  The  small  groups 
of  thin-walled  cells  in  the  wood  of  Olinia  (Lythrarieae)  include  cryst^-sacs. 
It  remains  to  make  special  mention  of  the  appearance  of  the  transverse  section 
through  the  wood  in  the.  species  of  Myzodendron^  belonging  to  the  section 
Eumyzodendron  (Fig.  178,  p.  735),  the  wood  in  these  species  showing  a  peculiar 
distribution  of  the  thin-walled  tissue,  the  tracheae,  ana  the  wood-prosenchjnna. 
Apart  from  the  cases  already  mentioned,  unlignified  tissue  has  been  observed 
in  the  xylem  of  certain  woody  species  (which  exhibit  normal  structure),  belong- 
ing to  the  following  Chrdi^ :  Portulaceae,  Malpighiaceae,  Ampdidaceae, 
Papilionaceae,  Caesalpinieae,  Combretaceae,  Apocynaceae,  Asclepiadeae,  Con- 
volvulaceae,  Ph3rtolaccaceae,  Urticaceae ;  unlignified  tissue  is  very  commonly 
developed  in  hanes,  showing  anomalous  structure.  Other  kinds  of  special 
elements,  which  have  been  observed  in  the  wood,  are :  the  short  prosenchy- 
matous  cells  of  certain  Papilionaceae  (Fig.  60,  p.  275),  which  have  a  special 
shape,  and  are  provided  with  wide  lumina  and  sieve-like  end-walls ;  and  the 
special  barrel-  or  spindle-shaped  cells  of  certain  Cacteae  (Fig.  91,  p.  410), 
which  show  annular  thickenings  or  are  provided  with  a  spiral  band. 

For  the  rare  occurrence  of  secretory  receptacles  in  the  wood,  see  §  14 
(secretory  cells),  §  16  (mucilage-cavities),  {  17  (mucilage-canals)  and  §  19 
(secretory  canals). 

§  48.  Axial  Wood  and  Wood  showing  a  Tier-like  Structure.  Axial 
wood  (central  wood  or  ring  wood)  is  widely  distributed  in  lianes,  belonging 
to  a  large  number  of  different  Orders  ;  it  forms  the  innermost  annular  portion 
of  the  secondary  X34em,  and  contains  vessels,  which  only  have  small  lumina, 
so  that  it  is  distinctly  marked  off  from  the  later  growth  of  the  wood  (periaxial 
wood)^. 

A  xylem-mass,  showing  a  tier-like  structure,  has  been  recorded  by 
Hohnel'  and  other  authorities  in  certain  Malvaceae,  Sterculiaceae,  Zygophylleae, 
Simarubaceae,  Meliaceae,  Sapindaceae,  Papilionaceae,  Caesalpinieae,  l^&moseae, 
Rosaceae,  Combretaceae,  Ebenaceae,  and  Bignoniaceae  ;  in  the  Zygophylleae 
and  Caesalpinieae  it  is  oif  almost  universal  occurrence.  In  the  wood  from  the 
stem  of  these  species  deUcate  transverse  lines,  which  are  occasionally  somewhat 
undulated,  can  be  recognized  on  the  surface  of  a  tangential  section  even  with 
the  naked  eye  or  with  the  help  of  a  lens.  The  cause  of  this  phenomenon  is 
mostly  to  be  found  in  the  horizontal  sedation  of  the  medullary  rays,  which  are 
all  of  approximately  equal  height,  each  ray  arising  from  a  single  cell  of  the 
cambium.  In  other  cases  it  is  due  to  a  tier-like  arrangement  of  the  fibrous 
cells  of  the  wood  or  of  the  pitted  areas  on  these  elements,  or  both  of  these 
causes  may  be  combined  (for  details,  see  loc.  cit.). 


'  Cf.  H.  Schenck,  Anat.  d.  LUoen,  1893,  p.  3. 

*  Hohnel,  in  Sitz.-Ber.  Wiener  Akad.,  Ixxxix,  Abt.  i,  1884,  p.  30,  and  Sitz.-Ber.  dentsch.  bot 
Gesellscfa.,  1884,  p.  a. 
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%  49.  Periderm  with  Special  Reference  to  the  Cork  \  In  employing 
the  chantcters  of  the  cork  for  taxonomic  purposes  we  have  firstly  to  taJoe  into 
consideration  the  place  of  origin  of  the  first  layer  of  cork,  andf  secondly  the 
detailed  structure  of  the  cork-cells.  The  jriace  of  development  of  the  cork 
in  the  subaerial  parts  of  the  axis'  is  occasionally  (although  there  are  generally 
a  few  exceptions)  characteristic  of  entire  Orders  or  even  of  groups  of  Orders, 
while  in  other  cases  it  at  least  serves  to  distingnish  genera ;  the  cork  arises 
either  in  a  superficial  position  (i.e.  in  the  epi&rmis  or  in  the  subepidermal 
layer,  or  at  least  in  a  superficial  layer  of  the  primary  cortex)  or  in  the  interior 
(i.e.  in  a  deeper  cell-layer)  of  the  primary  cortex  or  in  the  peric^^  (when  primary 
hard  bast  is  present,  on  its  inner  side).  When  the  cork  is  formed  in  a  super- 
ficial position,  its  exact  place  of  origin  (the  epidermal  or  subepidermal  layer 
of  cells,  the  subepidermal  layer  or  a  somewhat  deeper  layer  of  primary  cortical 
cells)  generally  varies  from  species  to  species ;  m  some  cases,  however,  the 
development  of  the  cork  from  a  definite  layer  is  characteristic  of  the  genus 
(e.g.  in  SaUx  and  Populus,  see  also  the  Thymelaeaceae),  while  in  other  cases 
it  differs  even  in  different  specimens  of  one  and  the  same  species.  The  forma- 
tion of  the  cork  is  particularly  irregular  in  certain  species  of  the  Papilionaceae, 
in  which  the  cork-cambium  may  develop  in  the  mst  to  the  sixm  cell-layer 
of  the  primary  cortex.  A  further  irregularity  in  the  development  of  the  cork 
has  been  observed  in  certain  Menispermaceae  and  Convolvulaceae ;  here  the 
different  parts  of  the  ring  of  phellogen  arise  in  different  positions  along  the 
circumference  of  the  branch,  viz.  at  some  points  in  the  epidermis,  at  other 
points  in  a  deeper  cell-layer  of  the  primary  cortex,  and  so  on.  A  similar 
phenomenon  is  shown  by  many  plants  with  reduced  leaves ',  where  it  allows 
of  the  retention  of  the  assimilatory  tissue  of  the  stem  for  a  considerable  length 
of  time.  It  remains  to  menti<Mi  the  occurrence  of  rings  of  cork  in  the  wood  of 
Sedum  popuUfoUum^  and  in  the  pith  of  species  of  Campanula  and  PhyUuma  *. 

Superficial  development  of  the  cork  has  been  observed  in  the  following  Orders 
and  genera  respectively:  Dilleniaceae  pro  parte,  Calycanthaceae,  MagnoUaceae, 
Trochodendraceae,  Anonaceae,  Menispermaceae  pro  parte,  Berberideae  pro  parte, 
Capparideae  pro  parte,  Cistineae  pro  parte,  CaneUaceae,  Bixineae  pro  parte,  Pitto- 
sporeae  pro  j^irte,  Tremandreae,  Polygaleae,  Vochysiaceae  pro  parte,  Frankeniaceae, 
Caryophylleae  (rare),Tamariscineae  pro  parte,  Hypericineae,Guttiferae,Temstroemia- 
ceae  pro  parte,  Strasburgeria,  Microsemma^  IMpterocarpeae,  Ancistrocladus  pro  parte, 
Laphita^  Malvaceae,  Sterculiaceae,  Tiliaceae,  Khaptopetalaceae,  Lineae,  Humiriaceae, 
Malpighiaceae,  Zygophylleae  pro  parte,  Geraniaceae  pro  parte,  Rutaceae,  Simaru- 
baceae  (excL  Sutiana)^  Ochnaceae,  Luxemburgiaceae,  Wauacea^  Burseraceae,  Melia- 
ceae,  Chailletiaceae,  Olacineae,  Octocnemaceae,  Ilidneae  pro  parte,  Celastrineae  pro 
parte,  Hippocrateaceae  pro  parte,  Pentaphylacaceae,  Corynocarpaceae,  Rhamneae, 
Ampelidaceae  pro  parte,  Sapindaceae  pro  parte  (almost  always),  Didiereae,  Hippo- 
castanaceae,  Aceraceae  pro  parte,  Staphyleaceae,  Sabiaceae,  Anacardiaceae,  Coria* 
rieae,  Connaraceae,  Papuionaceae  pro  parte,  Caesalpinieae,  Mimoseae,  Rosaceae  pro 
parte,  Saxifragaceae  pro  parte,  Crassulaceae,  Hamamelideae,  Bruniaceae,  Rhizophora- 

^  Sftnio,  in  Pringtheim  Jahrb.,  ii,  1860,  p.  30  et  leq. ;  De  Baiy,  Vcrsl.  Anat,  1877,  pp.  114 
and  560  et  leq.;  Hohnel,  in  Sitx.-Ber.  Wiener  Akad.,  Uzvi,  AbL  i,  1877,  p.  507  et  scq.;  Ross, 
Periderma,  Malpighia,  iii  and  iv,  sep.  copy,  1890,67  pp.;  Moller,  Rindenanat.,  i88a ;  Donliot, 
in  Ann.  k.  nat.,  ser.  7,  t.  x,  1880 ;  J.  £.  Weiis,  in  Denkschr.  bayer.  bot  Geiellsch.,  Regensbais»  vi» 
1800,  69  pp.,  I  Tab. ;  Segentedt,  in  Bihang  Sv.  Vet.  Akad.  Handl.,  xix,  Aid.  iii,  n.  4,  86  ppv 
3  Tab.,  abatr.  in  Bot.  Centralbl.,  1896,  i,  p.  15^ 

■  We  maypoint  ont  here  that  in  one  and  the  same  species  the  place  of  development  of  the  cork 
is  freqnendy  dSfferent  in  the  subaerial  parts  of  the  axis  ana  in  the  subterranean  oigans  (rhizomes  and 
roots).  Not  uncommonly  the  cork  arises  snperficially  in  the  sabaerlal  parts,  while  in  the  subterranean 
parts  its  development  is  pericyclic ;  the  latter  is  altogether  the  rule  in  roots. 

'  Ross,  in  Ber.  dentsch.  bot.  Gesellsch.,  1886,  p.  36a,  and  in  Nuoto  Giom.  bot.  ItaL,  xxi,  1889; 
see  also  Roas,  Ass.  Gew.,  etc..  Diss.,  Freiburg  i.  Br.,  1887. 

*  For  similar  formations  of  cork  in  the  root  of  species  of  Gypsopkila^  Tkapsia,  RmtmXj 
Trng9p^g9H^  Ax.,  see  Maheu  et  Combes,  Formations  subJ^ro-phellodermiques  anormalcs,  Bull.  80c 
bot.  die  France,  1907,  pp.  429-43. 
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oeae,  Combretaceae  pro  parte,  Myrtaceae  pro  parte,  Lecythidaceae,  Melastomaceae 
pro  parte* Lythrarieae  (very rare),  irafa,  Samydaceae, Tumeraceae,  Passifloraceae  pro 
parte»  Begoniaceae,  Cacteae,  Umbelliferae  pro  parte,  Araliaceae,  Comaceae,  Capri- 
loliaceae  pro  parte,  Rubiaceae  pro  parte,  Valerianeae  pro  parte,  Dipsaceae  pro  parte, 
Compositae,  tjoodeniaceae  pro  parte,  Lobeliaceae,  Diapensiaceae  pro  parte,  Flum- 
Wgineae,  Prixnulaceae  pro  parte,  Myrsineae,  Sapotaceae,  Ebenaceae  pro  parte, 
Styraceao  pro  parte,  Oleaceae  pro  parte,  Salvadoraceae,  Apocynaoeae,  Ascle* 
ptadeaei  Lpgamaceae  pro  parte  (Loganioideae,  Polypremum  and  PeltafMera), 
Hydtx>phyllaceae,  Boragmeae  pro  parte,  Convolvulaceae,  Nolaneae,  Solanaceae  pro 
vfrte,  ^rophulaiineae  pro  parte,  Gesneraceae  pro  parte,  Bignoniaceae  pro  parte, 
FedaUneae,  Acanthaceae  pro  parte,  Myoporineae,  2^ombiana,  Selagineae  pro  parte, 
Verbenaccae  pro  parte,  Liabiatae  pro  parte,  Plantagineae  pro  pajrte,  Nyctagineae 
wo  parte,  luecebraceae  pro  paite,  Amarantaceae,  Chenopoaiaceae  pro  parte, 
BaaeUaceae,  Phytolaccaceae,  Pol^rgonaceae  pro  parte,  Aristolochiaceae,  Hperaceae, 
Myristicaceae,  Monimiaceae,  Lanrineae,  Hemandiaceae,  Proteaceae,  Thymelaeaceae, 
OctohpiSf  Gonystylus,  Geissoioma^  Elaeagnaceae,  Loraathaceae,  Santalaceae,  Myzo* 
dendran^  Champereia,  Grubbia^  Euphorbiaceae  pro  parte,  Buxaceae  pro  parte» 
Balanopseae,  Ulmaceae,  Moraceae,  urticeae  pro  parte,  Platanaceae,  Leitnerieae, 
Jug^anaeae,  Myricaceae,  Cupuliferae,  Salicineae,  Ilacistemaceae. 

Internal  development  of  the  cork,  i.e.,  from  a  deeper  layer  of  cells,  which  is  still, 
however,  situated  in  the  primary  cortex,  is  found  in  the  foUowingOrders  and  genera : 
DiUeniaceae  pro  parte,  Menispermaceae  pro  parte,  Berberideae  pro  parte,  Cruciferae 
pro  parte,  Cappandeae  pro  parte,  Cistineae  pro  parte,  ^xineae  pro  parte,  Httosporeae 
pro  parte,  Vochysiaceae  pro  parte,  Tamaiiscineae  pro  parte,  Temstroemiaceae  pro 
-^ate^Ancistrocladus  pro  parte,  Geraxdaceae  (Tropaeolum)^  Suriana  (Simarubaceae), 
lUcineae  pro  parte,  Cyrilleae  (pericycUc  ?),  Celastrineae  pro  parte,  Hippocrateaceae 
pro  parte,  Aceraceae  pro  parte,  Melianthaceae,  PapiUonaceae  pro  parte,  Kosaceae  pro 
parte,  Combretaceae  pro  parte  ?,  Myrtaceae  pro  parte,  Lythrarieae  pro  parte,  Passi- 
noraceae  pro  parte,  Cucurbitaceae,  Ficoideae,  Kubiaceae  pro  parte,  Oleaccfae  pro 
parte,  Desfontainea^  Gentianeae  (pericyclic  ?),  Polemoniaceae  pro  parte  ?,  Bora« 
flineae  pro  parte,  Bignoniaceae  pro  parte,  Verbenaceae  pro  parte,  Labiatae  pro  parte, 
Plantagineae  pro  peute,  Nyctagmeae  pro  parte,  Chenopodiaceae  pro  parte,  Euphor- 
biaceae pro  parte,  Urticeae  pro  parte. 

PericycUc  development  of  the  cork  has  been  observed  in :  Ranunculaceae, 
DiUeniaceae  pro  parte,  Berberideae  pro  parte,  Cruciferae  pro  parte,  Cistineae  pro 
parte,  Bixineae  pro  parte,  Rttosporeae  pro  parte,  Vochysiaceae  pro  parte,  Caryo- 
phyUeae  pro  parte,  Hyperidneae  pro  parte,  Temstroemiaceae  pro  parte,  Andstro- 
eladus  pro  paai:e,  ZygophyUeae  pro  psurte,  KoeUrlinia^  AmpeHdaceae  pro  parte  (in 
the  bast  ?),  Sapindaceae  pro  parte,  Papilionaceae  pro  parte,  Rosaceae  pro  parte, 
Saxifragaceae  pro  parte,  Combretaceae  pro  parte,  Myxtsuceae  pro  parte,  Melastomaceae 
pro  parte,  Ljrthrarieae  pro  parte,  Ona^arieae  (excl.  Trapa),  Loaseae,  UmbeUiferae 
pro  parte,  Caprif oliaceae  pro  parte,  Rubiaceae  pro  parte,  Valerianeae  pro  parte,  Dipsa- 
ceae pro  parte,  Goodeniaceae  pro  parte,  Campanulaceae,  LobeUaceae,  vacciniaceae, 
Ericaceae,  Epacrideae,  Diapensiaceae  pro  parte,  Primulaceae  pro  parte,  Ebenaceae 
pro  parte,  Styraceae  pro  piarte,  Loganiaceae  (most  Buddleioideae),  Polemoniaceae 
pro  parte,  Bora^neae  pro  parte,  Solanaceae  pro  parte,  Scrophularineae  pro  parte, 
ColumelUaceae,  Gesneraceae  pro  parte,  Acanthaceae  pro  parte  (really  enoodermal), 
Sel^neae  pro  parte,  Labiatae  pro  parte,  lUecebraceae  pro  parte,  Chenopodiaceae 
pro  parte  (see  p.  1029),  Batideae,  Polygonaceae  pro  parte,  Nepenthaceae,  Penaea- 
ceae,  Euphorbiaceae  pro  parte,  Buxaceae  pro  parte,  Empetraceae^ 

In  the  case  of  repeated  development  of  cork  on  the  same  axis,  the 
arrangement  of  the  successive  cork-cambia  with  reference  to  one  another, 
and  tne  resulting  mode  of  formation  of  the  bark  (whether  scale-  or  ring-bark), 
afford  characters,  which  are  of  systematic  value ;  as  a  rule,  however,  these 
features  can  only  be  determined  in  axes  of  some  thickness,  and  not  in  herbarium- 
material.  Rinf-bark  is  found  only  in  species,  in  which  the  first  pheUogen 
appears  in  a  relatively  deep  layer  of  cells.  The  peculiar  repeated  development 
of  cork  in  the  Sapindaceous  genera  Dodonaea  and  DisHchosteman  and  some 


^  PericycUc  development  of  the  cork  is  prevalent  in  herbaceous  plants  and  in  plants  having  an 
ericoid  habit. 
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other  plants,  and  the  lamellated  or  tier-like  cork  of  certain  Saxifragaceae,  Rubia- 
ceae,  Loganiaceae  (Fig.  125,  p.  544),  and  Labiatae  (which  is  due  to  repeated 
devdopment  of  cork),  still  require  a  more  detailed  discussion  ;  both  of  these 
features  can  be  recognized  already  in  the  branches  of  herbarium-materiaL  In 
Dodonaea  and  Distichostemon  the  development  of  the  cork  commences  in  the 
pericyde  on  the  inner  side  of  the  rinf  of  pericyclic  sderenchyma,  and  is  accom- 
panied by  the  formation  of  a  many-layered  phelloderm ;  subsequently,  a  fresh 
development  of  cork  takes  place  internal  to  a  second  ring  of  sclerenchyma»  which 
arises  at  the  inner  limit  of  the  phelloderm^  and  so  on ;  similar  features  are 
found  also  in  species  of  CotumMia  ((x>lumelliaceae)  and  in  species  of  Rosmarinus 
and  Salvia  (Labiatae).  In  the  formation  of  the  lamellated  cork  consecutive 
layers  of  the  primary  cortex  develop  from  without  inwards  into  cork-cambia, 
each  of  which  gives  rise  only  to  a  very  small  number  of  layers  of  cork-cells ; 
as  a  consequence,  the  rows  of  cork-ceUs  belonging  to  the  individual  tiers  do 
not  correspond  with  one  another  in  the  radial  Erection. 

The  detailed  structure  of  the  cork-cells  varies,  but  is  frequently  only 
of  value  for  specific  diagnosis.  The  walls  of  the  cells  are  either  (a)  thin,  the 
cells  in  this  case  frequently  having  very  wide  lumina  (spon^  cork),  and  at  the 
same  time  often  being  considerably  elongated  in  the  radial  direction,  or  (6) 
thick,  in  which  case  the  cells  are  compressed  in  various  ways,  often  showing 
a  very  marked  radial  compression  (tabular  cork),  or  (c)  sclerosed  (stone-cork). 
In  the  latter  case  the  cork-cells  are  either  uniformly  sclerosed,  or  the  process 
of  sclerosis  affects  only  one  side  of  the  cell,  or  merely  a  horseshoe-shaped 
piece  of  the  wall ;  in  the  second  case  sclerosis  is  confined  either  to  the 
outer  or  to  the  inner  tangential  walls.  The  sclerosed  cells  either  compose 
the  entire  cork  or  are  confined  to  certain  layers  or  occur  as  isolated  elements 
in  the  cork.  In  certain  species  of  Croton  (Euphorbiaceae)  the  structure  of  the 
walls  of  the  cork-cells  is  particularly  noteworthy,  since  the  inner  tane^ential 
walls  are  encrusted  with  small  crystals  of  oxalate  of  lime,  while  in  Liquiaafnbar 
(Hamamelideae)  the  cells  of  the  cork  are  partly  silicified.  In  certam  plants, 
moreover,  the  cork  contains  unsuberized  cells  having  walls,  which  consist 
of  cellulose  or  are  even  more  or  less  lignified  ('  phelloid-cells ')  \ 

The  occurrence  of  layers  of  phelloid-cells  ('TrennungspheUoide'  of'Hdhnel), 
alternating  with  one  or  more,  sometimes  even  a  large  number,  of  layers  of  cork-ceHs, 
is  of  considerable  taxonomic  value ;  smaller  S3r9tematic  value  is  to  be  attributed 
to  the  often  abundant  occurrence  of  phelloid-cells  ('  Massen-'  or  '  Ersatzphelloid  ') 
in  thick  masses  of  cork,  the  strong  development  of  which  is  frequently  only  a  local 
phenomenon.  Layers  of  phelloid-cells  have  been  recorded  in  the  following  Orders : 
}l3rpericineae,  Burseraceae  (phelloid-cells  with  silicified  inner  tangential  walls!), 
Rosaceae,  Combretaceae,  M3a:taceae,  Melastomaceae,  Lythrarieae,  Onagrarieae, 
Caprifoliaceae  *,  Penaeaceae.  The  species  involved  are,  in  almost  all  cases,  such  as 
show  internal  development  of  the  cork. 

A  cork  containing  phelloid-cells  is  related  to  the  '  mucilaginous  cork,' 
which  has  been  observed  in  certain  desert-plants  belonging  to  the  Orders 
Papihonaceae,  Chenopodiaceae^  and  Polygonaceae  '. 

At  this  point  we  may  also  refer  to  the  structure  of  the  cork  in  the 
Epacrideae,  in  which  the  cells  do  not  show  a  distinct  radial  arrangement 
The  development  of  the  cork  in  this  case  still  requires  further  investigation. 

Contents  of  a  special  kind  are  found  in  the  cells  of  the  cork  in  Ad^tmia 
(Papilionaceae),  Sarcocaulon  (Geraniaceae)  and  Bettda  (Cupuliferae).  Cork- 
cells  having  wide  liunina  often  contain  nothing  but  air ;  in  other  cases  one 
finds  renmants  of  the  dead  cell-contents,  which  are  frequently  coloured  brown 
by  phlobaphenes. 

»  See  Hohnel,  loc.  dt.,  p.  505,  and  J.  E.  Wdsa,  loc  dt.,  p.  6.  *  "  See  Hohnel,  loc  dt. 

•  See  Jdonon,  Anat.  Ban  der  VViistenpflanzen,  Lunds  Universitets  Amkrift,  xxzviii,  Afd.  2, 
n.  (,  190a. 
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The  thickness  of  the  cork  can  also  to  a  certain  extent  be  employed  for 
systematic  purposes.  With  regard  to  this  point,  we  may  note  that  strong 
local  proliferations  of  cork  in  the  form  of  tubercules»  ridges,  &c.»  which  are 
visible  to  the  naked  eye  \  have  long  been  taken  into  consideration. 

The  development  of  phelloderm  ^  is  a  very  widely  distributed  feature, 
although  as  a  general  rule  of  little  taxonomic  interest.  In  many  cases  the 
phelloderm  does  not  differ  in  any  way  or  only  to  a  slight  extent  from  the  tissue 
of  the  primary  cortex,  and  under  these  circumstances  it  can  only  be  recog- 
nized as  phelloderm,  if  its  course  of  development  is  studied.  In  other  cases, 
however,  it  is  readily  identified  owing  to  tiie  radial  arrangement  of  its  cells. 
The  phelloderm  is  sometimes  completely  or  partially  sclerosei.  That  of 
Caneua,  for  instance,  is  very  characteristic,  being  composed  of  radially  arranged 
cells,  the  inner  tangential  and  radial  walls  of  which  are  sclerosed. 

'  A  point,  which  has  hitherto  received  too  Uttle  attention,  as  far  as  its 
taxonomic  application  is  concerned,  is  the  succession  of  divisions  in  the 
cork-cambium ;  these  divisions,  which  are  parallel  to  the  surface  of  the  cortex, 
lead  to  the  formation  of  the  cork  and  phelloderm ;  Sanio  ^  distinguishes  the 
most  important  types  as  '  centripetal,'  '  centrifugal,'  and  *  reciprocal.' 

The  structure  of  the  lenticels^  (cortical  pores)  likewise  requires  further 
attention  ;  they  are  often  present  on  the  branches  of  herbarium-material  and 
have  already  been  used  by  systematists  in  their  diagnoses.  Two  types  of 
lenticels  may  be  distinguished.  In  those  of  the  first  type  the  tissue  of  the 
lenticel  consists  solely  of  complementary  cells,  which  remain  in  rather  firm 
connexion,  although  separating  from  one  another  to  a  varying  extent  by  the 
rounding  ofE  of  their  edges.  In  the  lenticels  of  the  second  type  layers  of  loosely 
arrangea  complementary  cells,  which  are  quite  distinct  from  one  another 
and  frequently  form  a  powdery  mass,  alternate  with  firm  and  compact  layers 
of  thick-walled  cells,  which  are  often  of  the  nature  of  cork-cells. 

The  development  of  periderm,  lastly,  may  be  postponed  for  an  often 
considerable  length  of  time  ^  and  this  phenomenon  is  sJso  of  s]^tematic  impor- 
tance. Late  formation  of  the  periderm  occurs  in  the  Orders  enumerated 
below,  and  is  also  found  prevalently  in  plants  with  reduced  leaves,  which,  owing 
to  the  reduction  of  their  foliage-leaves,  are  dependent  upon  the  assimilatory 
tissue  in  the  primary  cortex.  In  the  Visceae  (Loranthaceae)  and  certain 
Menispermaceae  and  rapilionaceae  (Oxylobium),  in  which  cork  only  develops 
at  a  late  stage  or,  as  in  the  case  of  the  Visceae,  is  never  formed  at  all,  its 
place  is  taken  by  what  is  called  a  '  cuticular  epithelium  * ' ;  the  latter  is 
constituted  by  cells  of  the  epidermis  and  primary  cortex,  in  which  the  outer 


^  A  synopsis  of  prolifeiatioos  of  this  kind  wiU  be  found  in  Barber,  in  Annals  of  Bot.,  ti,  1893, 
p.  163;  the  species  nam^  in  this  synopsis  belong  to  the  Malvaceae  (Bombaceae),  Rntaoeae, 
Simanibaceae^  Khamneae,  Legaminosae  (Papilionaceae,  Caesalpinieae,  Mimoseae),  Rosaoeae,  Cacteae, 
Axaliaceae,  and  Enphorbiaoeae. 

*  Knhla,  Entsteh.  n.  Verbreit.  des  Phelloderms,  Bot.  Centialbl.,  1897,  iii,  p.  81  et  leq. 

*  Sanio,  loc.  dt.,  p.  44  et  seq. ;  see  also  J.  £.  Weiss,  loc.  cit.,  p.  38,  and  p.  48  under  9  and  10. 

*  Stahl,  Entwkklung^esch.  u.  Anat.  d.  Lentizellen,  Bot  Zeit.,  1863,  p.  561  et  seq. ;  Klebahn, 
Stmktnr  a.  Fnnkt.  d.  Lentiz.,  Ber.  dentsch.  bot.  Gesellsch.,  1883,  p.  113  et  seq.,  and  Kindcnporen, 
Diss.,  Jena,  188^  also  in  S^itschr.  f.  Natnrw.,  zvii,  Nene  Folge,  x,  p.  537  et  seq. ;  Devanx,  Lentioelles, 
Ann.  sc.  nat,  ser.  8,  t.  xii,  1900,  p.  i  et  seq. 

*  The  genera  and  species,  which  are  mentioned  in  M6Uer*s  *  Rindenanatomie '  and  in  the 
rmective  papers  by  Ross  and  Damm  as  showing  late  development  of  periderm,  belong  to  the 
following  Orders:  Menispermaceae,  Polygaleae,  Gnttiferae,  Tenstroemiaceae,  Malvaceae,  Geraaiaoeae, 
Rntaoeae,  Ilicineae,  Celastiineae,  Rhamneae,  Aceraceae,  Staphyleaceae,  Papiliooaoeae,  Caesalpinieae, 
Mimoseae,  Rosaoeae,  Myrtaoeae,  Araliaoeae,  Comaceae,  Compodtae,  SapoUceae,  Oleaceae,  Loga- 
niaoeae,  Scrophnlarineae,  Polygonaceae,  Aristolochiaceae,  Laorineae,  Proteaoeae,  Loimnthaoeae, 
Euphorbiaceae,  Boxaoeae,  Uiticaceae. 

*  Damm,  Baa  mehxjahr.  Epid.  bei  den  Dicotyled.,  Beth.  z.  bot.  Centralbl.,  xi,  1903,  p.  219 
et  seq.  and  Tab. 
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walls  become  thickened  by  the  formation  of  cuticular  layers.  The  superficial 
layer  of  wax,  differentiated  in  Acer  pennsylvanicum^  L.»  is  closely  related  to 
such  a  cuticular  epitheUum ;  in  this  species  of  Acer  the  outer  epidermal  walls 
and  thereupon  the  lateral  and  inner  wsdls  of  the  epidermal  cells,  and  ultimately 
also  the  walls  of  the  layers  of  cortical  cells,  situated  internal  to  the  epidermis,  in 
turn  become  thickened  and  changed  into  a  wax-like  substance,  wlule  in  other 
species  of  Acer  the  epidermis  alone  undergoes  transformation  into  wax^. 
The  peculiar  gelatinization  of  the  outer  portions  of  the  walls  of  cells  of  the 
epidermis  and  hypoderm  in  the  stem  of  CaUigonum  sp.  (Polygonaceae)'  is  like- 
wise similar  to  a  cuticular  epithelium. 

The  fonnation  of  suberixed  tissue  without  the  help  of  a  phellogea  is 
found  in  certain  Labiatae,  and  (see  above)  apparently  also  in  the  Epacrideae  (in 
which  the  cells  of  the  bast  undei^o  suberization  from  without  inwards),  as  well  as 
in  Asarum  (Aristolochiaceae^  in  which  the  primary  cortex  becomes  subeiized). 

Development  of  cork  in  the  leaf  is  rare  (Fabiana,  Solanaceae) ;  for 
cork*warts  on  the  leaf,  see  §  39  (p.  1133). 

{  50.  Aerenchyma'.  In  certain  plants  aerench3mia  (i.e.  a  lacunar 
tissue,  composed  of  Uving  cells  with  thin  unsuberized  walls.  Fig.  81,  p.  374)  is 
produced  by  the  phellogen  in  place  of  cork  on  those  parts  of  the  stem  and  of 
the  older  roots,  which  are  submerged  or  are  embedded  in  wet  soil.  Aexenchyma 
is  formed  only  in  a  moist  habitat,  and  it  is  possible  to  induce  its  development 
by  artificial  means.  It  has  been  observed  m  the  following  Orders  :  Cappaii- 
deae»  Hypericineae,  Papilionaceae,  Mimoseae,  Melastomaceae,  Ljrthrarieae, 
Onagraneae,  Labiatae,  and  Euphorbiaceae.  The  groups  of  phelloid-ceUs, 
which  are  found  in  the  cork  of  certain  plants  (see  {  49,  p.  1148)  and  are  provided 
with  intercellular  spaces,  may  be  regarded  as  a  simple  type  of  aerenchyma. 

{  51.  Primary  Cortex  \  The  differentiation  of  the  assimilatory  tissue 
and  endodermis,  and  the  occurrence  of  collench}mia  and  sderenchyma  provide 
a  number  of  structural  differences,  which  may  be  employed  for  systematic 
purposes,  although  only  of  value  for  special  diagnosis.  A  palisade-like  differen- 
tiation of  the  hypodermal  tissue  is  loimd  chiefly  among  plants  with  reduced 
leaves  ^  and  occasionally  goes  hand  in  hand  with  the  development  of  furrows 
on  the  surface  of  the  stem  and  the  restriction  of  the  stomata  to  the  epidermis 
of  these  furrows  (see  Fig.  61,  p.  278,  and  Fig.  186,  p.  788) ;  the  same  type  of 
differentiation  is  shown  also  by  the  win^-like  appendages,  found  on  the  stems 
of  plants  with  decurrent  leaves.  Qrdmary  collenchymatous  tissue  is  of 
frequent  occurrence  in  the  cortex  and  is  restricted  either  to  a  hypodermal  layer 
or  to  a  median  zone  in  the  primary  cortex  (see  Moller,  loc.  cit.,  p.  416  et  seq.). 
Typical  coUenchyma  (of  the  weU-known  form,  as  found  in  Begonia  or  CucurbUa) 
is  rarer ;  it  is  found  in  the  same  position  as  the  ordinary  coUenchyma,  but 
may  also  be  developed  in  the  form  of  strands  on  the  outer  side  of  the  bast- 
groups.  Subepidermal  coUenchyma  of  the  tj^ical  kind  frequentiy  participates 
in  the  formation  of  the  ribs  on  the  stem.  In  some  cases  (e.g.  in  certain  Labiatae 
and  Kperaceae)  cells  of  the  typical  coUenchjmMi  may  secondarily  become 
sclerosed  and  thus  transformed  into  elements  resembling  bast-fibres.     As 


»  Uloth,  in  Flora,  1867,  p-  385  ^et  seq, 
'  Jonsson,  in  Lnnds  Univers.  Areskr., 


xxxvifi,  Afd.  a,  n.  6,  190a,  p.  ao. 


'  li.  Schenck,  Aerenchym,  in  Prbgdieim  Jahrb.,  xz,  1889,  p.  535. 

*  Re^rding  the  cortex  in  general,  see  Vesque,  Anat.  de  T^corce,  Ann.  sc  nat,  s^*.  6,  t.  ii, 
1875,  p.  8a;  Hohnel,  Gerberinden,  Berlin,  1880;  MUller,  Rinde  unserer  Lanbh.,  Diss.,  Breslau, 
1875  ;  Moller,  Rindenanat,  188a. 

*  See  Schube,  Blattanne  Pfl.,  Breslan,  1885 ;  Pick,  Ass.  Gewebe  armlanb.  Gewachre.,  Diss,, 
Bonn,  1881 ;  Nilsson,  Stndier  ofv.  stammen  s&som  assimiler.  org.,  Goteboxgs  k.  Vetensk.  och  Vitter- 
hetto  Samhall.  Handl.,  1887 ;  Ross,  in  Nuov.  Giom.  bot.  ItaL,  xxi,  1889,  etc. 
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regards  the  occurrence  of  sclerenchjnna,  it  is  necessary  to  bear  in  mind  the  fact 
that  sclerosis  of  the  primary  cortex  often  sets  in  only  at  a  late  stage,  so  that 
it  is  sometimes  impossible  to  determine  this  feature  adequately  in  the  branches 
of  herbarium-material.  Features  deserving  special  consideration  are  :  (a)  the 
occurrence  of  bundles  of  sderenchvmatous  fibres ;  (()  the  presence  of  a  ring 
of  stone-cells ;  (c)  the  presence  of  cells,  which  (in  a  transverse  section)  are 
sclerosed  in  the  shape  of  a  U  ;  {d)  the  occurrence  of  '  cristarque  '-cells  ;  and 
{e)  the  spicular  cells  and  storage-tracheides,  already  discussed  in  §§  9  and  11. 
We  may  note  that  the  '  cristarque  '-cells  (i.e.  cells,  which  are  tMckened  in 
a  U-shaped  manner,  each  of  them  closely  enveloping  a  single  sohtary  or  clus- 
tered oystal)  ^  occasionally  form  complete  zones  (*  cristarque '),  which  are 
more  or  less  interrupted  and  coincide  either  with  the  first  or  second  cell-layers 
of  the  primary  cortex  or  with  the  endodermis ;  when  such  a  '  cristarque ' 
is  present  in  the  body  of  the  cortex,  it  sometimes  occurs  in  a  corresponding 
position  also  in  the  petiole  and  the  veins  of  the  leaf  of  the  same  species.  In 
plants  inhabiting  dainp  locaUties  and  especially  in  water-plants  the  primary 
cortex  contains  a  system  of  intercellular  spaces,  which  is  often  strongly 
developed. 

The  endodermis  (protective  sheath,  phloeoterma) ',  i.e.  the  innermost 
cell-layer  of  the  primary  cortex,  affords  but  few  anatomical  characters.  In 
woody  species  it  is  at  the  best  developed  only  in  the  young  parts  of  the  axis, 
being  differentiated  as  a  starch-sheath  and  containing  amylon.  In  the  different 
parts  of  the  stem  of  herbaceous  plants  it  often  shows  up  distinctly  owing  to  the 
suberi2ation  of  its  radial  walls,  which  are  provided  with  Caspary's  dots  or 
lines.  The  divisions  in  the  endodermal  cells  (for  the  most  part  by  means  of 
radial  walls),  characteristic  of  many  Gentianeae-Gentianoideae,  are  found  not 
only  in  the  root,  but  sometimes  also  in  the  stem  of  this  group  of  plants. 

The  secretions  and  excretions  found  in  the  primary  cortex  have  already 
been  discussed  in  {  13  et  seq. 

Typical  coUenchyma  has  been  observed  in  certain  Malvaceae,  Cucurbitaoeae, 
Begomaceae,  Araliaceae,  Umbelliferae,  Dipsaceae,  Compositae,  Labiatae  (four 
strands  of  coUenchyma  in  the  four  angles  of  the  stem),  Amarantaceae,  Chenopodia- 
ceae,  Ph3rtolaccaceae,  Polygonaceae  and  Fiperaceae ' ;  quite  a  special  form  of  coUen- 
chyma occurs  in  the  Cacteae  (Fig.  90,  p.  407).  The  primary  cortex  contains  com- 
plete zones  or  groups  of  8cleren^3rmatoi»  fibres  or  isolated  sclerenchymatous 
fibres,  some  of  which  .may  have  developed  secondarily  itom  coUenchymatous  oeUs, 
in  certain Tremandreae,  Ilttosporeae,  lamarisdneae  (in  Fouquiera  there  is  a  peculiar 
sclerenchymatous  zone,  which  arises  in  the  subepidermal  layer  of  cells  and  consists 
of  many  layers),  Polygaleae,  H3rpericineae,  species  of  Ancistrodadus^  species  of 
Lophiray  Simarubaceae,  Luxemburgiaceae,  Stackhousieae,  PapiUonaceae,  Kosaceae 
{Prunus  with  fibrous  ceUs,  some  of  which  have  a  horizontal  course),  Halorageae, 
UmbeUiferae,  Plumbagineae,  Oleaceae,  Asclepiadeae,  Loganiaceae,  Scrophularineae, 
Bignoniaceae,  Acanthaceae,  Verbenaceae,  Labiatae,  Polygonaceae,  Piperaceae, 
Santalaceae,  Euphorbiaceae,  and  Casuarineae  (Fig.  186,  p.  788) ;  in  plants  with  re- 
duced leaves  (see  Fig.  61 ,  p.  278 ),  the  sclerenchymatous  fibres  occasionally  form  plates, 
which  traverse  the  entire  primary  cortex,  extending  from  the  epidermis  to  the  bast- 
groups  of  the  vascular  bundles.  A  ring  of  stone-cells  has  been  observed  in  the  primary 
cortex  in  certain  Capparideae,  Guttiferae,  Simarubaceae,  Burseraceae,  Meliaceae, 
Anacardiaceae,  Saxifragaceae,Melastomaceae,  Asclepiadeae,  Loganiaceae  (5/ry<;Atio5), 
Bignoniaceae,  Monimiaceae,  species  of  Myzodendron,  Euphorbiaceae,  Balanopseae, 
Moraceae,  Salidneae,  as  wdl  as  in  Brachynema,  and  (according  to  MdUer,  p.  419) 


^  See  especiaUy  Van  Tieghem,  Le  cristaique  dans  la  tiee  et  la  feuiUe  des  Ochnaoto,  Ball.  Mas. 
d*hi9t.  nat.,  xri,  190a,  p.  266  et  seq.;  and  Van  Tiegnem,  in  Ann.  sc.  nat.,  ser.  8,  t.  xri, 
1903,  p.  166  et  seq.,  etc. 

'  For  the  distribation  of  the  endodermis  among  the  Dicotyledons,  see  Schonte,  Stelartheorie, 
Jena  and  Groningen,  1903,  pp.  io8-3a. 

'  See  also  Schwendener,  Mechan.  Priniip,  p.  157. 
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also  in  certain  Apocynaceae  and  Asclepiadeae;  in  some  of  these  cases,  tbe  ring  of 
stone-cells  arises  in  the  phelloderm.    Cells,  sclerosed  in  a  U-shaped  manner,  are 

S resent  in  the  primary  cortex  in  certain  Calycanthaceae,  Canelfaceae,  Bixineae, 
^pterocarpeae,  Simarubaceae,  Melastomaceae,  Gesneraceae,  Buxaceae  and  Empe- 
traceae.  Cristarqne-cells  occur  in  the  Rhaptopetalaceae,  lineae,  Simanibaoeae 
(Irvingieae),  Ochnaceae  (with  clustered  crystals),  Luxemburgiaceae  (apparently 
only  in  the  veins  of  the  leaf),  and  Octocnemaoeae.  Parenchymatous  cells,  provided 
with  ridge-like  thickenings,  are  found  in  the  lacunar  cortical  parenchyma  of  HerpesHs 
MonnUria  (Scrophularineae).  Regarding  the  transformation  of  the  outer  cells  of 
the  primary  cortex  (together  with  the  epidermal  ceUs)  into  a  cuticular  epithelium 
or  a  complete  layer  of  wax,  see  {49  (pp.  1 149-1  x  50). 

§  52.  Pericycle  ^.  The  term  '  pericycle '  is  on  the  whole  a  practical 
designation,  which  is  not  altogether  founded  on  a  developmental  basis ;  it  is 
used  to  indicate  that  region  of  the  cortex  of  the  stem,  which  lies  between  the 
innermost  cell-layer  of  the  primary  cortex  (which  is  sometimes  differentiated 
as  a  distinct  endodermis)  and  the  vascular  system  (or,  to  put  it  more  exactly, 
t^e  bast-groups  and  the  intervening  primary  medullary  rays  of  the  cortex). 
The  pericycle  is  differentiated  in  a  variety  of  ways.  In  some  cases  it  is  paren- 
chymatous throughout.  When  this  is  the  case,  the  pericyclic  region  can 
occasionally  (and  especially  in  the  cortex  of  the  larger  branches)  be  deter- 
mined only  by  tracinc;  the  primary  medullary  rays  of  the  cortex  (in  a  trans- 
verse section)  outwards  in  the  radial  direction  up  to  the  point,  at  which  they 
mer^e  into  the  tissue  of  the  primary  cortex,  hi  other  cases  the  pericycle  is 
distinguished  by  the  development  of  sclerenchynoatous  elements  and  is  diffe- 
rentiated as  an  interrupted  or  continuous  mechanical  strengthening 
under  these  circumstances  the  pericyde  is  generally  easily  re  _  '  ' 
a  pericycle  of  this  kind,  a  parench3miatous  zone,  which  resembles  the  ground 
tissue,  is  frequently  intercalated  between  the  pericyclic  sclerenchyma  and  the 
vascular  system  or  rather  the  bast-groups  of  the  latter  ;  this  zone  either  con- 
sists only  of  a  few  layers  of  cells  or  is  strongly  developed  (e.g.  in  the  Meni- 
spermaceae  or  Cucurbitaceae),  and  is  described  as  the  parenchymatous  pericycle ; 
when  it  is  wanting,  the  sclerenchymatous  elements  of  the  pericyde  are  in 
dkect  contact  with  the  bast-groups.  The  sderenchymatous  pericyde  consists 
either  (a)  of  a  non-sderosed  parench}miatous  r^on,  containm^  only  isolated 
bast-fibres  (primary  bast-fibres  ')  or  groups  of  bast-fibres  of  varying  dimensions, 
or  (b)  of  a  completdy  or  more  or  less  completdy  closed  ring  of  bast-fibres, 
or  (c)  of  a  completely  or  more  or  less  completdy  continuous  and  composite 
(i.e.  composed  of  bast-fibres  and  stone-cells)  ring  of  sderenchyma. 

The  differentiation  of  the  sderenchsmiatous  pericyde  may  vary  in  branches 
of  different  thickness  in  one  and  the  same  spedes.  Thus  in  young  branches 
the  pericyde  is  occasionally  found  to  contain  a  dosed  ring  of  bast-fibres,  which 
during  the  subsequent  growth  in  thickness  of  the  branch  becomes  broken 
up  into  isolated  groups  of  fibres  (the  latter  decreasing  in  size  as  secondary 

^  Van  Tieghem,  in  Bull.  Soc.  hot.  de  France,  1882,  p.  a8o;  Moiot,  in  Ann.  sc.  nat.,  aer.  6, 
t  xz,  1884,  p.  217,  and  Bnll.  Soc.  hot.  de  France,  1886,  p.  903;  d*Arbaiimont,  in  Bnll.  Soc.  bot. 
de  France^  1886,  p.  141 ;  H.  Fischer,  Der  Pericykel,  in  Pringsheim  Jahrb.,  zxzt,  1900,  pp.  1-27 
and  Tab.  i ;  Pitard,  L'^volution  et  la  valeur  anat  et  taxinom.dii  pericyde  des  Angiospennea,  These, 
Bordeanx,  1901,  107  pp.,  5  pi.,  also  in  M^m.  Soc.  sc.  phys.  et  nat.  Bofdeaoz,  t  M,  1901 ;  see  also 
the  further  papers  by  JFItard  (in  M^m.  Bordeanx,  Iv  and  ItI,  i  900-1)  wfaidi  are  dted  in  tbii  thesis. 

'  The  bast-fibres  of  the  sclerenchymatous  pericycle  (primary  bast-fibres)  are  frequently  dis- 
tinguished from  the  bast-fibres  of  the  secondary  bast  (secondary  bast-fibres)  by  their  stmctnre 
(the  outline  and  colour  being  difi^erent,  while  the  walls  show  a  slightly  different  chemical  com- 
position, which  is  probably  connected  with  the  difference  in  colour).  To  mention  examples, 
with  which  every  one  is  familiar,  such  points  of  difference  are  shown  by  the  bast-fibies,  which 
compose  the  outermost  layers  of  hard  bast  in  the  phloem-groups  of  the  lime  (which  are  narrowed 
outwards  in  the  form  of  wedges),  and  which  are  to  be  regarded  asperi^qrcUc  elementi^  by  the  isolated 
groups  of  bast-fibres  in  the  pericycle  of '  Cortex  Frangulae,*  etc 
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growth  continues),  while  parenchsmiatous  tissue  penetrates  into  the  gaps 
thus  formed  both  from  the  outer  and  inner  sides  ;  this  parenchjona  is  either 
not  sclerosed  or  becomes  more  or  less  completely  sclerosed.  In  this  way 
the  thicker  axes  of  one  and  the  same  species  contain  either  isolated  groups 
of  bast-fibres  of  varying  size  or  a  composite  ring  of  sclerenchyma,  which  is 
either  interrupted  or  continuous  ;  in  thick  branches,  moreover,  the  composite 
ring  of  sclerenchyma  naturally  includes  a  far  larger  number  of  stone-cells 
than  in  those  which  are  slightly  thinner,  while  the  proportion  of  bast-fibres 
as  compared  with  stone-cells  decreases  more  and  more.  In  the  course  of 
further  growth  in  thickness,  such  a  composite  and  continuous  rin^  of  sderen- 
ch)mia  may  again  be  burst  open,  unless  prior  to  that  it  falls  a  victim  to  the 
formation  of  bark.  It  remains  to  mention  that  the  parenchjmiatous  pericyde, 
found  on  the  inner  side  of  the  sderenchsmiatous  pericyde  in  some  plants, 
commences  to  devdop  only  at  a  certain  stage. 

In  employing  the  pericyde  for  s}^tematic  purposes,  it  is  of  the  utmost 
importance  to  take  due  consideration  of  its  progressive  devdopment  and  of  the 
transformations,  which  it  undergoes.  The  most  valuable  feature  from  this  point 
of  view  has  proved  to  be  the  composite  and  continuous  ring  of  sderen- 
chyma,  which  is  frequently  characteristic  of  entire  Orders  or  genera. 

In  utilizing  the  pericyclic  sderenchyma  for  taxonomic  purposes  it  is,  however, 
necessarv  to  keep  in  view  its  physiological  importance  as  a  mechanical  tissue. 
Although  the  ring  of  pericyclic  sclerenchyma  does  not  occur  in  all  Primulaceae, 
it  is  neverthdess  characteristic  of  this  Order,  since  it  is  absent  only  in  those  spedes, 
which  have  no  need  of  flexile  strength  (Westermaier).  Among  the  Cucurbitaceae 
a  strengthening  ring  is  found  in  the  pericyde  only  in  those  species,  which  show  no 
growth  in  thickness.     In  succulent  plants  there  is  no  pericychc  sderenchyma. 

A  composite  and  continuous  nng  of  sderenchyma  is  found  in  the  pericyde 
in  the  following  Orders  and  genera  respectively :  I^anunculaceae  pro  parte,  Dille- 
niaceae  pro  parte,  Calycanthaceae  pro  parte,  Magnoliaceae  pro  parte,  Trochoden- 
draceae  pro  parte,  Menispermaceae  pro  parte,  Berberideae  pro  parte,  Capparideae 
pro  parte,  Violarieae  pro  parte,  Bixineae  pro  parte,  Tremandreae  pro  parte,  Vochy- 
siaceae  pro  parte,  Tamanscineae  pro  parte,  Hypericineae  pro  parte,  Guttif  erae  pro 
parte,  Temstroemiaceaepro  parte,  Strasburgeria^  Lophira,  Tiliaceae  pro  parte,  Lineae 
pro  parte,  Humiriaceae,  Malpighiaceae  pro  parte,  ^ygophylleae  pro  parte,  Gerania- 
ceae  pro  parte,  Rutaceae  pro  parte  (rare),  Simarubaceae  pro  pstrte,  Koeberlinia, 
Ochnaceae  pro  parte,  Burseraceae,  Meliaceae  (very  rare),  Oladneae  pro  parte, 
Octocnemaceae,  Ilidneae  pro  parte,  Celastrineae  pro  parte,  Hippocrateaceae  pro 
parte,  Pentaphylacaceae,  Rhamneae  pro  parte,  Ampelidaceae  pro  parte,  Sapindaceae 
(almost  always),  Hippocastanaceae,  Aceraceae  pro  parte,  Saoiaceae  pro  parte, 
Anacardiaceae  pro  parte,  Moringeae  pro  parte,  Connaraceae,  Papilionaceae  pro 
parte,  Caesalpinieae  (almost  always),  Mimoseae  pro  parte,  Rosaceae  pro  parte, 
Saxifragaceae proparte,  Hamamelideae,  Ostrearia,  Khizophoraceae  pro  parte,  Samy- 
daceae  pro  parte,  Fassifloraceae  pro  parte,  Datisceae  pro  parte,  Comaceae  pro  parte, 
Caprifoliaceae  pro  parte,  Epacrideae  pro  parte,  Myrsmeae  pro  parte,  Ebenaceae  pro 
parte,  Styraceae  pro  parte,  Oleaceae  pro  parte,  Salvadoraceae  pro  parte,  Hydro- 
phyllaceae  pro  parte,  Boragineae  proparte,  Acanthaceae  pro  parte,  Verbenaceae 
pro  parte,  lUecebraceae  pro  parte,  Pnytolaccaceae  pro  parte,  Polygonaceae  pro 
parte,  Aristolochiaceae  pro  parte,  Piperaceae  pro  parte,  Chloranthaceae  pro  parte, 
Monimiaceae  pro  parte,  Laurineae  pro  parte,  Hemandiaceae  pro  parte,  Gomorteffa- 
ceae,  Proteaceae  pro  parte,  Geissoloma^  Santalaceae  pro  parte,  Champereia,  GriMia 
pro  parte,  Euphorbiaceae  pro  parte,  Balanopseae,  Ulmaceae  pro  parte,  Flatanaceae, 
J  uglandeae  pro  parte,  Myncaceaepro  parte,  Casuarineae,  Cupuliferae,  Lacistemaceae. 

The  exact  nature  of  the  elements  composing  the  pericyclic  sderenchvma, 
and  especially  the  detailed  structure  of  the  oast-fibres  (lengui,  structure  01  the 
walls  and  lununa,  the  kind  of  pitting  S  and  the  occurrence  of  septation),  also  requires 
to  be  taken  into  account  in  systematic  anatomical  researches.  In  the  following 
cases  the  arrangement  or  structure  of  the  dements  forming  the  sclerench3rma-ring 
is  particularly  noteworthy:    in  Balanites  (Simarubac^^,   p.   185),  the  ring  of 


'  Bordered  pits  occur  on  tlie  bast-fibres  in  the  Epacrideae. 

SOLSREDER  4  ^ 
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sderenchyma  consists  of  a  ring  of  stone*cells,  at  the  inner  margin  of  which  groups 
of  bast-fibres  are  inserted;  in  certain  Calycanthaceae,  Guttiferae,  Temstroemiaceae, 
Simanibaceae  (Irvingieae),  Chrysobalaneae,  Rhizophoraceae,  Sam3rdaceae9  Salva- 
doraceae,  Monimiaceae,  Laurineae,  Hemandiaceae,  Gomortegaceae  and  Enphor- 
biaceae  the  sderenchymatous  ring  contains  stone-ceUs,  which  are  thickened  in  a 
U-shaped  manner, 

§  53.  Bast-groups  and  especially  the  Secondary  Bast.  The  struc- 
ture of  the  bast  likewise  affords  an  abundance  of  anatomical  characters.  These 
are  as  follows  :  (a)  the  occasional  prominent  demarcation  of  the  bast -groups  of 
the  individual  vascular  bundles  (their  outline  in  transverse  section  in  this  case 
resembling  that  of  a  symmetrical  trapezium,  or  being  convex  on  its  outer  side), 
a  feature  which  goes  hand  in  hand  with  the  occurrence  of  broad  primary  (cortical) 
medullary  rays,  which  often  widen  out  towards  the  exterior  to  a  marked  extent ; 
(h)  the  presence  or  absence  of  secondary  hard  bast,  which,  when  present,  is  deve- 
loped in  varying  amount  and  shows  diverse  distribution  (solitary  bast-fibres  ; 
Soups  of  bast-nbres  with  a  scattered,  reticulate  or  stratified  arrangement)  and 
fferentiation  (chiefly  as  regards  the  length,  the  appearance  in  transverse  sec- 
tion, the  mode  of  thickening,  the  thickness  of  the  walls,  the  size  of  the  lumina  and 
the  kind  of  pitting  of  the  fibres ;  the  latter  occasionally  also  septate  or  merging 
into  sderenchymatous  parenchyma)  of  its  elements ;  (c)  the  occurrence  of 
ordinary  stone-cells  or  spicular  cells  (see  {  9) ;  (d)  the  structure  of  the  sieve*tubes 
(the  width  of  their  lununa  ;  the  diverse  (ufferentiation  and  arrangement  of  the 
sieve-plates,  viz.  either  (i)  simple  sieve-plates  (i.e.  provided  with  a  single  sieve- 
area),  which  are  mostly  situated  on  horizontal  cross-walls,  or  (ii)  scalariform 
sieve-plates  (having  from  two  to  many  sieve-areas),  which  are  found  on  strongly 
inclined  division-walls,  the  latter  being  seen  from  the  surface  in  a  radial  longi- 
tudinal section,  or  (iii)  both  simple  and  scalariform  sieve-plates  side  by  side  ;  the 
occurrence  of  sieve-plates  on  the  lateral  walls ;  and  finally,  the  delicate  or  coarse 
natiu'e  of  the  pores  in  the  sieve-plates) ;  (e)  the  breadth  of  the  secondary 
medullary  rays  and  the  sclerosis  of  the  parenchyma  of  the  secondary  rays 
between  Uie  groups  of  secondary  hard  bast,  which  occasionally  leads  to  the 
formation  of  complete  sderenchymatous  rings  ;  (/)  lastly,  the  occurrence  and 
distribution  of  the  manifold  excretions  and  secretions  (see  §  13  et  seq.,  espedally 
the  occurrence  of  chambered  crystal-fibres,  bearing  solitary  or  clustered  crystals, 
i.e.  fibre-like  groups  of  cells,  with  numerous  transverse  septa,, the  individual 
chambers  containing  deposits  of  oxalate  of  lime). 

The  conditions  for  the  determination  of  many  of  these  features^  are 
frequently  very  unfavourable  in  the  case  of  herbarium-material,  which  is 
generally  alone  available  for  the  purposes  of  a  systematic  investigation,  since 
the  features  in  question  can  often  only  be  recognized,  when  the  secondary 
bast  has  attained  a  certain  degree  of  thickness.  It  is  therefore  impossible  to 
deal  fuUy  with  all  of  the  above-mentioned  characters. 

The  following  lines,  in  the  first  place,  contain  a  list  of  the  Orders  and  anomalous 
genera,  in  which,  unless  there  is  a  statement  to  the  contrary,  typical  seoondary 
hard  bast  (i.e.  composed  of  bast-fibres),  has  been  observed ;  the  Chxlers  and  genera, 
in  which  some  of  the  members  at  least  show  a  distinct  stratification  of  the  piilc^m 
into  soft  and  hard  bast,  are  indicated  by  a  * :  *Ranunculaceae,  DiUeniaceae,  *Mag- 
noliaceae,  Trochodendraceae,  *Anonaceae,  Berbehdeae,  Cruciferae,  Canellaceae, 
♦Bixineae,  Polygaleae,  Vochysiaceae  ?,  *Tamarisdneae,  *Guttiferae,  Temstroemia- 
ceae,  ^Microsemma,  ^Dipterocarpeae,  *M<moies^  Chlaenaceae,  ^Malvaceae,  •Triplo- 
chitonaceae,  *Sterculiaceae,  ^TiUaceae,  *Rhaptopetalaceae,  *Lineae,  Humixiaceae, 
^Malpighiaceae^  Geraniaceae,  *Rutaceae,  *Simarubaoeae,  *BaianiUs\  Ochnaceae, 

1  See  MoUer,  RindeDanat,  188a,  espedally  p.  4a3etaeq. ;  Lecomte,  Liber,  Ann.  tc.  nat,  s^r.y, 
t.  X,  1889,  p.  193;  Perrot,  Tiisa  crible,  These,  Paris,  1899,  343  pp.;  Hill,  Sievc-tnbei,  Annals 
of  Bot,  1903,  pp.  365-7. 

'  According  to  Van  Tieghem,  Ann.  sc.  nat,  wb.  9,  t.  !▼,  1906. 
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^Luxemburgiaceae»  Wallacea^  Burseraceae,  *Meliaceae,  Olacineae,  Octocnema- 
ceae,  Ilicineae  (rare),  Celastrineae,  *Hippocrateaceae,  *Rhamneae,  *Ampelida- 
ceae,  Sapindaceae,  Hippocastanaceae,  *Aceraceae,  Staphyleaceae,  ^Anacardiaceae, 
Connaraceae,  *Papilionaceae,  Caesalpinieae,  ^Mimoseae,  *Rosaceae,  Saxifragaceae, 
Hamamelideae,  Combretaceae,  *Myrtaceae,  Lythrarieae,  Onagrarieae,  Passifloraceae, 
*Papayaceae,  Datisceae,  *Comaceae,  *Caprifoliaceae,  Rubiaceae,  Compositae,  Erica- 
ceae, *£pacrideae,  Sapotaceae,  Styraceae,  *01eaceae,  AfXKynaceae,  Bora^neae, 
^Bignoniaceae,  Acanthaceae,  Verbenaceae,  Batideae,  *Myristicaceae,  Monimiaceae, 
Laurineae,  *Proteaceae,  *Thymelaeaceae  with  Octolepis  and  Gony stylus  (bast-fibres  in 
this  case  projecting  like  threads  of  silk  on  the  ruptured  surface,  when  the  dried 
branches  are  broken  in  two),  *£laeagnaceae,  Santalaceae,  Gtubbia,  *£uphorbiaceae, 
Buxaceae,*Ulmaceae,Cannabineae,  ^Moraceae,  *Platanaceae  (sclerotic  parenchyma!), 
*Leitnerieae,  *Juglandeae,  Myricaceae,  Casuarineae,  *Cupuliferae,  *SaJicineae. 

The  following  t3rpes  of  bast-fibres  deserve  social  mention  (apart  from  the 
special  spicular  cells  occurring  in  the  bast  of  the  axis,  and  referred  to  at  the  end  of 
{  9) :  (a)  the  long  bast-fibres,  found  in  man^rlineae  and  Urticaceae,  and  the  strikingly 
short  spindle-shaped  bast-fibres  of  Berberis  ;  {b)  the  bast-fibres  of  many  Apocyna- 
ceae  and  Asclepiadeae,  which  are  provided  with  local  enlargements ;  (c)  the  bast- 
fibres  of  certain  Vacciniaceae,  Ericaceae  and  Epacrideae  (Fig.  iii,  p.  492),  which 
bear  bordered  pits  ;  {d)  the  bast-fibres  of  many  £uphorbiaceae,  whicn  show  a  well- 
marked  stratification  of  their  wall ;  {e)  the  septate  bast-fibres,  found  in  many 
Orders  ;  and  lastly,  (/)  the  adcular  fibres  or  raphidines,  occurring  in  many  Acantha- 
ceae.  The  raphidmes  are  fibrous  cells,  which  are  of  small  dimensions  in  a  transverse 
section,  and,  fike  the  raphides  in  a  raphide-sac,  are  found  in  larse  numbers  in  long 
sac-shaped  cells  of  the  soft  bast,  from  which  they  are  originally  derived  by  cell- 
division  (Fig.  146,  p.  619).  Rod-cells,  i.e.  elongated  parenchymatous  cells,  are 
frequently  developed  in  the  bast  in  place  of  bast-fibres.  Closed  rings  of  stone- 
cells  have  been  observed  only  in  the  outermost  portion  of  the  bast  of  certain  Logania- 
ceae  (species  of  Strychnos)  and  Asclepiadeae.  The  structure  of  the  soft  bast  shows 
noteworthy  features  in  Podophyllum  (Berberideae),  in  which,  as  in  the  case  of 
Monocotyledons,  it  consists  only  of  sieve-tubes  and  companion  cells,  and  in  almost 
all  the  Gentianeae-Menyanthoideae,  which  have  characteristic  groups  of  small 
sieve-tubes,  these  groups  being  equal  in  size  to  a  single  ceU  of  the  neighbouring 
parenchyma.  Sieve-tubes  with  wide  lumina  are  found  chiefly  in  lianes,  while  in 
laticiferons  and  succulent  plants  the  sieve-tubes  are  extremely  narrow  and  insig- 
nificant. A  tendency  towards  a  collenchymatous  differentiation  of  the  soft  bast 
has  been  recorded  in  the  Caryophylleae  and  allied  Orders,  as  well  as  in  the  Pitto- 
sporeae  and  Plantagineae. 

Stratification  of  the  bast  by  means  of  tangential  layers  of  chambered  fibres 
containing  clustered  crystals  is  found  in  certam  Combretaceae,  Myrtaceae  and 
Lythrarieae. 

VI.    Anomalous  Structure  of  the  Axis*. 

i  54.  Contracted  Vascular  Systems  of  submerged  plants  and  certain 
other  Dicotyledons,  and  Dissociation  of  the  Ring  of  Vascular  Bundles. 
The  vascular  bundles,  found  in  the  different  parts  of  the  stem  of  submerged 
plants  ^  fuse  to  form  azile  stiunds,  in  which  the  individual  bundles  are 
generally  no  longer  distinguishable  from  one  another ;  the  only  known  exception 
to  this  rule  is  constituted  by  Ranunculus  aquatilis.  In  those  forms  (species  of 
Peplis  and  Elaiine)^  which  have  a  type  of  structure  not  far  removed  from 
that  normally  found  in  Dicotyledons^  a  pith  is  present  within  the  ring  of 
wood  and  bast,  while  in  Peplis^  which  belongs  to  an  Order  having  intraxylary 
phloem,  the  latter  is  likewise  found.  In  CaUUriche  there  is  a  reduced  pith, 
composed  only  of  a  small  number  of  cells,  which  subsequently  undergo  resorp- 
tion. Hippuris^  Myriophyllum^  Hottoniay  Aldrovanda  and  Ceratophyllum  do 
not  possess  a  true  pith ;   the  vascular  system  in  these  genera  is  concentric 

^  The  anomalies  prefented  by  the  stractare  of  the  root  io  part  correspond  to  analogous  features 
in  the  stem,  and,  when  this  is  the  case,  they  will  be  disctused  in  common  with  the  USter;  for  the 
remainmg  featores,  see  |  64,  p.  1168. 

'  H.  Scfaenck,  VerigL  Anat.  d.  subm.  Gew.,  Bibl.  bot..  Heft  i,  1886,  67  pp.  and  10  Tab. 
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with  central  xylem.  In  Hippuris^  Myriophyllum  and  HoUonia  the  xylem 
of  the  concentnc  vascular  strand  consists  of  an  apparent  pith  and  of  tracheae 
with  intermingled  wood*parendiyma ;  the  former  is  homologous  with  wood- 
parenchyma,  since  the  ni^t  tracheae,  which  subsequently  become  resorbed, 
develop  in  the  centre  of  this  tissue.  In  Aldrovanda  and  Ceratophyllum  (Fig. 
189,  p.  802)  the  xylem  consists  solely  of  pith-like  wood-parenchyma,  enclosing 
a  central  air-canal,  which  arises  by  the  resorption  of  a  group  of  primary  tracheae 
{Aldrovanda)  or  of  procambial  cells  devoid  of  annular  or  spiral  thickening 
{CeraiophyUum). 

Contracted  vascular  systems,  taking  the  form  of  a  concentric  vascular 
bundle  with  central  xylem,  are  found  al^  in  an  undetermined  species  of  Lei- 
phaimos  (a  saprophytic  member  of  the  Gentianeae,  see  p.  550),  in  certain 
Cuscuteae  (parasitic  forms,  see  p.  573),  and  in  Peperomia  tenera^  Miq.,  and 
Verhuellia  (Piperaceae,  the  species  in  question  being  neither  aquatics  nor 
parasites  nor  saprophytes). 

Dissociation  of  the  fibrovascular  system  and  mutual  independence  of 
the  wood  and  bast  has  been  observed  among  the  Lentibularieae  in  Genlisea 
(in  the  stem  and  peduncle),  Polypompholyx  (in  the  vegetative  and  floral  axes) 
and  Utficidaria  (m  the  axis  of  inflorescence.  Fig.  138,  p.  595) ;  the  groups 
of  wood  and  bast  in  these  genera  are  either  irregularly  scattered  or  show  an 
annular  arrangement,  the  latter  being  the  case  in  PkypompholyXy  in  which 
the  groups  of  soft  bast  are  placed  in  a  ring  and  alternate  with  solitary  vessels. 
Here  we  may  no  doubt  also  include  those  cases,  in  which  the  vascular  ring 
contains  incomplete  bundles  in  the  form  of  groups  of  soft  bast  or  (Bartonia 
vema),  in  addition  to  these,  of  groups  of  vessels  side  by  side  with  complete 
bundles  (provided  with  xylem  and  phloem) ;  this  .featiu'e  has  been  recorded 
in  certain  Cuscuteae  and  in  a  saprophytic  member  of  the  Gentianeae  (Bartonia 
vema).  We  may  finally  mention  the  anomalous  structure  of  the  stem  in  the 
anomalous  genus  Circaeaster,  which  is  appended  to  the  Chloranthaceae  in 
Bentham  and  Hooker's  Genera  Plantarum ;  the  delicate  stem  in  this  genus 
resembles  the  root  in  containing  a  diarch  vascular  system. 

{  55.  Axes  showing  Polystelic  Structure  \  Van  Tieghem  has  intro- 
duced the  term  '  stele  '  to  designate  the  ring  of  vascular  bundles,  found  in  the 
axis  of  a  normal  Dicotyledon,  together  with  the  pith  enveloped  by  the  vascular 
ring ;  so  that  the  axis  of  Dicotyledons  as  a  rule  has  a  monosteUc  structure. 
When  the  axis  shows  several  steles  in  a  transverse  section,  it  is  said  to  be 
polysteUc.  This  structure  arises  in  the  following  way.  The  vascular  system 
at  the  base  of  the  axis  is  devoid  of  a  pith ;  in  its  further  course  up  the  stem 
it  becomes  band-shaped  and  divides  by  a  median  constriction  into  two  systems  ; 
at  a  higher  point  in  the  axis  the  latter  again  become  band-shaped  and  the 
process  of  division  is  repeated,  and  so  on.  In  an  axis  showing  pol3rstelic 
structure  the  individual  steles  are  provided  with  an  endodermis  and  pericycle 
of  their  own,  while  a  pith  mayor  may  not  be  present.  In  a  transverse  section 
the  steles  are  either  irregularly  scattered  or  show  an  annular  arrangement, 
while  in  the  vertical  direction  they  anastomose  to  form  a  network.  In  some 
cases,  moreover,  they  are  fused  in  a  transverse  section  so  as  to  form  a  ring, 
which  is  interrupted  at  certain  points  (gamosteUc  structure,  in  contrast  to  the 
dialysteUc  arrangement,  in  which  the  steles  he  isolated  in  a  transverse  section). 

Whereas  polysteUc  structure  is  very  widely  distributed  in  the  axes  of 


^  Van  Tieghem  et  Donliot,  Polyst^Ue,  Ann.  sc.  nat.,  s^r.  7,  t.  iii,  1886,  p.  275,  aee  also  Ball. 
Soc.  bot.  de  France,  1886,  p.  313;  Scott,  in  Ann.  of  Bot.,  t,  1891,  p.  514;  Schoate,  Stelaitheorie, 
Grooingen  and  Jena,  190a,  175  pp. ;  [Wondell,  Stelar  theonr,  in  Mew  Phytologist,  1903,  pp.  140-4]  ; 
Schindler,  in  Engler,  Bot.  Jahrb.,  xxxiv,  1904,  Beibl.  77,  p.  67  et  seq. ;  [Hill,  Stelar  theoriea,  Science 
ProgreM,  i,  1906,  pp.  S^SM^]. 
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Vascular  Cryptogams  (among  theFems  and  mSdagineUa^  seeLeclerc  du  Sablon, 
in  Ann.  sc.  nat.,  sdr.  7,  t.  xi,  1890),  it  is  rare  among  Dicotyledons.  It  has 
been  observed  in  the  following  cases :  in  Victoria  regia  (locally)  and  in  the 
rhizome  of  certain  species  of  rfymphaea  (Nymphaeaceae) ;  in  the  nodes  of 
the  stem  of  Parnassia  (Saxifragaceae) ;  in  the  stolons  of  species  of  Gunnera 
(Halorageae) ;  in  certain  Primulaceae  (species  of  Primula^  belonging  to  the 
section  Auricula,  Fig.  115,  p.  505^  Bryocarpum  and  Dodecatheon)  and  Acan- 
thaceae  (species  of  Dianthera)^;  finally,  also  in  the  fruit-stalks  of  certain 
Guttiferae,  Temstroemiaceae,  Malvaceae,  Sterculiaceae,  Meliaceae  and  Mora- 
ceae  ■ ;  regarding  Pinguicula  (Lentibularieae),  see  p.  591  *. 

A  similar  type  of  vascular  structure,  which,  however,  does  not  fall  under 
the  heading  of  polystely  (among  other  reasons  because  of  the  absence  of  an 
endodermis  around  the  individual  bundles)  and  might  perhaps  be  described 
as  apparent  polystely,  occurs  in  certain  species  of  LeCphaimos  (Gentianeae) 
and  Christisania  (Qrobanchaceae) ;  in  these  genera  concentric  vascular  bundles 
with  central  xylem  are  found  in  the  vascular  ring.  For  a  similar  type  of 
structure,  viz.  divided  xylem-masses,  see  |  60. 

{  56.  Medullary  and  Cortical  Vascular  Bundles*.  A  considerable 
number  of  Dicotyledons  depart  from  the  ordinary  type  of  structure,  in  the 
fact  that  the  vascular  bundles  are  not  arranged  m  a  simple  ring.  In  some 
of  these  plants  there  are  medullary  bundles  or  cortical  bundles  or  both^  in  addi- 
tion to  the  normal  ring  of  vascular  bundles ;  in  other  cases  all  the  vascular 
bundles  of  the  axis  are  arranged  in  two  or  more  rings,  which  are  sometimes 
not  distinctly  marked  off  from  one  another,  or  the  bundles,  as  seen  in  a  trans- 
verse section,  he  irregularly  scattered  in  the  ground  tissue.  We  cannot  enter 
into  details  here  as  to  the  nature  (leaf- trace  bundles  or  (rarely)  cauline  bundles) 
and  course  of  these  vascular  strands.  From  the  systematic  point  of  view  the 
features  in  question  are  for. the  most  part  characteristic  of  species  only  and 
rarely  of  genera,  tribes,  or  even  Orders. 

Vascnlar  bundles,  which  are  irregularly  scattered  in  a  transverse  section  of 
the  stem  or  are  arranged  in  more  or  less  distinctly  marked  rinRS,  are  found  in  the 
following  genera  and  Orders  respectively:  Actaeat  Citnicifuga,  Thalicirum  (Ranim- 
culaceae) ;  Podophyllum  (Fig.  10,  p.  46),  Jeffersonia^  Diphylleia,  Leontice,  etc.,  see 
p.  821  ^Berberideae) ;  Nymphaeaceae  (cf.  §55);  Pa/>at;fr  (Papaveraceae^ ;  Geranium 
(Geramaceae) ;  Cucurbitaceae ;  Umbelliferae ;  Centaurea,  Scorzonera  TCompositae)  ; 
Candollea  (Candolleaceae) ;  Limnanthemum  (Gentianeae,  in  the  axis  01  inflorescence 
of  the  species  belonging  to  the  section  Nymphaeanthe) ;  Christisonia^  Conopholis, 
Epiphegus  (Orobanchaceae);  Mourera  (Podostemaceae) ;  Hydnora  (Cytinaceae,  in 
the  rhizoid-shoots) ;  Peperomia  (Piperaceae,  Fig.  169,  p.  692) ;  Myxodenaron;  Balano- 
phoreae.     See  also  the  list  of  plants  with  meduUsury  or  cortical  vascular  bundles. 

The  medullary  vascular  bundles,  as  seen  in  a  transverse  section,  are  either 
arranged  in  one  or  several  rings  or  are  irregularly  scattered ;  it  is  very  rare  to  And 
only  a  single  vascular  bundle  in  the  centre  of  the  pith.  The  medullary  bundles  are 
either  collateral  or  concentric*  in  structure  and  are  occasionally  reduced  to  small 

^  According  to  Holm,  Bot.  Gaz.  xliii,  1907. 

2  These  anomalies  should  perhaps  be  inclnded  in  the  category  of  *  divided  xylem-masses '  (see  fi  60). 

^  In  addition  to  mono-  and  polystelic  stmcture  of  the  stem  Van  Ti^hem  also  distinguishes 
'  astelic'  structure.  The  structure  of  the  stem  is  said  to  be  astelic,  when  the  vascular  system,  found 
»t  the  base  of  the  stem,  becomes  dissolved  into  individual  vascular  bundles  at  a  higher  level,  these 
bundles  showing  an  annular  or  scattered  arrangement  in  the  transverse  section  and  each  having 
its  own  endodermis  and  pericycle.  Astelic  structure  has  been  demonstrated  in :  Ranunculaceae 
(Anentpfu,  Erunthis^  Oxwraphis^  Ranunculus  incl.  Ficaria\  Nymphaeaceae,  Chelidomum  maim 
(Papaveraceae),  Bj^dlis  (Uroseraceae,  peduncle),  and  TrifoKum  (Papilionaceae). 

^  De  Bary,  Vergl.  Anat,  1877  »  J-  ^  Weiss,  Markstiindiges  Gefsissbiindelsyst.,  Bot  Centralbl., 
1883,  iii,  p.  28oetseq.;  Col,  Faisceaux  meduUaires,  Jonm.  de  bot.,  xvi,  190a,  pp.  334-55;  Col, 
~ '     ^  --    -     -'    ^     ^^  M^iiste" 


Disposition  des  faisceaux,  Ann.  sc.  nat,  s^.  8,  t.  xx,  1904,  pp.  i>288 ;  Van  Tieghem,  Miiistelet 
,  Ann.  sc  nat,  9ih,  9, 1,  i,  1905,  pp.  33-44. 
^  Mobius,  in  Ber.  deutsch.  bot.  Gesellsch.,  1887,  p.  a  et  seq. 
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groups  of  aott  bast,  bundles  of  fibres,  etc.  Medullary  bundles  showing  collateral 
structure  are  genersdl^r  normally  orientated  (i.  e.  their  xylem  lies  on  the  inner,  their 
phloem  on  the  outer  side),  but  in  some  cases  they  are  inversely  orientated  (i.  e.  the 
phloem  lies  on  the  inner  side).  The  concentric  medullary  bundles  have  either  central 
xylem  or  central  phloem.  The  apparent  bicollateral  bundles  of  the  pith  are  pro- 
duced by  the  fusion  of  the  contiguous  xylem-groups  of  two  collateral  vascular 
bundles. 

In  most  cases  the  medullary  vascular  bundles  are  of  the  nature  of  leaf-traces  ; 
for  details,  see  J.  £.  Weiss,  loc.  dt.  The  vascular  bundles  or  bundles  of  soft  bast, 
which  occur  in  the  pith  in  members  of  Orders  having  intraxvlary  phloem  and  are 
included  in  the  following  Hst,  do  not,  strictly  spealong,  belong  to  this  category 
(see  also  §  57).  Some  of  these  medullary  bundles  are  branches  of  the  intraxylary 
phloem,  situated  at  the  margin  of  the  pith,  the  primary  tracheae  occasionally 
(especially  in  the  Melastomaceae)  accompanying  the  phloem  in  its  passage  into 
the  pith  ;  in  other  cases  they  arise  from  the  intraxylary  soft  bast,  owing  to  the  fact 
that  the  cambium  of  the  latter  not  only  produces  bast  internally,  but  also  woody 
tissue  externally,  so  that  the  bundles  01  soft  bast  at  the  margin  of  the  pith  become 
transformed  into  inversely  orientated  vascular  bundles.  For  the  apparent  medul- 
lary vascular  bundles,  which  occur  in  certain  Nyctagineae,  Amarantaceae  and 
Chenopodiaceae  with  anomalous  structure,  see  §  59  fp.  11 65). 

Medullary  vascular  bundles  have  been  observea  in  the  following  Orders  and 
genera  respectively :  Ranunculaceae  (Anemone,  Delphinium^  Hydrastis^  Glaucidium) ; 
Cruciferae  (rhizome  of  the  kohl-rabi  and  of  Cochlearia  Armoracia,  concentric) ; 
Vochysiaceae  (in  Trigoniastrum,  inversely  orientated ;  phloem-bundles  in  other 
members  of  the  Order) ;  Caryophylleae  [Acanthophyllum,  inversely  orientated) ; 
StercuUaceae  (Leptanychia,  concentric  with  central  phloem);  Luxemburgiaceae 
(Godoyeae,  composed  of  vessels  and  fibrous  cells  or  of  a  phloem-group  and  fibrous 
cells);  Burseraceae  {Canarium,  inv.  orient);  Oladneae  (J odes,  inv.  orient.); 
Sapindaceae  {Toulicia,  Guioa,  and  Mischocarpus,  often  reduced  to  bundles  of 
fibres) ;  Melianthaceae  (Melianthus  and  Bersama,  concentric  with  central  phloem  ; 
sometimes  reduced  to  bundles  of  fibres,  Fig.  54,  p.  241) ;  Mimoseae  (EUphantorrhixa, 
concentric  with  central  phloem) ;  Saxifragaceae  (Saxifraga,  Rodgersia,  PelHphyllum) ; 
Melastomaceae  (very  common,  in  connexion  with  the  intraxylary  phloem  ;  occa- 
sionally reduced  to  phloem-bundles) ;  Onacprarieae  (p»hloem-bundles,  in  connexion 
with  the  intraxylary  phloem) ;  Halorageae  (Gunnera,  inv.  orient.) ;  Passifloraceae  ? 
{Passiflora  f) ;  Cucuroitaceae  (Coccinia,  Cucurbita,  Kedrostis,  Melothria,  Wilbrandia, 
inv.  orient.,  in  connexion  with  the  intrasorl.  pbL — Siolmatra,  inv.  orient.,  here  arising 
subsequently  on  the  inner  side  of  originally  collateral  vascular  bundles) ;  Begoniaceae 
{Begonia,  sometimes  concentr.  with  central  phloem) ;  Cacteae  (MammiUaria,  Echino- 
cactus,  Echinopsis,  Cereus) ;  Umbelliferae  (common,  in  part  inv.  orient.,  concentr.  with 
central  phloem  or  apparently  bicollateral) ;  Araliaceae  {Aralia  and  Arthrophylium 
with  varied  orientation  of  wood  and  bast,  Aralidium  with  bundles  of  fibres ;  for  the 
rest,  see  pp.  431,  946) ;  Compositae  (very  widely  distributed  in  the  Cichoriaceae, 
here  in  part  reduced  to  phloem-bundles ;  rare  in  other  Compositae) ;  Candolleaceae 
{Candouea,  see  above) ;  Goodeniaceae  (Goodenia,  Selliera,  Disiylis,  penetrating  into 
the  normal  ring  of  vascular  bundles.  Fig.  107,  p.  472) ;  Campanulaceae  (phloem- 
bundles  common,  in  part  at  the  margin  of  the  pith  ;  also  inv.  orient,  and  concentr. 
vascular  bundles,  the  latter  with  central  phloem);  Plumbagineae  {Statice  and 
Acantholimon,  concentr.  or  inv.  orient.) ;  Apoc3maceae  (in  Willoughbeia  and  species 
of  Apocynum  an  inv.  orient,  ring  of  vascmar  bundles,  arising  firom  the  intraxyl. 
phloem ;  not  uncommonly  also  medullary  phloem-bundles,  as  branches  of  the  intraxyl. 
phloem) ;  Asclepiadeae  (Periploca  with  formation  of  wood  from  the  cambium  of  the 
intraxyl.  phloem ;  medullary  phloem-bundles,  as  in  the  Apocynaceae) ;  Loganiaceae 
{Anthocletsta  with  medullary  vascular  bundles, — species  of  Gelsemium  and  Spigelia 
with  inv.  orient,  vascular  bundles,  arising  from  the  intraxyl. jphloem, — ^in  addition  to 
that  phloem-bundles,  as  in  the  Apocynaceae) ;  Gentianeae  {fientiana  with  medullary 
vascular  bundles  or  phloem-bundles, — in  addition  to  that  phloem-bundles,  as  in  the 
Apocynaceae) ;  Convolvulaceae  (in  Argyreia,  Erycibe,  Evolvulus,  Hewittia,  Neuro- 
pilHs,  Prevostea  and  Stictocardia  an  inv.  orient,  ring  of  vascular  bundles,  formed 
from  the  intraxyl.  phloem;  normal  medullary  vascular  bundles  in  jR»v«a);  Solanaceae 
{Anthotrocke  with  a  slight  formation  of  wood  from  the  cambium  of  the  intraxyl. 
phloem ;  medullary  phloem-bundles,  as  in  the  Apocynaceae) ;  Orobanchaceae 
lOrobanche,  Cistanche) ;  Gesneraceae  (Klugia,  Rhynchoglossum,  Monopkyllaea,  also 
the  tubers  of  Coleus) ;  Bignoniaceae  (Campsis,  inv.  orient.) ;  Acanthaceae  {Acanthus, 
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Mendoncia,  Pseudocalyx  and  Thunbergia,  inv.  orient.) ;  Verbenaceae  {TetjsmanniO' 
dendron) ;  Plantagineae  {Plantago^  cambiform-  and  pMoem-bundles) ;  Nyctagineae 
(apparent  and  ?  &ue  meduUaiy  vascular  bundles,  common) ;  Amarantaceae  (true 
and  apparent  medullary  vascular  bundles) ;  Chenopodiaceae  (as  in  the  Amaranta- 
ceae) ;  Phytolaccaceae  {Phytolacca^  concentr.  with  central  phloem) ;  Poly^onaceae 
{Rheum  and  Rumex^  inv.  orient.,  concentr.,  etc.) ;  Aristolochiaceae  {Artstolochia 
iriangulariSf  Fi|;.  167,  p.  686,  here  as  a  secondary  formation,  which  only  develops 
after  the  splittmg  up  of  the  ring  of  vascular  bundles) ;  Piperaceae  {Piper  incl. 
Heckeria  and  Macropiper,  see  Fig.  169,  p.  692) ;  Thymelaeaceae  {Aquilaria  with 
secondary  development  of  wood  from  the  serial  cambium  of  the  intraxyl.  phloem) ; 
Myzodendron  (species  of  the  section  Eumyzodendron,  Fig.  178,  p.  735) ;  Bsdanopho- 
reae ;  Euphorbiaceae  {Ricinus) ;  CupuUferae  {Alnus,  cauline  bundles,  which  are 
only  devdoped  as  an  exception). 

The  cortical  vascular  bundles^  generally  have  collateral  structure,  aQ(}  are 
then  either  normally  or  inversely  orientated ;  cortical  bundles  with  concentric 
structure  are  rare,  and  the  same  is  true  of  the  reduction  of  cortical  bundles  to 
phloem-bundles.  Cortical  bundles  have  been  found  in  the  following  Orders  or  genera : 
Ranunculaceae  {Paeania) ;  Calycanthaceae  (inv.  orient,  and  showing  secondary 
growth,  universally  distributed.  Fig.  3,  p.  25);  Cruciferae  {Eruca,  Lepidium) ; 
Violarieae  (all  Sauvagesieae) ;  Tremandreae  {Tetratheca  with  winged  band-shaped 
axes) ;  Strasburgeria ;  Dipterocarpeae  (universally  distributed) ;  Lophira  ;  Monotes ; 
Rhaptopetalaceae  (two  cortical  vascular  bundles  of  quite  general  occurrence) ; 
Lineae  {AnetUophus,  Erythroxylon) ;  Ochnaceae  sens.  str.  (universally  distributed) ; 
Luxemburgiaceae  (universally  distributed) ;  Wallacea  ;  Papihonaceae  (species  with 
decurrent  foUar  wings  on  their  axes ;  species  of  Cytisus,  Genista  and  Retama 
with  reduced  leaves  and  furrowed  stems ;  Borbania  and  Viborgia ;  Videae) ; 
Saxifragaceae  {Peltiphyllum) ;  Crassulaceae  {Sempervivunij  Sedum  and  Rochea, 
concentr.  with  central  xylem) ;  Droseraceae  {Drosophyllum,  inv.  orient.) ;  Lecythi- 
daceae  (inv.  orient,  in  the  Barringtonieae,  normally  orient,  in  the  remaining  members 
of  the  Order) ;  Melastomaceae  (common) ;  Tumeraceae  {firiaueta) ;  Begoniaceae  ; 
Cacteae  {Rhipsalis,  Lepismium,  Pfeiffera,  and  Phyllocactus,  forming  a  plexus  and 
showing  growth  in  thiclmess) ;  Ficoideae  {Mesembryanthemum,  reticulate) ;  Umbel- 
tiferae  (Mtt/inum,  Siler  and  Eryngium,  in  the  last  genus  forming  contracted  vascular 
systems  composed  of  several  bundles,  which  have  a  certain  similarity  to  the  peri- 
pheral xylem-masses  of  certain  Serjanias) ;  AraHaceae  {Oreopanax  and  the  anoma- 
lous genus  Aralidium,  see  p.  946) ;  Comaceae  (Mastixia) ;  Rubiaceae  {Sichingia) ; 
Compositae  (Achillea^  Ammobium,  Anthemis,  Atractylis,  Centaurea,  Cynara,  Gun- 
delia,  Helsnium,  Madia,  Senecio) ;  Candolleaceae  {Candollea  ?,  rightly  included  here?, 
see  p.  963,  and  }  58) ;  Campanulaceae  (species  of  Campanula,  here  concentr.  and  like 
those  of  Eryngium ;  Lobelia  Rhynchopetalum  with  concentr.  cortical  vascular  bundles, 
resembhng  those  of  a  Cycas) ;  Lennoaceae  {Ammobroma,  Lennoa) ;  Plumbagineae 
{Aegialitis,  Armeria,  Limoniastrum,  Statice) ;  Primulaceae  ('  r6seau  radicif^re '  in 
the  root-stock  of  the  species  of  Primula  of  the  sections  Auricula  and  Officinales 
and  of  Bryocarpum  and  Dodecatheon) ;  Asclepiadeae  (rhizome  of  Tylophora) ; 
Loganiaceae  {Anthocleista,  concentr.) ;  Gentianeae  (Menyanthoideae,  viz.  Limnan- 
ihemum,  Menyanthes  and  ViUarsia) ;  Lentibularieae  (root-stock  of  Pinguicula  with  a 
'r6seau  radicif^re');  Gesneraceae  {Rhynchoglossum) ;  Verbenaceae  (species  with 
winged  stems) ;  Plantagineae  (Plantago,  cambiform-bundles  and  vascular  bundles) ; 
Chenopodiaceae  (Sedsoleae  and  Salicomieae,  in  part  normally,  in  part  inv.  orient.) ; 
Polygonaceae  {Calligonum,  Fig.  162,  p.  673;  Rumex,  here  in  the  pericycle)-; 
Nepenthaceae  {Nepenthes) ;  Penaeaceae  (angles  of  the  stem  of  Endonema) ;  Bala- 
nophoreae  (see  p.  738) ;  Euphorbiaceae  {Euphorbia) ;  Buxaceae  (species  of  Buxus, 
belonging  to  the  sections  Eubuxus  and  Notobuxus) ;  Casuarineae  (Fig.  186,  p.  788). 

]^r  the  occurrence  of  sieve-tubes,  which  are  situated  outside  the  limits  o£  the 
vascular  system,  in  the  Cucurbitaceae,  see  p.  396. 

§  57.  Intraxylary  Phloem  *.    The  term  *  intraxylary  phloem '  is  here 

^  For  their  coarse,  see  especially  De  Bary  and  J.  £.  Weiss,  U.  cc. 

«  Petenen,  BicoU.  Gefassb.,  in  Engler,  Bot.  Jahrb.,  iii,  i88a,  pp.  359-400  and  Tab.  iv-viii,  see 
also  BicoU.  Karbundt,  etc.,  Diss.,  Copenhagen,  i88a  ;  J.  E.  Weiss,  Markst.  Gefassbiindelsystem, 
Bot.  CentralbL,  1883,  iii;  Solereder,  Holzstr.,  1885,  p.  27  ;  H^rail,  in  Ann.  sc  nat.,  s^r.  7,  t.  ii, 
1885,  p.  267 ;  Lamonnette,  in  Ann.  sc.  nat.,  s^r.  7,  t  x,  1890,  p.  193 ;  Scott  and  Brebner,  in  Ann.  of 
Bot,  V,  1891,  p.  259 ;  Van  Tieghera,  in  Jonrn.  de  bot.,  1891,  p.  117 ;  Perrot,  Tissn  cribW,  Thhsc, 
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taken  in  a  general  sense  to  include  those  groups  of  soft  bast,  which  are  situated 
internally  to  the  ring  of  vascular  bundles  ;  in  their  further  course  these  phloem- 
groups  bend  out  into  the  leaves  together  with  the  leaf-traot  bundles,  on  the 
inner  side  of  which  they  are  situated,  so  that  it  is  possible  to  trace  them  in 
a  corresponding  position  into  the  petiole  and  commonly  also  into  the  larger 
or  even  the  finer  veins  of  the  leaf.  The  groups  of  internal  phloeni,  moreover, 
appear  to  be  characterized  by  the  fact  that  they  are  generally  differentiated 
only  at  a  slightly  later  stage  than  the  outer  phloem-groups. 

As  a  general  rule  the  course  of  the  bundles  of  intraxylary  phloem  serves 
to  distinguish  them  sharply  from  medullary  vascular  bundles  and  medullary 
phloem-bundles.  The  medullary  phloem-bundles,  which  are  foimd  in  the 
Cichoriaceae  and  Lobeliaceae  and  which,  in  the  absence  of  an  investigation 
of  tlfeir  course,  might  be  regarded  as  intraxylary  phloem,  are  of  an  essentially 
different  nature ;  they  belong  to  the  nonnally  constructed  ring  of  vascular 
bundles  from  which  ^oups  of  phloem  bend  out  secondarily  into  the  pith  \ 

The  differentiation  of  the  intraxylary  phloem  varies.  It  either  forms 
a  rins  of  tissue  at  the  margin  of  the  pith,  or  appears  in  the  shape  of  isolated 
bundles,  which  vary  very  much  in  size  (massive  or  very  small)  and  he  opposite 
the  primary  portions  of  the  vascular  bimdles.  In  the  latter  case  the  intraxylary 
phloem  is  either  closely  apposed  to  the  xylem  of  the  vascular  ring,  the  bundles 
of  which  are  then  said  to  be  bicollateral,  or  it  is  separated  from  the  xylem 
by  one  or  more  layers  of  parenchymatous  cells.  Portions  of  the  intraxylary 
phloem  may  be  given  off  as  branches,  and  these  strands  of  phloem  are  occa- 
sionally (e.g.  in  many  Melastomaceae)  accompanied  by  the  primary  tracheae, 
so  that  phloem-bundles  or  vascular  bimdles  appear  in  the  middle  of  the  pith 
(cf.  f  56,  p.  1158).  Hard  bast  is  frequently  present  at  the  inner  margin  of  the 
internal  phloem.  In  many  cases,  moreover,  a  cambium  develops  at  the  outer 
boundary  of  the  intraxylary  phloem  ;  this  cambium  produces  secondary  soft 
bast  on  its  inner  side  and  occasionally  leads  to  such  an  extensive  increase  of 
the  intraxylary  phloem  that  the  innermost  portions  of  the  latter  become  com- 
pressed so  as  to  resemble  horn-bast.  In  a  few  cases  (in  certain  Cucurbitaceae, 
Apocynaceae,  Asclepiadeae,  Loganiaceae,  Convolvulaceae,  Solanaceae,  Thyme- 
laeaceae  ;  regarding  this  point  cf.  §  56,  p.  1158)  this  cambium  produces  xylem 
on  its  outer  side,  so  that  medullary  vascular  bimdles  with  inverse  orientation 
of  the  wood  and  bast  are  formed  ;  these  bundles  must  be  distinguished  from 
the  medullary  vascular  bundles  of  Campsis  radicans^  &c.  (see  {  56). 

Intrazylary  phloem  is  found  in  the  following  Orders,  being  constantly  present  as 
a  rule  in  those  indicated  by  a  *  :  *Vochysiaceae  (exd.  Trigoniaceae),  *Combretaceae 
(excl.  Macropteranthes  and  the  Gyrocarpeae),  *Myrtaceae  sens,  str.,  *Melastomaceae, 
*Lythrarieae  (incl.  Punica  and  Olinia),  ^Onagrarieae  (ind.  Traf>a),  *Cucurbitaceae 
(excl.  the  tribes  Gynostemmeae,  Zanonieae  ?  and  Feuilleae ;  the  intraxylary  phloem 
sometimes  arising  only  at  a  late  stage),  *Apoc3maceae,  ^Asclepiadeae,  Loganiaceae 


Paris,  1899,  p.  167;  Baranetzky,  Faisc.  bicolL,  Ann.  sc.  nat.,  s^r.  8,  t  xii,  1900,  pp.  261-322  and 
pi.  vii-x ;  Viret,  Liaisons  dn  pnloeme  m^d.,  perimM.  et  interlignenx  BYtc  le  liber  normal,  Travaux 
Inst,  bot  Univ.  Geneve,  s^r.  o,  Fasc.  vi,  1904,  100  pp. 

^  The  delimitation  of  what  is  known  as  '  intraxylary  phloem  *  from  the  gronps  of  mednllaiy  soft 
bast,  discnsKd  in  the  previous  section,  has  not  yet  been  quite  finally  accomplished,  owing  to  the  fact 
that  the  course  of  the  mtraxylary  soft  bast,  in  the  various  Orders  in  which  it  occurs,  has  not  by  any 
means  been  sufficiently  investigated  up  to  the  present.  In  the  case  of  some  of  the  Thymelaeaceae 
Van  Tieghem  has  shown  that  the  groups  of  intraxylary  soft  bast  do  not  pass  out  into  the  leaf.    The 


the  ordinary  medullary  phloem-bundles  of  the  Campanulaceae  and  Cichonaceae  (see  above).  In 
the  subsequent  list  of  Orders  having  intraxylary  phloem  these  two  cases  are  not  further  considered  for 
the  sake  of  convenience. 
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(*Loganioideae),  *Gentianeae  (excl.  Menyantheae,  for  the  apparent  exception  '  Lei- 
phaimos^'  see  jp.  994),  *Convolvulaceae  (incl.  Nolaneae  and  excl.  Huntbertia  and 
the  Cuscuteae),  *Solanaceae  (excL  Retzia),  Acanthaceae  (*Barlerieae,  Nelsonia), 
Myoporineae  (Oftia),  *Basellaceae  (correctly  included  here  ?,  intraxylary  phloem 
namely  developing  at  a  late  stage),  Polygonaceae  {Emex,  etc.,  really  intraxylary 
phloem?),  *Thymelaeaceae  (excl.  Drapetes),  *Penaeaceae,  Euphorbiaceae  (•Eucro- 
toneae  excl.  species  of  Croton  of  the  section  Astraea  ;  Alchomea^  Conceveihaj  Lept- 
doturus^  Pera,  Mallotus  pro  parte ;  Dactylostemon,  Mabea,  Senefeldera^  Sebastiania 
pro  P^te). 

The  great  systematic  value  of  the  intraxylary  phloem  is  sufficiently,  evident 
from  the  preceding  table.  Thus,  it  often  constitutes  an  ordinal  character  ;  it  is  fre- 
quently found  in  groups  of  aUied  Orders  ;  the  Scrophularineae  and  Solanaceae  are 
sharply  distinguished  by  the  absence  and  presence  respectively  of  intraxylary 
phloem,  &c. 

We  may  add  here  that  intraxylary  phloem  only  rarely  occurs  in  the 
root  (in  certain  species  of  Oenothera^  Vinca^  Strycknos  and  Chironiay  and  in 
those  Cucurbitaceae,  which  have  a  pith).  In  most  cases  we  find  the  internal 
phloem  passing  to  the  outside  (simultaneously  with  the  primary  vessels)  already 
in  the  region  of  the  h5^cotyl,  the  intraxylary  phloem  then  enteriujg  into  con- 
nexion with  the  outer  phloem  of  the  root.  In  other  cases  the  intraxylary 
phloem  is  continued  into  the  root  as  interxylary  phloem  (e.g.  in  species  of 
Oenothera^  of.  §  58,  p.  1162) 

§  58.  Interxylary  Phloem  K  The  term  '  mterxylary  phloem '  is  used 
to  denote  ^oups  of  soft  bast,  which  are  enclosed  in  the  wood  of  the  vascular 
ring;.  In  the  previous  sunMnary  (see  '  Systematische  Anatomie,'  German 
Edition,  1899,  pp.  972  et  seq.)  we  followed  the  example  of  H.  Schenck  in  dis- 
tinguishing three  types,  but  in  view  of  Leisering's  researches  these  are  better 
comprised  in  the  following  two  types.  In  the  first  type,  which  may  retain 
the  earlier  name  of  '  Strychnos-type,'  the  groups  of  interxylary  soft  bast  are 
given  off  by  the  cambium  on  its  outer  side  in  a  perfectly  normal  manner,  as  is 
generally  the  case  with  the  soft  bast ;  subsequently,  however,  these  groups 
of  phloem  become  bridged  over  by  a  cambial  arc,  which  develops  in  the  peri- 
cycle  on  their  outer  side  ;  as  a  result  of  the  activity  of  this  cambial  arc,  which 
produces  wood  internally  and  bast  externally  in  the  ordinary  way,  the  groups 
of  interxylary  phloem  become  sunk  in  the  xylem-mass.  A  modification  of 
this  type  is  found  in  the  cases  mentioned  below  as  occurring  in  certain 
Acanthaceae,  Apocynaceae  and  Bignoniaceae ;  here  the  groups  of  soft  bast 
(which  play  a  part  in  the  formation  of  the  furrows  (see  §  61)  in  the  xylem)  are 
not  embedded  in  the  wood  by  the  agency  of  new  cambial  arcs,  but  secondarily 
by  the  production  of  tissue  formed  from  a  proliferation  of  the  strips  of  cambium, 
situated  on  either  side  of  the  furrows ;  a  modification  of  the  firet  t3rpe  is  like- 
wise constituted  by  the  anomaly,  found  in  Cusctda  japonica  (see  p.  1004).  In 
the  second  type,  which  includes  both  the  other  cases  previously  distinguished, 
the  islands  of  interxylary  soft  bast  arise  by  the  subsequent  differentiation  of 
sieve-tubes  in  groups  of  thin-walled  tissue,  which  are  given  off  by  the  cambium 
on  its  inner  side,  together  with  the  secondary  wood.  These  groups  of  tissue 
are  composed  of  cells,  which  at  first  have  the  character  of  unUgnified  elements 
of  the  wood-parenchyma.  Their  transformation  into  phloem  may  commence 
at  a  rather  early  stage,  viz.  immediately  after  they  are  produced  by  the  cam- 
bium, in  which  case  the  groups  of  interxylary  phloem  may  be  said  to  be 

^  Solereder,  Holzstr.,  i885>  p.  32;  Herail,  in  Ann.  sc.  nat.,  s^r.  7,  t  ii,  1885,  p.  256; 
Scott  and  Brebner,  in  Ann.  of  bot.,  iii>  1889,  p.  275  ;  Van  Tieghem,  in  Jonm.  de  bot,  1891  ; 
Cbodat,  in  Arch.  sc.  phys.  et  nat.  Geneve,  189a,  p.  229,  and  Report  of  Congress,  Genoa,  1893, 

L144 ;  H.  Schenck,  Anat.  d.  Lianen,  1893,  p.  17  ;  Perrot,  Tissn  cribl^,  Th^,  Paris,  1899,  p.  177  ; 
isering,  Entwicklunjrsgeschichte  des  interxyl.  Leptoms  bei  den   Dicotyl.,  Diss.,   Berlin,  1899, 
50  pp.,  2  Tab.,  also  in  Bot.  Centralbl.,  1899,  iv. 
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given  off  by  the  cambium  on  its  inner  side  (i.  e.  the  Mucuna-ty^  previously 
distinguished),  or  it  may  be  postponed  until  a  relatively  late  stage  (this  being 
the  case  formerly  distinguished  as  '  development  of  interxylair  phloem  by  the 
subsequent  differentiation  of  sieve-tubes  in  islands  of  unlignined  tissue^  which 
are  situated  in  the  xylem-mass ').  These  two  cases  are  connected  with  one 
another  by  transitions,  and  it  is  only  the  extreme  forms  that  can  be  properly 
distinguished  from  each  other. 

It  may  once  more  be  emphasized  that  the  two  tjrpes  of  interxylary  phloem 
above  described  are  perfectly  different  structures.  Practical  considerations 
alone  lead  me  to  discuss  them  in  the  same  paragraph  and  to  class  them  together 
as  interxylary  phloem,  since  it  is  not  alwa}^  possible  to  determine  their  course 
of  development  in  the  material,  which  suffices  for  the  mere  demonstration 
of  the  anatomical  features  in  question ;  moreover,  the  development  of  the 
interxylarv  phloem  has  not  been  investigated  in  all  cases.  Axes  having  inter- 
xylary phloem  of  the  Strychnos-iype  are  very  closely  related  to  the  axes  show- 
ing the  anomaly  discussed  in  {  59,  in  which  successive  annular  or  arc-shaped 
Koups  of  wood  and  bast  arise  in  the  pericycle.  The  only  essential  difference 
itween  the  two  types  of  anomaUes  hes  in  the  fact  that  m  Strychnos,  &c.,  the 
successive  extinction  and  renewal  of  the  cambium  is  confined  to  very  small 
portions  of  the  original  cambial  rings,  while  in  the  second  case  it  affects  the 
entire  cambial  ring  or,  at  least,  relatively  extensive  arcs  of  cambium.  The 
occurrence  of  transitional  forms  between  the  two  kinds  of  anomalies  (see 
Hippocrateaceae)  is  in  agreement  with  this  close  relationship. 

Considered  from  the  systematic  point  of  view,  the  occurrence  of  interxylary 
phloem  is  mostly  constant  throughout  all  the  species  of  a  genus.  It  generally 
appears  already  in  the  first-formed  mass  of  secondary  wood,  and  is  consequently 
developed  in  large  quantity  in  the  branches  of  herbarium-material.  In  other 
species,  however,  it  arises  only  at  a  late  stage  and  in  such  a  case  is  not  to  be 
found  in  herbarium-material.  It  follows  that  if  interxylary  phloem  can  be 
demonstrated  only  in  some  of  the  species  of  a  genus,  when  herbarium-material 
is  being  examined,  it  need  not  necessarily  be  absent  in  the  remaining  species. 
Judging  by  the  experience  gained  in  the  investigation  of  the  species  oiSityckfios 
(see  p.  346),  it  is  far  more  probable  that  interxylary  phloem  occurs  also  in 
those  species,  in  which  it  is  not  developed  in  herbarium-material,  but  that 
it  arises  only  in  the  later  growth  of  secondary  wood.  Interxylary  phloem 
is  particularly  widely  distributed  in  genera  belonging  to  Orders,  which  are 
distinguished  by  the  possession  of  intraxylary  phloem.  The  species  provided 
with  interxylary  phloem  may  or  may  not  be  uanes.  In  those  C/rders,  in  which 
several  genera  have  interxylary  pUoem,  its  mode  of  origin,  as  far  as  the 
hitherto  published  investigations  show,  is  generally  the  same  in  all  cases. 

The  islands  of  interxylary  soft  bast  vary  in  size,  sometimes  (e.g.  in  many 
Barlerieae)  even  being  very  small ;  in  a  transverse  section  they  are  (mostly) 
rounded  or  (more  rarely)  elongated  in  the  form  of  tangential  bands  and  are 
commonly  arranged  in  concentric  rings.  The  groups  of  interxylary  soft  bast, 
found  in  Condylocarpon  (Apocynaceae,  Fig.  123,  p.  533)  and  certain  Bignonia- 
ceae,  are  peculiar  in  being  elongated  in  the  radial  direction  ;  the  development 
of  phloem-islands  in  these  cases  is  connected  with  the  formation  of  furrows 
in  the  wood  (see  above,  and  pp.  533  and  605).  Bast-fibres  are  rarely  (Aqui- 
larieae)  found  in  the  groups  of  interxylary  pUoem. 

Interxylary  phloem  occurs  not  only  in  the  stem,  but  also  in  the  root. 
The  development  of  the  interxylary  phloem  in  the  latter  conforms  to  the  same 
two  types,  as  have  been  distinguished  in  the  stem.  In  some  cases  the  islands 
of  soft  bast  found  in  the  wood  of  the  root  appear  as  downward  prolongations 
of  the  strands  of  intraxylary  phloem  occurring  in  the  stem  (cf.  §  57,  p.  1161). 

Interxylary  phloem  has  been  found  in  the  stem  or  root,  or  in  both,  in  the  follow- 
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ing  Orders  and  genera  respectively*:  Vochysiaceae  (Ensma^  subseq.  diff.) ;  Hyperi- 
cineae  (Endodesmia) ;  Malpighiaceae  (Dicella  and  SHgmaphyllon,  subseq.  diff.) ; 
Olacineae  (Sarcosiigma^  Str.-t^pe;  Chlatnydocarya) ;  Hippocrateaceae  (ScUacia, 
Str.-type,  Fig.  51,  p.  217) ;  Papilionaceae  {Dioclea,  Mucuna  and  Phaseolus,  subseq. 
diff.) ;  Mimoseae  (Entada,  subseq.  diff.) ;  Combretaceae  (Calycopteris^  Cambretum 
and  Guiera,  Str.-type;  Thiloa);  Melastomaceae  {Afemecylan,  Mouririaj  Kibessia, 
Ptemandra^  Str.-tjrpe  ;  wood  of  the  root  of  Memecylon) ;  Lythrarieae  (wood  of  the 
root  of  Ly thrum,  subseq.  diff.) ;  Onagrarieae  (wood  of  the  stem  and  root  of  Oenothera 
and  Epilobium,  and  wood  of  the  root  of  Gaura  and  Lopezia,  probably  always  subseq. 
diff.) ;  Cucurbitaceae  (wood  of  the  root  of  Cucurbita  and  Thladiantha,  subseq.  diff., 
in  part  as  a  continuation  of  the  intraxylary  phloem  of  the  stem) ;  Candolleaceae? 
{Candallea,  really  interxylary  phloem  ?,  see  p.  963  and  }  56 under  '  cortical  bundles*) ; 
Plumbagineae  (in  the  anomsdous  growth  of  the  wood  of  Aegialitis,  cf.  §  59) ;  Salvado- 
raceae  (Salvadora,  sul^eq.  diff. ;  Dobera,  Platymitium ;  wocniof  the  root  of  Salvador  a); 
Apoc3maceae  {Condylocarfon^  in  connexion  with  the  formation  of  furrows  in  the 
wood ;  Lyonsia^  subseq.  diff.) ;  Asclepiadeae  (*  Ceropegia  tnacrocarpa,*  subsea.  diff. ; 
lower  part  of  the  stem  and  root  of  Asclepias  obtustfolia,  Michx.,  subseq.  aiff.,  in 
the  root  also  as  a  continuation  of  the  intraxylary  phloem  of  the  stem ;  wood  of 
the  root  of  Asclepias  syriaca,  subseq.  diff. ;  wood  of  the  root  of  Morrenia  brachy- 
Stephana) ;  Loganiaceae  {Strychnos,  Str.-type ;  Antonia,  Norrisia,  Bonyunia, 
Logania) ;  Gentianeae  {Chironia,  Crawfurdia,  Ixanthus  and  Orphium  ;  wood  of  the 
root  of  very  9iany  Gentianoideae,  see  p.  995,  probably  in  aU  cases  subseq.  diff.); 
Convolvulaceae  (hypocotyl  of  ipomoea  versicolor,  subseq.  diff.) ;  Cuscuteae  {Cuscuia 
japonica,  see  p.  1004) ;  Solanaceae  (wood  of  the  root  of  Atropa,  Datura  and  Scopolia, 
subseq.  diff. ;  wood  of  the  root  of  Browallia) ;  Bignoniaceae  (embedded  bast-mdges 
in  Distictis,Haplolophiufn?  and  Pithecoctenium);  Acanthaceae  (Barlerieae,  in  Bar/ma 
subseq.  diff. ;  ihunbergia,  subseq.  diff..  Fig.  147,  p.  622,  sometimes  developing  from 
wedges  of  soft  bast);  Thymelaeaceae  {Aquilaria,  Gyrinops,  Gyrinopsis  and  Lino- 
stoma,  subseq.  diff. ;  Brachy thalamus,  Lophostoma,  Synaptolepis) ;  Loranthaceae 
{Nuytsia,  Str.-type) ;  Euphorbiaceae  (Dalechampia,  subseq.  diff.). 

In  connexion  with  the  groups  of  interxylary  soft  bast  of  the  second  type 
(i.  e.  those  arising  secondarily  from  groups  of  unlignified  wood-parenchjnna), 
we  may  notice  the  occurrence  of  interxylary  vascular  bundles,  showing  con- 
centric structure  with  central  phloem,  in  the  rhizome  of  Cochlearia  Armoracia 
and  in  the  roots  of  certain  other  Cruciferae  (J.  E.  Weiss).  These  bundles  take 
their  origin  from  groups  of  phloem,  which  develop  secondarily  in  the  wood- 
parenchyma  and  subsequently  become  enveloped  by  a  ring  of  cambium,  which 
gives  off  wood  on  its  outer  side. 

{  59.  Successive  Development  of  Secondary  Groups  of  Wood  and 
Bast  *.  The  development  of  successive  secondary  groups  of  wood  and  bast 
has  been  observed  both  in  lianes  and  in  non-lianes  and  is  either  characteristic 
of  species  only  or  serves  to  distinguish  genera  or  even  Orders.  The  diverse 
appearance  presented  by  the  axes^  which  show  this  anomalv,  depends  on  the 
time  at  which  the  latter  appears,  as  well  as  on  the  place  of  origin,  the  shape 
and  the  mode  of  differentiation  of  the  secondary  groups  of  wood  and  bast. 
The  formation  of  the  secondary  groups  sometimes  takes  place  at  a  very  early 
period,  while  in  other  cases  they  only  arise  at  a  very  late  stage  ;  it  is  only  in  the 
former  case  that  the  anomaly  can  be  demonstrated  in  herbarium-material. 
The  secondary  groups  of  wood  and  bast  either  form  (a)  complete  rings  (successive 
zones  of  growth),  which  are  arranged  concentrically  with  reference  to  the  ring 
of  primary  vascular  bimdles,  or  (6)  segments  of  such  rings,  or  (c)  mere  strands, 
which  occasionally  project  towards  the  exterior  in  the  form  of  weals  or  ribs. 

^  Unless  there  is  a  statement  to  the  contrary,  these  data  refer  to  the  occurrence  of  interxylary 
phloem  in  the  stem  ;  the  abbreviadons  '  Str.-type  *  (i.  e.  StrycAnos-ty^)  and  '  subseq.  diff. '  (i.  e. 
subseqnent  differentiation — at  an  earlier  or  later  stage — of  phloem  from  groups  of  thin-wi^Ued  tissae, 
given  off  by  the  cambium  on  its  inner  side)  are  used  to  indicate  the  two  chief  types.  For  details  as 
to  course  of  development,  see  the  descriptions  of  the  individual  Orders. 

*  See  especially  H.  Schenck's  '  Anatomic  der  Lianen'  (1893),  on  which  the  description  of  the 
anomalously  constructed  axes  in  the  special  part  of  this  book  is  altogether  mainly  based. 
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In  addition  to  that,  the  secondary  rings  of  wood  and  bast  or  segments  of  wood 
and  bast,  as  in  the  case  of  the  primary  vascular  ring,  either  form  closed  zones 
traversed  only  by  narrow  medullary  rays,  or  are  split  up  into  so-called  secondary 
vascular  bundles  by  broad  plate-nke  medullary  rays,  which  may  or  may  not 
be  lignified.  I  shall  return  below  to  certain  speaal  cases  presented  by  this 
anomaly.  The  place  of  origin  of  the  secondauy  groups  of  wood  and  bast 
varies.  The  secondary  meristems,  from  which  they  arise,  originate  either  in 
the  inner  cell-layers  of  the  primary  cortex  (occasionally  in  the  innermost 
(endodermal)  layer  of  the  latter)  or  in  the  parenchymatous  pericyde,  or  in  the 
phloem  of  the  original  vascular  ring.  As  a  matter  of  pactical  convenience 
the  last  two  modes  of  development  are  not  kept  distmct  in  the  following 
enumeration  of  Orders  and  genera,  which  show  this  anomaly,  since  it  is  often 
enough  (and  especially  in  the  case  of  herbarium-material)  difficult  to  determine, 
whether  the  secondary  structures  devdop  from  the  pericyde  or  from  the  outer- 
most cell-layers  of  the  soft  bast.  Nor  is  it  always  easy  to  settle,  whether  the 
pericyde  or  the  inner  layers  of  the  primary  cortex  are  the  seat  of  the  anomalous 
growth,  this  being  the  case  when  pericycUc  sclerenchyma  or  a  distinctly  diffe- 
rentiated endodermis  are  absent. 

The  point  of  origin  of  the  secondary  structures  is  generally  constant 
throughout  all  the  species  of  a  genus,  but  this  is  not  always  the  case  (see 
Forchhamtneria  and  Spathdobus) ;  in  the  same  Order  it  may  vaiy  from  genus 
to  genus,  or  may  be  identical  in  all  the  spedes  showing  anomalous  structure. 

The  development  of  secondary  groups  of  wood  and  bast  from  meristems, 
which  arise  in  a  distinct  extadasdcular  position  in  the  primary  cortex,  has  been 
observed  in  the  following  Orders  and  genera  respectivdy ' :  Menispermaceae 
(Abuta,  Anomospermum^  Fig.  8,  p.  43,  Chondrodendron^  Cocculus^  Pachygone^  Peri- 
campy ius ;  also  in  the  root  of  Ahuta^  Chondrodendran^  Cocculus^  Cissampelos 
and  Clypea) ;  Capparideae  (Cadaba,  Forchhamtneria) ;  Caryophylleae  (in  the  root  or 
also  in  the  stem  of  Spergularia  and  Polycarpaea,  Fig.  25,  p.  108  ;  here  we  may 

?robably  indude  also  the  anomaly  found  in  the  root  of  Cardta^  OrUgia^  Polycarpon^ 
*ycnophyUum,  Silene  \  Spergula  and  Stipulicida) ;  Papilionaceae  (DerriSy  Rhynchosia, 
Spatholobus,  Wistaria) ;  Cucurbitaceae  {Actinostemma,  Momardica) ;  Umbelliferae 
i^ryngium);  Compositae  (Coreopsis);  Plumbagineae  {Aegialitis^  see  {  58,  p.  1163); 
Verbenaceae  (Avicennia). 

The  development  of  secondary  groups  of  wood  and  bast  from  meristems, 
which  arise  in  the  parenchymatous  pericyde  or  (more  rarely)  in  the  bast  of  the 
original  vascular  ring,  has  been  observed  in  the  following  Orders  and  genera  re- 
spectively: Dilleniaceae  (Doiiocarpus) ;  Capparideae  (Forchham$neriay  Maerua, 
Roydsia) ;  Polygaleae  (Bredemeyera,  Comesperma,  Moutabsa^  Securidaca,  Fig.  23, 
p,  99) ;  Oladneae  (Phytocrene  with  successive  rings,  consisting  of  plates  of  wood 
and  bast.  Fig.  49,  p.  208;  Tremaiospermay  undetermined  member  of  the  tribe 
Icadneae);  Hippocrateaceae  {Salacia  with  transitions  to  interxylary  phloem, 
see  f  58,  and  Fig.  51,  p.  217) ;  Rhamneae  ?  (Gouania  ?) ;  Ampelidaceae  (Tetra- 
stigma);  Sapindaceae  (corded  xylem-mass  in  Pauilinia,  Serjania  and  Thinouia^ 
^ig*  53»  P*  235) »  Papilionaceae  (Derris  \  Machaerium,  Mucuna,  Pachyrhizus^ 
Pueraria^  Spatholobus,  Strongylodan) ;  Caesalpinieae  (Bauhinia) ;  Cucurbitaceae 
(only  in  the  root  of  Ecballium  elaterium) ;  Ficoideae  (as  far  as  is  known,  in  all  the 
woody  genera  except  Polpoda,  also  in  the  root) ;  Rubiaceae  (Chiococca) ;  Compositae 
(Mikania,  Kleinia,  Dahlia) ;  C^andolleaceae  ?  (Candollea^  really  bdongine  to  this 
category  ?) ;  Plumbagineae  (Acantholimon) ;  Convolvulaceae  (Argyreia^  CaTonycHony 
Hewittia  ?,  ipomoea,  Maripa^  Merremia,  Porana,  Fig.  130,  p.  571,  Rivea) ;  Bigno- 
niaceae  (Callichlamys,  Distictis,  Doxantha,  Glaziovia,  Haplolophium) ;  Labiatae 
(Thymus);  Nyctagineae  (quite  generally  in  the  woody  spedes.  Fig.  155,  p.  648; 

^  llie  above  data  as  a  rule  refer  to  the  stem,  except  when  there  is  a  statement  to  the  contrary ;  in 
those  species,  in  which  the  anomaly  occurs  in  the  stem,  it  is,  however,  very  frequently  found  also  in  the 
root  (for  details  on  this  point,see  thediagnoses  ofthe  individual  Ordersi  and  Schenck,  loc.  cit.,  pp.  251-6). 

'  In  Siiene  acaulis,  L.  according  to  my  own  investigation. 

'  Derris  is  included  also  at  this  point  on  the  authority  of  H.  Schenck  (loc.  cit.,  p.  176), 
who  mentions  the  *  secondary  cortex'  as  the  seat  of  the  formation  of  the  anomalous  growth. 
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als6  in  the  root) ;  Illecebraceae  (Pollichia ;  here  we  may  probably  include  the 
anomaly  found  in  the  stem  of  Cometes  and  Corti^iola,  and  in  the  root  of  Acanthony- 
chiaj  Achyronychia,  Cometes,  Carrigiola,  Dysphanta,  Hay  a,  and  Pollichia);  Amaranta- 
ceae  (of  almost  general  occurrence  in  the  woody  species.  Fig,  1 57,  p.  654,  also  in  the 
root ;  wanting  m  Achatocarpus  and  Cladoihrix) ;  Chenopodiaceae  (quite  generally 
in  the  woody  species,  also  in  the  root) ;  Phytolaccaceae  {Agdestis,  ErcUla,  Gallesia, 
Phytolacca,  Seguieria,  in  Agdestis  and  Phytolacca  also  in  the  root ;  here  we  may  prob- 
ably also  include  the  anomaly  found  in  the  stem  of  Barbeuia,  Petiveria  and  Rivina,  and 
in  the  root  of  ilniflomma) ;  Polygonaceae  (Antigonon) ;  Loranthaceae  (Loranthiis -, 
Nuytsia,  see  f  58) ;  Euphorbiaceae  {Dalechampia  and  Fragariopsis,  secondary  strands 
of  wood  and  bast,  appearing  like  ribs) ;  Buxaceae  {Simmondsia,  also  in  the  root). 

The  place  of  ongin  of  the  secondary  groups  of  wood  and  bast  in  the  axis  still 
remains  to  be  determined  in  Dalbergia  (Fapinonaceae),  Erycibe  (Convolvulaceae, 
here  developed  in  connexion  with  a  cleavage  of  the  xylem-mass),  and  in  some  of  the 
genera  of  the  Caryophylleae,  Illecebraceae  and  Phytolaccaceae  already  enumerated 
under  their  respective  Orders  in  the  two  previous  paragraphs. 

We  may  lastly  add,  that  according  to  Maheu,  the  anomalous  growth  in  the 
Menispermaceae  shows  a  varied  mode  of  development,  and  is  found  also  in 
Chasmanthwa,  *  Menispermum,*  and  Stephania  (see  p.  818);  Maheu 's  statements, 
however,  still  require  to  be  verified. 

The  structure  of  the  anomalous  growth  deserves  special  mention  in  the 
case  of  the  Sapindaceae,  Chiococca,AegiaUtis,Phytocrene,2jiAmcei\2iri  Ficoideae, 
Nyctagineae,  Amarantaceae  and  Chenopodiaceae.  The  secondary  masses  of 
wood  and  bast,  which  give  rise  to  the  corded  xylem-mass  of  the  Sapindaceae 
(Fig-  53>  P-  235),  are  always  annular  and  completely  enveloped  by  cambium, 
but  apart  from  that  they  are  either  cylindrical  or  flattened.  They  are  related 
to  the  strands  of  wood  and  bast,  which  are  found  in  Chiococca  (Fig.  102,  p.  453) 
and  which  are  likewise  provided  with  a  ring  of  cambium.  Aegialitis  is  distin- 
guished by  the  fact  that  only  one  secondary  meristem  is  formed  ;  this  produces  a 
ring  of  wood  including  large  groups  of  interxylary  soft  bast  on  its  inner  side,  but 
there  is  no  formation  of  bast  on  the  outer  side.  The  successive  rings  of  growth 
found  in  Phytocrene  are  peculiar,  owing  to  the  fact  that  they  consist  of  group 
of  wood  and  plates  of  bast,  which  alternate  with  one  another  in  the  tangential 
direction  (see  Fig.  49,  p.  208).  In  many  Ficoideae,  Nyctagineae  (Fig.  155, 
p.  648),  Amarantaceae  (Fig.  157,  p.  654),  and  Chenopodiaceae,  lastly,  the 
secondary  bundles  of  wood  and  bast  are  enveloped  by  prosenchsnnatous  inter- 
fascicular tissue,  which  is  likewise  formed  by  the  secondary  meristems ;  this 
tissue  is  sometimes  traversed  by  medullary  ra)^  or  may  include  vessels.  In 
the  Nyctagineae,  Amarantaceae,  and  Chenopodiaceae,  the  ground  tissue 
situated  between  the  primary  vascular  bundles  and  the  tissue  formed  at  the 
commencement  of  the  activity  of  the  secondary  meristem,  is  occasionally 
differentiated  like  a  pith,  and  in  such  cases  the  primary  vascular  bundles  appear 
as  apparent  medullary  bundles  (see  §  56). 

As  regards  the  composition  of  the  secondary  strands  of  wood  and  bast  we 
may  add  that  primary  tracheae  with  spiral  and  annular  thickeninc^s,  such  as 
occur  quite  generally  in  the  leaf-trace  bundles,  are  almost  invariably  wanting 
in  the  secondary  strands. 

i  60.  Compound  and  Divided  Xylem-masses  1.  Both  types  of  anomalies 
depend  on  a  special  arrangement  of  the  vascular  bundles  at  the  time  of  their 
development.  In  the  case  of  the  compound  xylem-mass,  which  occurs  in 
certain  species  of  Serjania  (Fig.  53,  p.  235)  and  PauUinia,  and  in  an  undeter- 
mined member  of  the  Leguminosae  (Fig.  62,  p.  281),  one  finds  in  addition  to 
a  central  ring  of  vascular  bundles  a  number  of  peripheral  rings  of  wood  and  bast ; 
each  of  the  latter  includes  a  pith,  is  provided  with  primary  spiral  tracheae  and 
grows  in  thickness  by  means  of  a  ring  of  cambium.    The  divided  xylem-mass 

'  Cf.  Radlkofer's  papen  dted  on  p.  336,  and  H.  Schenck,  Anat.  d.  Lianen,  1893,  p.  81  et  seq. 
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(Fig-  53»  P*  235)  lacks  the  central  ring  of  vascular  bundles  foirnd  in  the  case 
of  the  compound  xylem-mass.  It  takes  its  origin  from  a  ring  of  horseshoe- 
shaped  groups  of  vascular  bundles,  each  of  these  groups  being  open  on  its 
inner  side  and  having  a  pith,  which  in  early  stages  still  conmiunicates  with  the 
central  pith ;  subsequently,  however,  the  rings  become  closed.  A  divided 
xylem-mass  is  found  only  in  Serjania  corrugata,  Kadlk.,  and  a  few  allied  species. 
For  details,  see  p.  234. 

§  61.  Unequal  Thickening  of  the  Xylem-mass  \  Among  the  axes 
showing  anomalous  growth  it  is  usual  to  include  a  number  of  structures,  which 
appear  in  certain  hanes  (provided  with  a  normal  ring  of  vascular  bundles) 
in  the  course  of  secondary  growth,  and  which  are  generally  to  be  found  only 
in  axes  of  a  certain  degree  of  thickness  (only  rarely  occurring  in  the  branches 
of  herbarium-material).  These  anomalies  are  due  either  to  unequal  growth  in 
thickness  of  the  wood  alone  or  both  of  the  wood  and  bast.  In  the  former  case, 
according  to  the  manner  in  which  the  growth  of  the  wood  is  accelerated,  we 
obtain  axes,  which  are  flattened  or  band-shaped,  or  are  provided  with  superficial 
furrows  of  varjdng  breadth  (ribbed  or  winged  axes).  In  the  case  of  strongly 
winged  stems,  as  may  be  noticed  in  passing,  the  anomaly  occasionally  {SabiceUj 
Lantana)  leads  to  an  ultimate  cleavage  into  longitudinsu  segments,  correspond- 
ing to  the  wings.  When  both  the  wood  and  bast  show  irregular  growth  in 
thickness,  the  irregularity  is  not  noticeable — or  only  faintly  indicated--on  the 
outer  surface  of  the  axis,  owing  to  the  fact  that  at  those  points  at  which 
the  formation  of  the  wood  is  retarded,  there  is  a  corresponding  increase  in 
the  production  of  bast  on  the  part  of  the  cambium.  In  this  way  the  xylem- 
mass,  as  seen  in  a  transverse  section,  has  a  lobed  outUne,  the  furrows  between 
the  lobes  being  filled  with  phloem  in  the  shape  of  bast-wedges.  The  ring  of 
cambium  in  these  cases  is  either  continuous,  so  that  it  forms  a  complete  lining 
to  the  furrows,  or  interrupted  (Bignonieous  type  according  to  H.  Schenck  ^). 
the  cambial  tissue  being  confined  to  the  outer  side  of  the  projecting  portions  of 
the  wood  and  to  the  base  of  the  furrows  (i.e.  it  is  absent  on  the  radial  surfaces 
of  the  bast-wedges). 

Flattened  or  band-shaped  axes  have  been  recorded  in  the  following  Orders 
and  genera  respectively:  Papilionaceae  (Ahrus^  Machaerium^  Rhynchosia) ;  Caesal- 
pinieae  {Bauhtnia,  Fig.  64,  p.  290) ;  Asclepiadeae  {Ceropegia^  Ibatia^  etc.) ;  Con- 
volvulaceae  {Merremia) ;  Polygonaceae  (Coccoloha) ;  Ulmaceae  {CelHs),  Ribbed 
or  winged  axes  *,  the  outer  suriace  of  which  is  furrowed,  have  been  observed  in : 
Malpighiaceae  {Heteropteris,  Fig.  37,  p.  166) ;  Celastrineae  {Euonymus,  Celastrus) ; 
Sapindaceae  (Serjania,  Urvillea) ;  Caesalpinieae  (Bauhtnia,  FiR.  64,  p.  290,  Cassia) ; 
Mimoseae  {Acacia,  Pipiadenia) ;  Rubiaceae  (Sabicea) ;  Verbenaceae  {Lantana) ; 
Polygonaceae  {Atraphaxis,  rightly  included  in  this  category  ?).  Axes  witti  bast- 
wedges  *  are  found  in :  Anonaceae  (Melodorum) ;  Malpighiaceae  {Heteropteris,  Fig.  37, 
p.  i^,Peixotoa,Teirapteris);  ChaiUetiaceae  (CAatV/^ /f a) ;  Phytocreneae( *PAy/ocr^«*, 
*Pyrenacantha) ;  Hippocrateaceae  (spec,  indet.) ;  Rubiaceae  {Lygodysodea,  ManetHa, 
Sahicea) ;  Compositae  {*Bidens,  *Mikania) ;  Apoc3maceae  {Allamanda,  Alstonia, 
Condylocarpon,  Fig.  123,  p.  533,  Echiies,  Lyonsia,  Parsonsia,  Tabemaemantana); 
Asclepiadeae  (G>/mnema) ;  ^oragineae  (Tournefortia) ;  Convolvulaceae  (Af MTdmia) ; 
Bignoniaceae  (numerous  *Bignonieae  with  bast-wedges,  which  in  transverse  section 
are  separated  from  the  xylem-mass  by  lines,  which  are  straight  or  resemble  a  stair- 
case, Pandorea) ;  AcsLniha.ce3LQ{Afrofnendoncia,  Mendoncia,  Pseudocalyx,  Thunbergia). 

In  some  of  the  cases,  named  in  connexion  with  the  last  of  these  anomalies,  the 
subsequent  cleavage  of  the  xylem-mass  is  initiated  by  the  appearance  of  the  bast- 


^  See  H.  Schenck,  Anat  der  Lianen,  1893,  p.  15. 

'  The  formation  of  furrows  and  wings  in  plants  with  reduced  leaves  (formation  of  'micropteies* 
and  '  macropteres '  of  Briquet)  does  not  ^long  here  and  is  therefore  not  considered  at  this  point. 

'  The  occurrence  of  bast-wedges  of  the  Bignonieous  type  is  indicated  by  a  *  in  the  following 
synopsis. 
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wedges  (see  §  62) ;  in  Phytocrene  (see  §  59),  moreover,  the  development  of  successive 
zones  of  wood  and  bast  having  a  characteristic  structure,  is  combined  with  the 
anomaly  in  question ;  in  a  few  cases  {Condylocarpon  and  certain  Bignonieae),  finally, 
bast-wedges,  which  are  formed  successively  in  the  radial  direction,  subsequently 
come  to  be  enclosed  in  the  xylem-mass  (cf.  §  58,  p.  1 162). 

§  62.  Cleavage  of  the  Xylem-mass  \  Very  complicated  structures  are 
produced  by  the  cleavage  of  the  xylem-mass  of  the  stem.  It  commences 
with  the  splitting  up  of  the  ring  of  wood  into  a  number  of  separate  strands  by 
a  process  of  dilatation,  i.  e.  cell-division  in  the  parench}ana  of  the  wood,  the 
pith  and  the  medullary  rays.  Subsequently  meristems,  which  produce  wood 
and  bast,  are  frequently  developed  in  connexion  with  these  strands. 

A  cleft  xylem-mass  has  been  found  in  the  following  Orders  and  genera  respec- 
tively :  Caryophylleae  (Acanthophyllum) ;  Malpighiaceae  {Banister ia,  Mascaenia^ 
Mesia,  Stigmaphyllon,  Tetrapterys,  Fig.  37,  p.  166) ;  Sapindaceae  (Serjania,  Urviuea) ; 
Caesalpinieae  {Bauhinia,  Fig.  64,  p.  290) ;  Umbelliferae  (Azorella) ;  Asclepiadeae 
(Calotropis) ;  Convolvulaceae  {Erycibe^  Merremia) ;  Bignoniaceae  {Bignania, 
Fig.  142,  p.  606,  Doxantha,  Dolichandra  .?,  Macfadyena,  Melloa,  Parabignonia  ?) ; 
Acanthaceae  {Afromendoncia,  Mendoncia,  Pseudocalyx  P,  Thunbergia) ;  Aristolochia- 
ceae  {Aristolochia,  Fig.  167,  p.  686). 

VII.    Structure  of  the  Root. 

§  63.  General  Structure  of  the  Root  2.  The  structure  of  the  root 
in  the  Orders  of  Dicotyledons  has  not  yet  been  methodically  investigated  to 
any  considerable  extent,  because  the  requisite  material  is  generally  wanting, 
and  the  anatomical  investigation  of  the  leaf  and  axis,  which  are  more  easily 
obtained  and  show  a  greater  diversity  of  structural  features,  still  affords 
abimdant  scope  for  research.  The  more  important  characters,  to  be  taken 
into  account  in  an  investigation  of  the  root,  are  as  follows  :  (a)  the  number 
of  xylem-  and  phloem-groups  in  the  primary  fibrovascular  system  (exception- 
ally very  large, — as  in  the  case  of  Monocotyledons, — ^in  Lophira^  or  reduced 
to  a  monarch  condition  in  the  delicate  lateral  roots  of  Trapa),  a  feattire  which 
is  occasionally  of  considerable  systematic  value  (e.  g.  diarch  roots  in  the  Gen- 
tianeae-Cientianoideae,  5-9-arch  roots  in  the  Menyanthoideae),  although  some- 
times varying  within  certain  limits  in  one  and  the  same  species  ;  {b)  the  mode 
of  differentiation  of  the  secondary  xylem-mass,  the  ground-mass  of  the  wood 
being  either  (i)  unlignified  and  in  this  case  containing  vessels  only  or  vessels 
together  with  scattered  groups  of  wood-fibres,  or  (2)  lignified,  in  which  case 
it  is  composed  for  the  most  part  of  wood-fibres  ;  these  features  are  connected 
with  the  physiological  functions  of  the  root  (as  a  nutritive  or  attaching  organ, 
as  a  respuratory  root,  &c.),  and  are  therefore  subject  to  variation  within  certain 
limits  in  one  and  the  same  species  ;  (c)  the  rare  occurrence  of  hard  bast  in  the 
phloem-groups  (Anonaceae,  Malvaceae,  Sterculiaceae,  Tiliaceae,  Papilionaceae» 
Urticaceae);  (d)  the  structure  of  the  endodermis,  including  among  other 
features  the  occurrence  of  secondary  division-walls  in  this  layer  (Valerianeae, 
Compositae,  (lentianeae-Cientianoideae) ;  (e)  the  structure  of  the  hypodermal 


1  See  H.  Schenck,  loc.  cit.,  1893,  p.  23,  and  in  Pringsheim  Jahrb.,  xxvii,  1895,  p.  581. 

«  Van  Tieghem,  Traits  de  boL,  1891,  p.  673,  and  Van  Tieghem  ct  Doallot,  in  Ann.  sc.  nat., 
ser.  7,  t.  viii,  1888 ;  Knmer,  Wunelhaat,  Hypodennis  n.  Endodennis  der  Angiospermenworzel, 
Bibl.  hot.,  Heft  59,  1903,  also  Diss.,  Marburg,  151  pp.  and  6  Tab. ;  Freidenfeldt,  Anat  Ban 
d.  Wurzel,  BibL  bot.,  Heft  61,  1904,  118  pp.  and  5  Tab.  (see  also  in  Botaniska  Notiser,  1900, 
Heft  5,  and  Flora,  1903,  p.  115  et  seq.);  Leavitt,  Trichomes  of  the  root,  Proceed.  Boston  Soc.  Nat. 
Hist.,  xxxi,  1904,  pp.  373-3 '3;  Neuhcr,  Vergl.  Anat.  d.  Wnrzcln  mil  bes.  Beriicksicfatigang  der 
Heterorhizie  bei  Dicotyl.,  Diss.,  Bern,  1904,  70  pp. ;  Tschirch,  Heterorhizie,  Flora,  1905,  pp.  68-78 ; 
Biisgen,  Wurzelsysteme  einiger  dicotyler  Holzptianzen,  Flora,  1905,  £rganz.-Band,  pp.  58-94  and 
Tab.  i-iv,  cspeciaUy  p.  91. 
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ceQ-layers,  which  are  frequently  marked  off  from  the  remaining  ground-tissue ; 
(/)  the  occurrence  of  peculiar  ridge-Uke  or  otherwise-shaped  thickening  (Van 
Tieghem's  '  r&eau  de  soutien  ')  in  the  subepidermal  layer  of  cells  or  m  more 
deeply  situated  ceUs  of  the  primary  cortex  (especially  in  the  layer  of  cells 
external  to  the  endodermis) ;  (g)  the  structure  of  the  root-hairs  (branched  in 
Brassica^  Saxifraga^  &c.,  in  other  cases  grouped  together  in  tufts,  in  the 
Nymphaeaceae  originating  from  idioblasts  in  the  dermatogen) ;  (h)  the 
presence  of  secretory  organs,  their  position  with  reference  to  the  primary 
fibrovascular  system  of  Uie  root  in  some  cases  being  of  importance  in  the 
diagnosis  of  an  Order,  e.  g.  the  dorsal  position  of  the  resin-canals  with  regard 
to  the  primary  phloem-^oups  in  the  Pittosporeae,  Araliaceae  and  Umbelliferae, 
which  is  connected  with  a  doubling  of  the  usual  number  of  young  lateral 
roots,  the  endodermal  origin  of  the  resin-canals  in  the  Compositae,  &c.  (cf .  §  13 
et  seq.) ;  lastly,  (»)  the  occurrence  of  mycorrhiza  ^. 

A  strengthening  net-work  ('  rteeaa  de  aoutlen  ')*  has  been  observed  in  the 
following  Orders:  Berberideae,  Cruciferae  (Fig.  17,  p.  66),  Geraniaceae  (Fig.  39, 
p.  170),  Rutaceae,  Sapindaceae,  Papilionaceae,  Caesalpinieae,  Rosaceae,  Rhizo- 
phoraceae,  Lythrarieae  ?,  Caprifoliaceae,  Ericaceae,  Myrsineae,  Verbenaceae.  In 
the  plants,  which  form  the  landscape  of  the  mangrove,  the  ridge-like  thickenings 
are  found  only  in  some  parts  of  the  root-system,  which  is  here  adapted  to  carry  out 
diverse  functions.  Regarding  similar  thickenings  in  Acanthus  ilicifolius^  which 
likewise  grows  in  the  mangrove-formation,  see  under  Acanthaceae,  p.  1020. 

f  64.  Anomalous  Structure  of  the  Root.  The  occurrence  of  intra- 
xylarv  and  interxylary  phloem  and  of  successive  secondary  zones  of  wood 
and  bast  in  the  root  has  already  been  dealt  with  in  §§  57,  58  and  59  in 
connexion  with  the  analogous  features  foimd  in  the  stem  '.  In  this  paragraph 
a  few  other  cases  of  anomalous  root-structure  may  be  briefly  mentioned,  viz.  : 
(a)  the  development  of  concentric  vascular  bimdles  with  central  phloem  in 
the  wood  of  the  root  in  species  of  Brassica  and  Raphanus ;  (6)  the  formation 
of  concentric  vascular  bundles  with  central  xylem  or  rarely  {Drosera)  phloem 
in  the  wood  of  the  root,  which  frequently  leads  to  a  separation  of  ^e  fibro- 
vascular system  into  concentric  vascular  bundles,  arranged  in  one  or  more  rings 
(in  certain  Crassulaceae,  species  of  Drosera^  Cucurbitaceae,  Umbelliferae,  Fig.  97, 
p.  425,  Compositae  and  Convolvulaceae,  Fig.  131,  p.  572) ;  (c)  the  occurrence  of 
sinular  structures,  which,  however,  show  a  different  course  of  development,  in 
species  of  Aconitum  (Ranimculaceae) ;  (d)  the  complicated  structure  of  the  roots 
of  Myrrhis  (UmbeUiferae),  Atractylis  (Compositae)  and  certain  Convolvidaceae, 
which  is  produced  by  the  appearance  of  secondary  meristems  in  the  wood  or 
sometimes  (Convolvulaceae)  in  the  secondary  bast  and  the  formation  of 
secondary  groups  or  rings  (the  latter  occasionally  being  inversely  orientated 
in  the  three  Orders  named)  of  wood  and  bast ;  {e)  the  occurrence  of  cortical 
vascular  bundles  in  the  tuberous  roots  of  Myrmecodia  (Rubiaceae).  For 
details,  particularly  as  regards  the  course  of  development  of  these  anomalous 
structures,  see  the  descriptions  of  the  individual  Orders. 

For  a  process  of  cleavage,  which  sets  in  in  roots  and  rhizomes  in  the  course 
of  growth  m  thickness  (Ranunculaceae,  Fumariaceae,  Crassulaceae,  Gentianeae, 
Labiatae  ;  also  Plantagineae,  according  to  Pilger),  see  especially  Jest,  in  Bot.  Zeit., 
1 890,  p.  433  et  seq.  and  Tab.  vi  ;  the  cleavage  in  these  cases  is  due  to  the  removal 
of  groups  of  d3ring  tissue,  while  the  intervening  living  tissue  continues  its  growth. 


^  In  the  root  internal  development  of  the  oork  is  of  general  occurrence,  the'  outermost  oell-Uyer 
of  the  pericambium  giving  rise  to  the  first  phellogen. 

*  Van  Tieghem,  in  Ann.  sc.  nat.,  »6r.  7,  t.  vii,  i888,  p.  375. 
'  See  H.  Schenck,  Anat.  der  Lianen,  1893,  pp.  251-6. 
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DiPTEROCARPEAE  (pp.  144,  842) :  MoU  and  Janssonius,  Mikrographie  d.  Holzes, 
Heft  I,  Leiden,  1906,  pp.  343-68  (DipterocarpMS,  Vatica^  Sharea^  Hopea), — Gu6rin, 
Et.  anat.  de  la  tige  et  de  la  feuille  des  Dipterocarp.,  Bull.  Soc.  bot.  de  France, 
M6m.  II,  i<x>7.  93  pp. — Sperlich,  Opt.  Verb,  in  der  oberseit.  Blattepidermis,  Sitz,- 
Ber.  Wiener  Akad»,  CXVl,  Abt.  i,  1907,  p.  702. 

EuPHORBiACEAE  (pp.  762,  1054) :  Balfour,  Cutic.  struct,  of  Euphorbia  Abdelkuri^ 
Rep.  Brit  Ass.,  1901,  p.  854. — Woodhead,  Ecol.  of  Woodland  PL,  Journ.  Linn. 
Soc.  London,  XXXVI 1, 1906,  pp.  394-5  (Mercurialis  perennis). — ^Perrot  et  Hurrier, 
Mat.  m6d.  et  Pharmac.  sino-annamites,  pp.  104-5,  ^^  Perrot,  Travaux,  V,  1907 
(Acalypha  fruticosa^  Forsk.). — Sperlich,  Opt.  Verh.  in  der  oberseit.  Blattepid., 
Sitz.-Ber.  Wiener  Akad.,  CXVI,  Abt.  i,  1907,  p.  708  et  seq. 

GuTTiFERAE  (pp.  126,  836) :  Moll  and  Tanssonius,  Mikrographie  d.  Holzes,  Leiden, 
Heft  1, 1906,  pp.  250-82  {Garcinia,  Calophyllum), — Holm,  Garcinia  cochinchinensis, 
in  Merck's  Report,  XVI,  1907,  pp.  1-4 ;  abstr.  in  Bot.  CentralbL,  CV,  p.  39. — 
Holtermann,  Einfluss  d.  Khmas,  etc.,  1907,  pp.  1 14-15  (Calophyllum). 

Ilicineas  (pp.  209,  874) :  Th6venard,  Rech.  histol.  sur  les  ludn.,  Th^se,  Paris, 
1906,  150  pp.,  6  pi. ;  also  in  Perrot,  Travaux,  IV,  1907. — Holtermann,  Einfluss 
d.  Klimas,  etc.,  1907,  pp.  1 16-17. 

Labi  AT  AE  (pp.  641,  1023):  Kimpflin,  Affinity  des  Borafi;in6es  et  des  Lamiac6es, 
Assoc.  Avanc,  35«Sess.,  Lvon,  1906,  pp.  428-31. — Woodnead,  Ecol.  of  Woodland 
PL,  Journ.  Linn.  Soc.  London,  XXXVll,  1906,  pp.  393-4  {Lamium  GaUobdolon), — 
Holm,  Cunila  Mariana^  in  Merck's  Report,  AVl,  1907,  pp.  188-9. — Mitlacher, 
Anat.  Verh.  d.  Labiaten,  Zeitschr.  osterr.  Apoth.-Ver.,  1908,  pp.  i,  17,  $s,  45 
et  seq.  and  4  Tab. 

Leguminosae  (pp.  300,  905) :  Cordemoy,  Appareil  s6cr^t.  de  VEperua  falcata,  Ann. 
Inst.  col.  Marseille,  1906,  pp.  1-22. — Decrock  et  Ribaut,  ^pareU  s6cr6t.  du 
Vatairea  guianensis  et  du Machaeriumferrugineumz  Ann.  Inst., Marseille,  XIV,i9o6. 
— Boorsma,  Aloeholz,  Bull.  D6part.  de  TAgric.  aux  Indes  nderland.,  VII,  1907, 
7.  25  (Dalbergia), — ^Dubard  et  Dop,  £sp.  nouv.  de  Madagascar,  Bull.  Soc.  bot.  de 
■France,  1907,  p.  157  et  seq.  {Mundulea,  Chadsia), — Guttenberg,  Immergr.  Laubbl. 
d.  Mediterranflora,  in  Engler,  Bot.  Jahrb.,  XXXVIII,  1907,  pp.  423-5  (Ceraionia 
Siliaua  and  Spartium  junceum), — ^Holtermann,  Einfluss  d.  Khmas,  1907,  p.  91 
(Inaieofera  aspalathoides). — Perrot  et  Gerard,  Anat.  du  tissu  lig[neux.  Bull.  Soc. 
bot.  de  France,  M^m.  6,  1907,  43  pp.,  6  pi. — Perrot  et  Gerard,  Bois  de  diff.  esp.  de 
Legum.  Afric,  Paris,  1907,  155  pp.  and  Tab.,  in  Perrot,  Travaux,  V,  1907. — Perrot 
et  liurrier.  Mat.  m6d.  et  Pharmac.  sino-annamites,  p.  152  [Sohhora  angustifolia 
S.  et  Z.),  in  Perrot,  Travaux,  V,  1907. — Schwendt,  Extraflor.  Nektar.,  Bein.  z.  bot. 
CentralbL,  XXII,  i .  Abt.,  1907, pp.  264-9  (Acacia), — Severini,  Radici di  Hedysarum 


Ir 


coronarium,  Atti  R.  Accad.  Lmcei,  XVI,  2,  1907,  pp.  145-8. — SperUch,  Opt. 
Verh.  d.  oberseit.  Epid.,  Sitz.  Ber.  Wiener  Akad.,  CXVI,  Abt.  i,  1907,  p.  719 
et  seq. — Stscherbatscheff,  Entwicklungsgesch.  ein.  offiz.  Pfl.,  Archiv  d.  Pharm., 


1907,  p.  48  et  seq.  (Glycyrrhiza), 
LvTHRARiEAE  (pp.  373,  931):    Paschkls,  in  Zeitschr.  osterreich.  Apotheker-Ver., 
1879,  p.  433  (Lawsonia), — Blatter,  Mangrove  of  the  Bombay  Presidency,  Journ. 
Bombay  Nat.  Hist.  Soc.,  XVI,  1905,  pp.  644-56  and  pL 
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Malpighiaceae  (pp.  167,  850) :  Hartwich,  Ipecacuanhawurzeln,  Archiv  d.  Phann.» 
CCXLII,  1904,  p.  666  et  seq.  and  Tab. — ^Manmch  and  Brandt,  H$teropteris 
pauciflora,  Ber.  aeutsch.  phann.  Gesellsch.,  1904,  pp.  297-302. — Lntz,  Inuline 
dans  qn.  Malpighiac6es,  Bull.  Soc.  bot.  de  France,  1907,  pp.  449-52. — ^Dubard  et 
Dop,  Observ.  sur  I'anat.  et  les  affinity  des  Malpigh.  de  Aiadagascar,  Comptes 
rendns  Acad.  Paris,  CXLVI,  1908,  PP»  355-7' 

Malvaceae  (pp.  152, 843) :  Frommel,  Flantas  text,  chil.,  1905,  p.  33, — ^Holtermann, 


Einfluss  d.  Rlimas,  1967,  p.  14  {Durio). — Schwendt,  Extraflorsde  Nektar.,  Beih. 
2.  Bot.  CentralbL,  XXII,  Abt.  i,  1907,  pp.  254-6. — Stscherbatscheff,  Entwick- 
lungsgesch.  einiff.  offiz.  Pfl.,  Archiv  d.  Phann.,  1907,  p.  48  et  seq.  (Althaea). — Calvet, 
Hist.  bot.  des  Kapokiers,  Montpellier,  153  pp. ;  abstr.  Bot.  CentralbL,  CV,p.420. 

Melastomacbas  (pp.  368,  928) :  lidhnel,  Koric,  Sitz.-Ber.  V^ener  Akad.,  LaXVI, 
Abt.  I,  1877,  p.  6 lo*— Clark,  Sec.  thickening  in  Kendrickia  Walkeri,  Hook,  fil., 
Ann.  of  Bot.,  XXI,  1907,  pp.  361-7  and  pi. — Holm,  Morph.  and  anat.  stud,  of 
the  vegetative  organs  of  Rhexia^  Bot.  Gaz.,  XLIV,  1907,  pp.  22-33,  2  pi. 

Meliaceae  (pp.  198,  870) :  Courchet,  Katafa  {Cedr$lopsis),  Ann.  Inst. :  Marseille, 
XIV,  1906,  pp.  29-118. — Gallagher^  Root-anat.  of  the  Cuputiferae  and  of  the 
Meliaceae,  Rep.  Brit.  Ass.,  1906,  pp.  749,  750. — Radlkofer,  m  NaturL  Pflanzen- 
fam.,  Erg.-Heft  II,  1907,  p.  204  {RheHnosperma). 

Menispermaceae  (pp.  43,  818) :  Maheu,  t.U  sur  les  M6nispenn.,  Compte  rendu 
Congr^s  intemat. ,  Paris,  1 900- 1 ,  p.  2 1 8  et  seq. — ^Maheu ,  Org.  s6cr6t.  des  M^nisperm. , 
Bull.  Soc.  bot.  de  France,  1906,  pp.  65I--63. — ^Moll  and  tanssonius,  Mikrographie 
d.  Holzes,  Heft  I,  Leiden,  1906,  -pp.  173-5  {Cocctdus), — Axafft,  Syst.-anat.  Unter- 
such.  d.  Blattstruktur  bei  den  Menisperm.,  Diss.,  Erlangen,  1907, 92  pp.,  i  Tab. — 
Sperlich,  Opt.  Verb,  in  d.  oberseit.  Blattepid.,  Sitz.-Ber.  Wiener  Akiad.,  CXVI, 
Aot.  I,  1907,  p.  712  etseq. 

Myrtaceae  (pp.  357, 920) :  Hohnel,  Kork,  Sitz.-Ber.  Wiener  Akad.,  LXXVI,  Abt.  i, 
1877,  p.  611  et  seq. — Baker  and  Smith,  Australian  Melaleucas,  Proc.  Roy.  Soc. 
New  S.  Wales,  1906  ;  authors'  abstr.  in  Bot.  CentralbL,  CIV,  p.  662. — Guttenberg, 
Immergr.  Laubbl.  d.  Mediterranfiora,  in  Engler,  Bot.  Jahro.,  XXXVIII,  1907, 
p.  432  {Myrtus  italica), — Kramer,  Mikr.-phsum.  Beitr  Diss.,  WurzburR,  1907, 
p.  16  (EiAcalyptus), — Solereder,  Deckhaare  der  Pimeutfruchte  u.  der  Myrtac. 
uberhaupt,  Axchiv  d.  Phann.,  CCXLV,  1907,  pp.  410-14. 

Oleaceae  (pp.  525,  982) :  Alquati,  Studi  anat.  e  morf.  suU'  Ulivo,  Atti  Soc.  Lip^*"' 
Sc.  nat.,  1906,  pp.  128-48. — Guttenberg,  Immergr.  Laubbl.  d.  Mediterrann.,  m 
Engler,  Bot.  Jsmrb.,  XXXVIII,  1907,  pp.  435-40  (Olea  europaea  and  Phillytea 
laUfolia). — Lingelsheim,  Vorarb.  zu  einer  Monogr.  d.  Gatt.  Fraxinus,  in  Engler, 
Bot.  Jahrb.,  XL,  1907,  pp.  193-5. — Schwendt,  Extraflor.  Nektar.,  Bot.  CentralbL, 
XXII,  Abt.  I,  1907,  pp.  259-61. 

Onagrarieae  (pp.  375,  932) :  Hohnel,  Kork,  Sitz.-Ber.  Wiener  Akad.,  LXXVI, 
Abt.  I,  1877,  p.  609. — Blatter,  Pectinate  organs  of  Trapa  bicamis,  Joiun.  Bombay 


Nat.  Hist.  Soc.,  XVII,  1906,  pp.  84-8  ;   abstr.  in  Bot.  CentralbL,  CIV,  p.  467. 
IPERACEAE  (pp.  694,  1038):    Schurhofi,  Ozellen  u.  Lichtkondensator 
Peperomien,  Beih.  z.  Bot  CentralbL,  XXIII,  Abt.  i,  1908,  pp.  14-26, 


PiTTOSPOREAE  (pp.  94,  831J :  Gueuot,  t,t,  anat.  des  Pittospor.,  Thise,  Paris,  1906, 
78  pp. — ^Moll  4  Janssonius,  Mikrogr.  d.  Holzes,  Heft  i,  Leiden,  1906,  pp.  223-32. 

PoLVGALEAE  (pp.  100,831):  Moll  and  Janssonius,  Mikrographie  d.  Holzes,  Heft  i, 
Leiden,  1906,  pp.  232-9  {Xanthophyllum), — Holm,  Polygala  Senega,  in  Merck's 
Report,  XVI,  1907,  pp.  155-7. 

PoLYGONACEAE  (pp.  674, 1034) :  Porsch,  Spaltofiuungsapp.  submers.  Pflanzenteile, 
Sitz.-Ber.  Wiener  Akad.,  CXII,  Abt.  i,  1903,  p.  128  (Polygonum  amphibium). — Goris 
et  Cr6t^,  Rhubarbe  de  Chine,  BuU.  sc.  pnarmacoL,  1907,  pp.  93-104 ;  also  in 
Perrot,  Travaux,  V. — Goris  et  Cr6t6,  Polygonum  cuspidatum,  S.  et  Z.,  Bull.  sc. 
Pharmacol.,  1907,  p.  698  etseq. ;  also  in  Perrot,  Travaux,  V. — ^Maheu  et  Combes, 
Format.  sub6ro-pnelloderm.  anorm..  Bull.  Soc.  bot.  de  France,  i907»  P-  434 
(Rumex), — J.  Schuster,  Polygonum  lapathifolium,  Mitteil.  bayer.  bot.  Gesellsch., 
II,  n.  4,  1907,  p.  50  et  seq. — Schwendt,  Extraflorale  Nektar.,  Beih.  z.  bot.  Cen- 
tralbL, XXII,  Abt.  I,  1907,  pp.  249-53  and  Tab.  IX  (Polygonum,  MuMenbeckia), 

Primulaceae  (pp.  506,  976) :  Ricome,  Auricule,  Comptes  rendus  Acad.  Paris, 
CXXXIX,  1904,  pp.  468-70. — Hildebrand,  Die  Cyclamen-Aiten,  Beih.  z.  bot. 
CentralbL,  XXII,  Abt.  2,  1907,  p.  143  et  seq.  and  Tab.  II. 

Ranunculaceae  (pp.  19,  806) :  Drobnig,  Wurzelknollen,  Diss.,  Rostock,  1892, 
pp.  10,  39  and  62  et  seq.  (Ficaria,  Aconitum,  Paeonia). — Tonkoff,  Blattstielan-r 
schwell.  von  Attagene,  B^r.deutsch.  bot.  Gesellsch.,  1894,  p.  40  et  seq.^-Goris  et 
Wallart,  Hydrastis  canadensis.  Bull.  sc.  pharmacoL,  1906,  p.  624  et  seq.  ;  also  in 
Perrot,  Travaux,  IV. — Haberlandt,  Sinnesorg.,  2nd  Edition,   1906. — ^Herriott, 
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Leaf  struct..  Trans.  New  Zealand  Inst.,  XXXVIII,  1906,  p.  Z77  ^  seq. — ^Holm, 
Anat.  method,  Americ.  Tourn.  of  Pharm.,  1907,  p.  $9. — ^Hoim,  Aconitmn  vmcifuaum^ 
in  Merck's  Report,  XVI,  1907,  pp.  65-7  ;  abstr.  m  Bot.  Centr^bL,  CV,  p,  239.  ~ 
HQlm,i4ii«moii«//a<A4i/t^ofies,Spach,  ' 
*-Kramer,  Blikr.-pbarm.  Beitr., 
Hurrier,  Mat.  m6a.  et  Pharm. 

Kbamnsab  (pp.  221,  889) :  Holm,  CMnoihus  am^ricanus,  Americ  Joiuii.  of  Sc, 
XXII,  1906,  pp.  523-30. — ^Tichomiiow,  Inclusions  intracelL  de  la  feuille  du 
Nerpnin  purgatif,  Comptes  rendus  Acad.  Paris,  CXLIII,  1906,  pp.  922-4. 
— Guttenberg,  Immergr.  LanbbL  d.  Mediterranfl.,  in  Engler,  Bot.  Jahrb., 
XXXVIII,  1907,  p.  426{RhamHus  Alatemus). 

ROSACBAB  (pp.  309, 908) :  Hdhnel,  Kork,  Sitz.-Ber.  Wiener  Akad.,  LXXVI,  Abt.  i^ 
1^779  P<  <x)6. — ^Drobnig,  WurselknoUen,  Diss.,  Rostock,  1892,  p.  68  {Spiraea 
Filipsndula),^^Mikoscht  Kirschrammi,  Sitz.-Ber.  Wiener  Akad.,  CXV,  Abt.  i, 

1906,  |>p.  911-61. — Kramer,  Mikr.-pbarm.  Beitr.,  Diss.,  WOrzburg,  1907,  p.  22. 
— ^Viguier,  Anat.  dn  Geum  rivale.  Revue  ff^n.  de  bot.,  XIX,  1907,  pi>.  221-5. 

RUBIACBAB  (pp.  454,  951):  Hartwich,  fpecacnanhawurzeln,  Archiv  d.  Phaim.,. 
CCXLII,  1904,  pp.  649-74  and  2  Tab. — ^Herriott,  Leaf  structure.  Trans.  New 
Zealand  Inst.,  XxXVIII,  1906,  p.  377  et  se<). — ^Holm,  Anat.  stud,  of  N<Mth 
Americ.  represent,  of  C^halanihus^  Oldenlandta^  Houstonia,  Mitchella^  Diodia, 
and  Galium^  Bot.  Gazette,  XLIII,  1907,  pp.  153-86,  3  pL 

RuTACBAB  (pp.  182,  857) :  Holmes,  A  new  var.  of  Bucnu  leaves,  Pharm.  Tourn., 

1907,  p.  598. — Holtermann,  Einflnss  d.  Klimas,  1907,  p.  106  (Feronia), — Kramer,. 
Mikr.-pbarm.  Beitr.,  Diss.,  Wurzburg,  1907,  p.  9  (Barosma}. 

Sapotacbab  (pp.  515,  980) :  Perrot,  Jje  Karit6,  I'Argan  et  qu.  auties  Sapot.,  in 
Perrot,  Travaux,  V,  1907. — Sperlich,  Opt.  Verb,  in  d.  obeiWit.  Blattepidermis, 
Sitz.-Ber.  Wiener  Akad.,  CXVl,  Abt.  i,  1907,  pp.  704-6. 

Saxifragacbab  (pp.  319,  911) :  Hdhnel,  Kork,  Sitz.-Ber.  Wiener  Akad.,  LXXVI, 
Abt.  I,  1877,  p.  607. — Hamilton,  West  Austral,  pitcher-plant  (Cephalotus  foUicu- 
laris)f  Proc.  Linn.  Soc.  New  S.  Wales,  XXIX,  1904,  pp.  36-53,  pL  I,  II ;  abstr.  in 
Just,  i$K>5,  II,  p.  18. — ^Montemartini,  Asddi  anomali  nelle  foglie  di  Saxifraga 
crassifoliaf  Atti  1st.  bot.  Pavia,  1904. — Rosendahl,  Die  nordammk.  Saxifra^^nae, 
in  Engler,  Bot.  Jahrb.,  XXXVII,  Beibl.  n.  83,  1905,  p.  23  et  see. —  Eichinger, 
Vergl.  Entwicklungsgesch.  von  Adoxa  u.  Chrysospientum,  Diss.,  Munich,  1907* 
27  pp. ;  also  in  Mitteil.  Bayer,  bot.  Gesellsch.,  1907. — Kudelka,  Anat.  comp. 
d'org.  v6g6t.  des  Groseilliers,  Bull,  intemat.  Ac.  Sc.  Cracovie,  1907,  I. 

SoLANACBAB  (pp.  582,  1007) :  Terras,  Relat.  betw.  lenticels  and  adv.  roots  of 
Solanum  Dulcamara^  Trans.  Bot.  Soc.  Edinburgh,  1900,  pp.  341-53- — Wallis, 
Struct,  of  Capsicum  minimum^  Pharm.  Joum.  London,  1901,  pp.  552-7. — Chrysler^ 
Strand  plants,  Bot.  Gazette,  XXXVII,  i904,p.46i  (So/ofium). — Stscherbatscheff» 
Entwicklungsgesch.  einig.  offiz.  Pfl.,  Archiv  d.  Pharm.,  1907,  p.  48  et  seq.iAtropa). 

Tbrnstrobmiacbab  (pp.  135,  839) :  Moll  and  Janssonius,  Mikrographie  d.  HoLzes, 
Leiden,  Heft  i,  1900,  pp.  282-342  (Temstroemia,  Adinandra,  Eurya^  Saturauja, 
Schifna,  Pyrenaria^  Goraonia,  Haemocharis,  Camellia). — ^Pilger,  in  Naturi.  Pflan- 
zenfam.,  Erg.-Heft  II,  1907,  p.  226. 

Tbymblabacbab  (pp.  721, 1045) '  Nitsche,  Beitr.  z.  Kenntnis  d.  Gatt.  Daphne^  Diss., 
Breslau,  1907,  34  pp. 

Trbmandreab  (p.  96) :  Van  Tieghem,  Qu.  rem.  sur  les  Tremand.,  Ann.  sc.  nat., 
s6r.  9,  t.  iv,  1906,  especially  pp.  378-82. 

Umbelliferae  (pp.  426,  941) :  Drobnig,  Wurzelknollen,  Diss.,  Rostock,  1892,  p.  22 
et  seq.  {Oenanlne). — Schinz,  Beitr.  z.  afrik.  Flora,  Bull.  Herb.  Boiss.  1894,  pA.  4 
(Piluranthos),  —  Porsch,  Spaltofinungsapp.  submers.  Pflanzenteile,  Sitz.-Ber. 
Wiener  Akad.,  CXII,  Abt.  i,  1903,  pp.  112  and  114  {Oenanthe  aquaHca), — ^Tun- 
mann,  Kristalle,  Pharm.  Zeit,  1905,  pp.  1055-7. — ^Herriott,  Leaf  struct..  Trans. 
New  Zealand  Inst.,  XXXVIII,  19015,  p.  377  et  seq. — Hurrier  et  Perrot,  Ginseng, 
Bull.  sc.  pharmacoL,  1906,  p.  664  {Angelica) ;  also  in  Perrot,  Travaux,  IV. — 
Woodhead,  Woodland  PL,  Joum.  Linn.  Soc.  London,  XXXVII,  1906,  pp.  391, 
392  {Heracleum  Sphandylium). — ^Maheu  et  Combes,  Format.  sub6ro-phelloderm. 
anorm..  Bull.  Soc.  bot.  de  France,  1907,  p.  432  {Thapsia), — Perrot  et  Hurrier,. 
p.  160  {Angelica  polydada) ;  in  Perrot,  Travaux,  V,  1907. 

Vacciniaceae  (pp.  479,  969) :  Woodhead,  Ecol.  of  Woodland  PI.,  Joum.  Linn. 
Soc.  London,  JCXXVII,  1906,  pp.  387-91  {Vaccinium  Myftillxis). 

Papers  dealing  wOk  a  number  of  Orders  or  with  definite  anatomical  features.  Hill,  Sieve- 
tubes  of  Angiosperms,  Part  I,  Ann.  of  Hot.,  XXII,  1908,  pp.  245-90.— One,  Some  extra- 
nuptial  nectaries,  Joum.  Coll.  Sc.  imp.  Univ.  Tokyo,  XXIlf,  1907,  28  pp.  and  3  pi.— Holl- 
stein,  Vergl.  Anat.  d.  Stengel  u.  Rhiz.  von  dicotylen  Alpenpflanzen,  Diss.,  Gottingen,  19Q7. 
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Acanthaceae6i3,  1018. 
Aceraceae  238,  891. 
Amarantaceae  651,  1027. 
Ampelidaceae  221,  889. 
Anacardiaceae  244,  893. 
Ancistrodadus  143,  841. 
Anonaceae  34,  810. 
Apocynaceae  528, 983, 
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[The  main  object  of  this  glossary  is  to  give  a  synopsis  of  the  chief  terms  used  in  anatomical 
description  (indnding  a  considerable  number  used  in  this  work  for  the  first  time)  together  with 
their  German  eqniyalents.  A  few  definitions  are  supplied,  bat  more  generally  a  reference  is  giren  to 
a  page  in  the  Concluding  Remarks  or  in  the  main  portion  of  the  book,  on  which  the  term  in  ques- 
tion will  be  found  to  be  more  or  less  fully  explained.  The  glossary  may  also  serve  as  a  rough 
index  to  the  Concluding  Remarks^  and,  with  this  object  in  view,  rather  more  terms  have  been 
included  than  would  have  been  necessary  solely  for  the  purposes  of  the  glossary.  In  a  few  cases, 
where  the  English  and  German  terms  are  practically  identical,  the  latter  have  been  omitted. 

F.  E.  FwTSCH.] 


AbieHform  hairs  (i.  e.  hairs  branched  like  a  fir- 
tree),  Tannenbaumhaare  (p.  iiaa). 

Acarodomatia  (p.  113a). 

^aVWar^fyj/a/ryKiistfldlniidelchen,  nadeUormige 
Kristalle  (pp.  1104, 1106);  acicular fibres  {ra^ 
phidines\  Nadelfasem  (p.  1155). 

Active  cells  (of  the  pith),  Aktive  Zellen  (p.  1133). 

Adjacent  cells  (of  stomata),  Nacbbarzellen  (see 
neighbouring  cells), 

Airenchyma,  Aerenchym  (p.  11 50). 

Air-canal^  asr-passage^  Luftgang ;  air^pores  (  a> 
stomata),  Luftspalten. 

Alumina-bodies^  Tonerdekdrper  (p.  1 109). 

Ampulliform  (depressions,  &c.,  i.  e.  sudi  as  are 
shaped  like  a  flask),  krugformie. 

Ancnor-hairs  (cf.  p.  3^9),  Ankerhaare  (p.  11 17); 
anchor-like  shaggy  hairs,  Ankerzotten» 

Annual  rings  (in  the  wood),  Jahresringe  (pp. 

ii3<5,  II37)- 
Annular,  ringfbrmig,  ringartig;  annular  tra- 

cheides  (i.  e.  provided  with  annular  thickenings), 

Ringtracheiden. 
Anthocyanin,  Anthocyan  (p.  1074). 
Antler-like,  antler-shaped  (generally  applied  to 

trichomes),  hirschgeweihartig,  geweihutig. 
Apical  pores  (of  water-plants),  Apikaloftiungen 

(see  p.  1086). 
Apiculus^  Spitzchen. 
Apparent   medullary  bundles,  scheinbar  mark- 

standige  Gefassbiindel  (p.  1165). 
Appendicular  ridges  (of  stomata),  Anhangsleisten 

(see  horns)  (p.  1083). 
Aqueous  tissue,  Wasseigewebe  (see  pp.   1077, 

1087). 
Arcs  (of  fibres,  &c.),  Bogen ;  arc-shaped,  arched, 

bo^^formig;  arched  outwards,  vorgew&lbt. 
Arm-palisade-cells,  Armpallisadenzellen  (see  p. 

1087)  J   arm-portion    (of    two-armed    hairs), 

Armteil. 
Articulated,  abgegliedert,  gegliedert;  articulated 

hairs  (cf.  p.  351),  Gliederhaare. 
Ascidia,  ascuH/orm  leaves,  Schlauchblatter. 
Astely,  Astelie  (p.  11 57,  footnote). 


Attenuated  (i.e.  gradually  drawn  out  into  a 
points  applied  to  hairs),  sich  ^erjungend,  aa^ 
lanfend,  veijiingt. 

Auricles, Otaibesi;  auricuH/orm  (i.e.  ear-shaped), 
ohrchenartig.  ^^ 

AxicU  wood,  Axiales  Ho^z  (p.  1145). 

B 

Back-cavity  (of  stomata),  Hinterhof  (p.  108 1). 
Band^haped    {Jlaitened)     axes,    bandlormige 

(abgeflachte)  Axen  (p.  11 66). 
Barbed  hairs  (cf.  p.  379),  Widerhakenhaare ; 

barbs,  Widerhaken. 
Bark,  Borke  (p.  1147). 
Barrel-shaped,  tonncaiifdrmifi;. 
Bars  (the  persistent  portions  in  a  scalariform 

perforation),  Speichen. 
Base  (Joot)  of  hair,  Haarfuss  (pp.  1091, 1124) ; 

base  of  shaggy  hair,  Zottenfuss. 
Basin,  Napf  (applied  to  part  of  the  complicated 

secretory  cells  of  Mapnoliaceae,  Canellaceae, 

&c.,  see  p.  1096) ;  bastn^shaped,  schalenfoxmig, 

schiisselformig. 
Bast  fibres,  Bast&sem  (p.   115a);   bast-groups, 

Bastteile  (p.  11 54);  bast-wedges^  Basdceile  (p. 

Bays  (of  undulated  walls),  Buchten. 
Beam^like,  balkenaitig ;  transzferse  beams,  Quer- 

balken ;  beams  of  cellulose,  ZeUstoffbalken. 
Bellows-like,  blasebalgartig. 
Bicollateral  bundles  (p.  1160). 
Bifacial  (structure  of  leaf),  bifadal,  bifazial  (see 

p.  1086). 
Bilobed,  zweiknopfig,  zweilappig. 
Bladder-hairs^  Biasenhaare  (p.  11 16);  bladder^ 

like,  blasig ;  raised  like  a  bladder,  blasig  ab- 

gehoben ;  swollen  like  bladders^  blasig  aufge- 

trieben. 
Botryoidal  (l  e.  shaped  like  a  bunch  of  grapes^, 

traubig. 
Bracket' cells^  Klammerzdlen  (p.  1100)  ;  Bracket- 

epithelium,      Klammerepithel      (p.      iioo); 

Bracket-hairs,  Klammerbaare  (pp.  1 1 1 7, 1 1 19) ; 

bracket-shaped,  klammeraztig. 
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Brick'likey 

Bristle,    Bonte ;    Mstle-Aairs,    Bontenhaare : 

bristU-like,  bontig,  bontenibrmiir. 
Brush-ikapedy  pinselioniiig ;  brusk-Uki  shaggy 

kairsj  raielzotten. 
Bulbous  hairs,  ZwiebeUuuue  (p.  i  lao) ;  Mbam 

and  swollen,  zwiebelig  angoichwouen. 


CaldficaiioH,  Verkalkung  (p.   11 11);  caicified, 

verkalkt. 
CallasUy,  Scfawiele. 
Cambiform  Uramds  (pp.  1 158, 1 1 59),  Cambiform- 

biindeL 
Candelabra-hairs,  KandeUberhauc  (pp.  iii5) 

1 1 19,  1 1 33);  candelabra-hairs  of  the  shaggy 

type,  KandeUbereotten  (p.  11 33). 
Caoutchouc  bodies,  KaatBchnkkdiper  (p.  1109). 
Capitate,    kopfig,    kopfiR>niiig»   kopCchoiaitig ; 

capitate  hasrs  (i.e.  nain  ending  tn  a  swollen 

head),  Kopfchinihmre  (see  p.  11 19  and  under 

gUmdklar  hairs). 
Caps  ^cellulose,  Cellnlosekappen. 
Cartilaginous,  Imorpelig. 
Cauline  (bundles,  i.  e.  bundles  belonging  to  the 

stem  only),  stammeigen. 
Cell'/usions,  Zellfnsionen. 
Cellular  prominences^  2^11hocker,  Zellhiigel. 
Cellulose,    ZellstofF;    Cellulose-caps,   see    under 

caps',  strands  {beams)  of  cellulose,  Zellstoff- 

balken. 
Centric  (leaf-structure),  centiisch  (see  pp.  1083, 

1086). 
Chalh'^lands,  KalkdrQsen  (see  pp.  1086,  1138, 

1 133). 

Chambered,  gekammert ;  one-,  twO',  many -cham- 
bered, ein-,  zwei-,  vielkammerig;  chambered 
^fibres  {chambered crystal Jibres),  Kammerfasem 
(KrysUllkammerfasem)  (p.  11 54);  chambered 
crystal-faronchyma  (chambered  parenchyma 
oontainmg  crystals),  Krystallkammerparen- 
chym(pp.  1 108, 1 143). 

Characteristic  region  (of  the  petiole),  'carac- 
t^riMique '  (p.  1094). 

Chimney  (applied  to  stomata),  Kamin  (p.  1085). 

Clavate,  see  club-shaped. 

Cleavage  (of  xylem-mass),  Zerkliiftung,  Spaltung 
(pp.  1 166,  1 167,  1 168). 

C^  xylem-mass,  serkliifteter  Holzkorper  (p. 
1 167). 

Climbing  hairs,  Klimmhaare  (p.  1 1 17). 

Closed  (applied  to  pericyclic  strengthening  ring 
and  vascular  ring),  geschlossen  (p.  11 53); 
closing  membrane  Tof  stomata),  Schliesshaut. 

Clothing  hair,  Decknaar  (p.  11 15  et  seq. ;  of  a 

'  papulose  or  vesicular  type,  p.  1 1 16) ;  clothing 
membrane  (of  intercellidar  spaces),  Haut- 
ansklddung;  clothing  shaggy  hairs,  Deck- 
lotten  (p.  1 1 33). 

Chdh^haped,  clavcUe,  keulenformig. 

Clusters,  Dfusenkorper ;  clusttred  crystals,  Dru- 
aen,  Krystalldrusen  (pp.  11 04,  1105);  hairs 

,  containing  clustered  crystals  (cf.  p.  740), 
Drusenhaare. 

CoUicttng^eUs,  Sammelzellen  (see  p.  1087). 

Collenchyma,  Kollenchym  (p.  11 50). 

ColUters  (i.e.  large  hairs  secreting  mucilage 
and  found  on  buds),  Colleteren. 


Columstar,  sanlenfdrmig,  saulenaitig;  columnar 

crystals  (Le.  styloids\  Saulenkristalle  (p.  1 104). 
Combined  clothing  astd glemdular  hairs  (p.  1 1 35, 

footnote). 
Commissures,  Konunissoren ;  commissural  sieve- 
tubes   (cf.    p.   396),  Kommismalslebrohren ; 

commissmal  strands  (cf.  p.  443),  Strangver- 

binduagen. 
Compartmonts  (of  a  palisade-oell,  etc),  Facher. 
Complemontary  cells  (of  a  lentioel),  Fiillzellen 

(p.  1 149). 
Component  hairs  (of  tufted  hairs,  ftc.),  Teilhaare. 
Composite  (applied  to  pericyclic  strengthening 

riog),  gcmischt  (p.   1153);   composite  {com- 

poStnd)  xylem-mass,  snsammengesetzter  Holz- 

kdrper(p.  1165). 
Compound  xylem-mass,    see    composite  xylem- 

tnass;  compound  chtkitsg  hears,  zosammen- 

gcMtite  Deckhaare. 
Concrescent,  verwachsen. 
Conical,  kegeUSnni^. 

Conjugate  cells,  conjugierte  Zellen  (see  p.  1087% 
Conjunctive  tissue  (i.  e.  that  between  and  on  the 

inner  side  of  the  vascular  bundles  of  the  stele), 

Zwischengewebe. 
Connecting  tissue  (in  the  veins),  Begleitgewebe 

(p.  1089). 
Constriction,  Elnscfaniirung. 
Containinf»<ells    (of    cystolitht),    Triigerzellen 

(see  HtMocysts), 
Contents  (of  a  cell),  Inhaltskorper. 
Continuous  (applied  to  pericyclic  strengthening 

ring),  kontinuierUch  (p.  1153). 
Contorted  (applied  to  hairs,  ftc),  gewunden ; 

irregularly  contorted,  krans  gebogen. 
Contracted  vascular  ^sterns,  kontiahierte  Leitbun- 

delsysteme  (p.  1155). 
Corded   xylem-mass,    nmstxickter    Holzkorper 

(p.  1 165). 
Core  (of  a  shaggy  hair,  ftc.),  Kern. 
Corh,  Kork  (p.  XI46) ;  corh-warts,  Koikwarzen 

(p.  "33). 

Coronate  (applied  to  papillae),  mit  Kroncfaen 
versehen. 

Cortical  vascular  btuuBes,  rindenstiindige  Gelass- 
biindel  (p^  1159). 

Crachs  due  to  drying,  Trockeniuse  (p.  1088). 

Craieriform,  becheHormig ;  crater^orm  gUmdSy 
Beehexdriisen  (cf.  p.  770). 

Crenate  (margin  of  shield  of  peltate  hair), 
ansgerandet 

Crescent-shaped,  sichelfdrmig. 

Crests  (on  cuticle,  guard-cells,  ftc),  Kamme 
(pp.  1073,  1085);  crest-Hhe,  kammaitig. 

^Crtstargue*  (see  p.  1090);  ^  cristarque*^ells, 
Cristarque-Zellen  (see  pp.  1091  and  1151). 

Crof-httirs,  Kropfhaare  (see  pp.  557, 558)  ;  crop- 
Ithe,  kropfartig. 

Cruciate,  lueuzformig. 

Crypts  (stomatal),  &yuten  (see  p.  1084). 

Crf //tf/-<»/&,Kiistellzelien ;  crystal-congiomtrates, 
Kristallconglomerate ;  crystal-hairs,  Kristall- 
haare  (pp.  1107,  11 18);  crystals  of  gypsum, 
GipskrisUlle  (see  p.  1076) ;  crystal-receptacles, 
Kristallbehalter  (p.  1107);  crystal-sacs,  Kri- 
stallschliiuche ;  crystal-sand,  Kxistallsand  (pp. 
1 104,  1 106);  crystal-scUrenchyma,  Kristall- 
sklerenchym  (see  pp.  1091-3,  iioy). 
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Ciystailim  granults.  KiistaUkonchen. 

Crysiaihids,  Kristalloide  (p.  1108). 

CMcmlUU$t  kappenlbrmig. 

Curly  ^applied  to  trichomas),  krans,  krisp. 

Curved  (applied  to  lateral  walk  of  epidermal 
cells  in  nirlaoe-view),  gebogen  (p.  1070). 

Cuticular  beads,  CtiticiilarperTcii ;  (10106)  cuti- 
cular  crofwn  (of  papillae),  CnticDlarkroiichen 
(kc  pb  1073) ;  cuticular  crtUSj  Cnticiilar- 
kiunme  (see  p.  1073);  cuticular  e^ktHumt 
Cnticiilarepitliiel  (p.  11 49):  cuticular  layers^ 
Cnttcnlaxschichten  (p.  107a) ;  cuticular  ptp^ 
Cnticalariapfen  (p.  107a) ;  cuticular  pr§jec' 
tiom^  Cnticiilarvorspriinge ;  cuticular  ri^^, 
CvtJcnlarkisteii  (p.  107a). 

Cystclithsy  Cystolithen  (p.  mi);  cystcHthic^ 
cystolithisch ;  ^steHth-ltke,  cystolithenafanlich ; 
rfj/a/fM-^^/r^,Cy8tolithciizeIlen ;  cystclitk-body, 
C jstollthenkdrper ;  cystolith'Jbrmatians,  Cysto- 
UUwalNldiiD0en ;  cystolith-kair^  Cystolithen- 
haar,  cystolitliische  Haare  (p.  1 1 1 1). 

Cystospheres^  Cystospbiiicn  (p.  11 13). 

CystdyUs  (i. e.  iinca£Bified  cystdUths),  (pp.  1 1 1 1, 

D 

Dtlimited,  abgegrenzt 

Dendriform    (applied    to    hairs),    banmarti^; 

brauched  in  a  dendritic  manner^  banmartig 

verzweigt. 
Dendrcidy  bamnaitig ;    Dendroid  hairs,  Baum- 

haare,  banmartig  verastelte  Haare  (pp.  1118, 

1 11^). 
Denticulate  (of  perforations),  gezahnelt. 
Depressed^  vertieft,    eingesenkt;   depression  (of 

guard-cells,  &c.)»  Vertiefung,  Einsenknng  (p. 

1085). 
Dialystelic  (p.  1156). 

Digestive  glands^  Digestionsdrflsen  (p.  1130). 
Digitate^  nngerlbrmig. 
Dilatation  (f.  Ji6'^), 
Disc,   Scheibe ;   disc-shaped,  discoid,  scheiben- 

formig ;  discoid  glands  (cf.  p.  770),  Scheiben 

driisen. 
Dissociation  (of  the  yascnlar  system),  Zerspal 

tnng,  AufloBong   (des  Leitbiindelsystems)  (p. 

"56). 
Distorted  forms  (of  scalariform    perforations), 

Kriippeiiormen  (p.  1137). 
Dvvidea  xylem-mass^   geteilter  Holzkorper  (p. 

1 1 65);  ^f9irfVif-wa//r,  Teilwande. 
Dome-shaped,  knppNcnionnig. 
Doubling,  duplication  (of  epidermis,  hairs),  Ver- 

doppdung;  double  cystoliths  {twin-cystoliihs), 

Doppelcystolithen  (p.  ma). 
Durnhbell-shapedf  hantelformig. 


Endodermis,    Schutzscheide,    Phloeoterma    (p. 

1151). 
Entocyclic  sieve-tubes  (tL  p.  396). 
Epi-endodermal  network  (e£  p.  6Q, '  r^scan  8ii»- 

endodcrmiqne.* 
Epitkema^  Epithem  (p.  1086). 
Excrescence,  Wnchenmg. 


Ectocyclic  sieve-tubes  (cf.  p.  396). 

Eisodial  ridges  (i.  e.  on  the  outer  surface  of  the 

guard-cells),  Eisodialleisten. 
Elevations  of  the  cuticle,  Kutikularerhebungen ; 

elevation  (of  stomata),  Emporhebnng  (p.  1 084). 
Emarginate,  ausgebnchtet 
Embedded  (of  veuis),  eingebettet  (p.  1089). 
Empfy  cells  (of  pith),  leere  Zcllen  (p.  1133). 
Encircled  stomata  (cf.  p.  350),  umkranzte  Spalt- 

ofinungen. 


Excretion  efwax,  Wachsanasdieidnng  (p.  107a) ; 

excretory  receptacles^  Exkietbehalter  (p.  1095). 
External  glands ,  Aussendnisen  (p.  1134);  ex- 

temal pore  (of  stomata),  Zttfiihrungwpalt. 
Extraflwal    {extranupticU)    nectaries,    extras 

nuptiale  Nektarien  (p.  113a). 


Facets  (of  crystals),  Flachen. 

FcUse pitting  (of  epidermal  cells),  Scheintiipfelnng 

(p.  107  a);  false  scales  (cf.  p.  380),  Schein- 

schiilferchen. 
Fat  bodies,  fatty  bodies,  Fettkdrper  (p.  1 109). 
Felted  hairs,  ¥i\xhuixe;felt-liJle,  filzig. 
Few-barred  (applied  to  scalariform  perforations), 

armspangig,  wenigspangig. 
Fibre-like,  fibrous,  fisseraitig ;  fibrous  cells,  Fastr- 

zellen. 
Filamentous,  filiform,  fadeniormlg,  fadenartig. 
Fission,  Zerkluftung    (see  cleavage);  fissured, 

zerkliiftet. 
Fissures  due  to  dryings  Trockenrisse  (see  cracks 

due  to  drying), 
Fistular  (applied  to  the  pith),  rohrig. 
Flagelliform  (of  hairs),  peitscheniormig. 
Flea-armed  (applied  to  cells  of  the  spongy  tissue) , 

flacharmig  (p.  1087) ;  flatfy  arched,  ilachge- 

wolbt ;  flattened  axes,  see  under  band-shaped. 
Flexile  strength,  Biegun^sfestigkeit. 
/7tc/6«-f«// (of  anchor-hairs,  cH  p.  a  71),  Zinken- 

zelle. 
Foot  (of  a  hair),  Haarfuss  (p.  1134). 
Foraminate    perforations,    Locherperforationen 

(p.  1138)- 
Forked  hairs  (cf.  p.  63),  Gabelhaare;  forked 

shaggf  hairs,  Gabelzotten  (p.  112^  \  forked 

^cmds,  Gabeldriisen  (p.  1138}. 
Friable,  krumos. 

Front  cavity  fof  a  stoma),  Vorhof  (p.  1081). 
Funnel-cells,  Trichterzellen  (see  p.  1087). 
Fuffuraceous  (scurfy,  applied  to  hairy  covering), 

Furrows  (in  the  xylem^nass),  Furchen  (p.  1 166)  ; 
furrowed  xylem-mass,  geifurchter  Holzkorper 
(p.  1166);  furrowing  (of  the  xylem-mass), 
Furchung. 

Fusiform,  spindelig,  spindelformig. 


Gamostelic  (p.  1 156). 

Gelatinization,  Verschleimung  (pp.  1074, 1150)  ; 
gelatinized,  verschleimt. 

Gelatinous  layer  (of  wood-prosenchyma),  Gal- 
lertschicht  (pp.  1141,  1143) ;  ^latinous  mem- 
brane (of  wood-prosenchyma),  Gallertmem- 
bran. 

Geniculate  (of  crystals,  i.e.  bent  like  a  knee-joint), 
peknickt. 

Girder-sclerenchyma,  Tragersklerenchym ;  I- 
shaped  girders,  l-TiHger ;  girder-she^ped^  tra- 
gerlormig. 
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GirdU  (of  nUidiarjr  odlt),  GMe) ;  girdle-like^ 

girdU'shaped,  giirtelformig. 
Gland,  Driite ;  giand-iike^  driiseDartig. 
Glandular  apfaraius  {mechanism),  Drasenap- 

pant ;  —  due,  Driksenicbeibe ;  —  efiikeHum, 

brilsenepithel ;    —  hairs,   Drtiaeohure    (p. 

1124);  — Uitf-teeth,   driiaige  BUttzahnc  (p. 

1130) ;  —  scales,  Dxitoenachappen ;  —  shaggy 

hears,  DrUieiizottai  (p.  1 1 39);  —  spots,  Drtisen- 

flecke  (p.  1 131). 
Gnarled  (of  spicnlar  cells),  kaorrig. 
Granular  (applied  to  the  cntide),  kornig  (p. 

io'^i);ginanulated,  kmmos  (applied  tocqrstaU\ 

gekorat ;  granulalion  (of  the  cnticle},  Kome- 

lung. 
Grooved  xylem-mass,  wtt furrowed  xyUm-mass, 
Ground'mass,    ground-work    (of    the    wood), 

Gnindmasee  (p.  xi4i). 
Gummosis  (p.  iioi). 
Gum-resin,  Gammihan, 
Gypsum-crystals,  Gypikristalle  (p.  1076);  gyP' 

sum-spheres,  Gyptkngeln  (cf.  p.  73}. 

H 

Hair,  hase  (Joot)  of,  wtt  under  B;  hair-cells, 
Haaraellen ;  hair-cystoliths,  Haarcystolithen 
(p.  Ilia);  hair-like,  haarartig;  hairy  cover- 
ing, Behaanmg  (p.  1114  et  aeq.)* 

Heart-wood,  Keniholz  (p.  1136). 

Helicoid  (applied  to  shape  of  cystoliths),  schne- 
ckenformig. 

Hemiconcentric  bundles  (of  the  petiole),  'Fai- 
sceaux  hdmioonoentriqnes '  (Bonygnes)  (see  p. 
1094). 

Hemitropic  crystals,  Hemitropieen. 

Heterogeneous  (applied  to  the  pith),  heterogen 
(p.  1 1 34). 

Hinge-cell  (of  hairs,  a^c),  Gelenkselle. 

Hifpocrepiform  (Le.  horseshoe-shaped),  hufeisen- 
lormig. 

Homogeneous  (stmctnre  of  the  leaf,  see  pp.  1083, 
1086),  homoeen ;  hotnogeneous  (pith,  1.  e.  one 
consisting  of  empty  or  active  cells  only), 
homogen  (p.  1 1 34). 

Hood-like,  kapozeniormig. 

Hook,  bent  Ule  a  (applied  to  hairs,  &&),  haken- 
fonnig  gekriimmt ;  hooked  hairs,  Hakenhaare 
(p.  1 1 17);  hook-shaped,  hakenformig. 

Horitonial  (affiled  to  cells  of  meduUary  rays), 
liegend(p.  1144). 

Horns  (equivalent  to  outer  appendicular  ridges 
on  guard-cells),  Homer,  Homchen  Tp.  1083)  ; 
horn-bast  (Le.  groups  of  thickenea  and  ob- 
literated sieve-tubes),  Hombast ;  horn,  curved 
like  a,  homidnnig  gekriimmt. 

Humps  (projections  on  cell- walls),  Bnckeln; 
hump,  projecting  like  a,  buckelformig  vor* 
springend. 

Hydathodes  (i.  e.  special  organs  excreting  liquid 
water),  Hydathoden  (p.  1076). 

Hypoderm  (p.  1076). 

Hysterolysigenous,  hysterolysigen. 


In  crusting,  krastig. 

Incurved  ^outlines  of  cells),  gebuchtet ;  incurved 
(tipsof  leaves),  eingebogen. 


Indupiicate  (margins  of  leaves),  nach  oben  eln* 

geschlapn. 
InejueUitus,  irregularities  (of  the  catide^  ftc.\ 

Unebenbdten. 
It^ltration  (of  silica,  &c  in  cell-walls),  Einla- 

gemng. 
/n^Wd^a  (margins  of  leaves),  eingeschlagen. 
Initial  region  (of  petiole),  Initiue  (p.  1094). 
Integumental  glaneU,    Hautdriisen  (p.    xia8); 

integumenUu    {integumentary)    tissue    (te. 

epidermis  and  hypoderm),   Havtgewebe  (p. 

io74\ 
Interfoliar  sides  (see  p.  207),   Zwischenblatt- 

seiten. 
Intermediate  bundles,  Zwiaehenbiindel ;  ^fibres, 

Ersatsfasem  (p.  11 35,  footnote) ;  —  tissue  (» 

conjunctive  tiinie),  Zwischengewebe. 
Internal  glands,  innere    DriiMn,    Innendrusen 

(p.  1095  et  seq.) ;  intomeU  glandular  hairs, 

innere  Driisenhaaie  (p.  1096) ;  internal  hairs 

{trichoblasts),  innere  Haare  (pp.  1091, 109a)  ; 

internal  srft  bast,  innerer  Wdchbast  (p.  1 159); 

internal  striation  (of  epidermal  walls},  innere 

Streilttng  (p.  107  a). 
Interrupted  (applied  to  ting  of  pericyclic  scleren- 

chyma),  nnterbrochen  (p.  115a). 
Interwoven  like  felt  (of  hairs),  filzig  verflochten. 
Interxylary  pkwem,  holzstiindiges  (interxylares) 

Phloem    (p.    1x61);    interxyliuy    vascular 

bundles,  holzstandige  Gefassbundel  (p.  1163). 
Intracambial  {i,  t.  on    the  inner  side   of   the 

cambium,  see  p.  113^ 
Intramedullary  (bandies,  cf.  p.  587),  intxmme- 

dullaxe  (Bundel). 
Intramural gUmds  (cC  pp.  354,  486),  Zwischen- 

wanddriisen  (p.  1 100). 
Intrtucylary  (L  e.  on  the  inner  side  of  the  xylem) 

phloem,  ftc,  intraxylares  Phloem  (p.  1 159)9 

Inverse  ofientation,  umgekehrte  Orientierung. 
Involuted  (of  glandular  hairs),  eingeroUt. 
Irregularities,  see  inequeUities, 
Islands   of  soft  bast    (applied    to   interxylary 
phloem),  Weichbastinseln  (p.  1161). 


Jagged  crown,  small  (at  the  end  of  a  leaf-papilla), 
zackiges  Kronchen;  jagged  prominences, 
Zacken ;  fagged  margins  (of  epidermal  cells, 
shields  of  peltate  hairs),  gexackte  Rander. 

Joint  (of  hairs),  Gelenk ;  joint-cells  (e.g.  of 
sympodial  hairs),  Gliederzellen  (p.  1 1  ao). 


A^nobs  (on  cuticlei  walls  of  hairs.  Sec),  Knotchen ; 
knob-like,  knopfartig,  knotchenartig ;  knob- 
shaped,  knopf (ormig ;  knobs  due  to  hairs, 
Haarknotchen  (pp.  i  no,  i  n  i). 


Laciniae  (of  leaves,  ftc),  Lactnien,    2apfel ; 

glandular  laciniae,  Driisenzipfel  (cf.  p.  337) ; 

laeiniate  (divided    into  narrow  loba),  «r- 

schlitzt. 
Lacunar  (applied  to  spongy  tissue,  ftc),  IQcidg, 

lakunod. 
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Zi^gen^prm,  fluchenformig. 

Lami/loj  kamng  the/ortn  of  a,  lamellenibmiigi 
lappenformig ;  lamellaiea  (composed  of  thin 
plates^,  bliitterig,  geschichtet ;  lamillated  cork, 
Lameilcnkork  Jf,  1148);  transverse  lameUa- 
iioHy  QnerlameUiermig  (cf.  p.  532). 

Lash'Hke,  pfriemlich. 

Latex-rece^aeleSf  Milchsaftbehiilter  (pp.  1096, 
iioa,  1103);  huex-sacs  (» latldferons  sacs), 
Milchsaftschlanche  (pp«  1096,  1097). 

Laticiferous  canals,  Milchsaft^ange  (cf.  p.  41a) ; 

—  ceiis  {nan-artuuiaied  lattci/erous  tubes)  ^  un- 
gegUederte  Milchsaftrohren  (p.  1  loa) ;  —  fuUrSj 
MUchsafthaare  (pp.  1 1 1 7, 1 1  a6) ;  —  iar5»milch- 
saftfUhrende  Zellen,  Milchsaftzellen  (pp.  1096, 
1097) »  "  tubesy  Milchrohren,  Milcbsaitrohrai ; 

—  vessels  [articulated latidferous  tubes),  geglie- 
derte  Milchsaftrohren  (p.  1103). 

Layers  of  mucilage  (subepidermal),   Schleim- 

scfaichten  (p.  1088). 
Lenticels  {cortical  pores),  Lentizellen  (Rmden- 

poren)  (p.  1149). 
Ltnticulttr  (i.e.  lens-shaped),  Unsenfdrmig. 
Lefidts  (small  scales,  q.v.)« 
Lxbriform  tissue  (i.e.  composed  of  narrow  cells 

with   thick  woody  walls),  libriformgewebe 

(p.  ii35»  footnote). 
Lid-cells  (of  glands,  e.g.  p.  585),  Deckelzellen. 
Lignified lamella  (in  wall  of  guard-cells),  Holz- 

lamelle  (p.  io8a). 
LigulcUe  (i.e.  tongue-shaped),  zungeniormig. 
Lithocyst  (i.e^  the  cell  containing  a  cystolith) 

Lithocyit,  Tragerzelle  (p.  iiia). 
Lobed  xyUm-mass,  gelappter    Holzkorper   (p. 

1166) ;  lobe-like,  lappenartig,  lappenformig. 
LocuH  (of  chambered  crystal-fibres,  see  under 

chambered),  Pacher. 
Longitudinal  fission  (of  the  stem  in  anomalous 

growth),  Liingsspaltung  (p.  1166). 
Loose  (applied  to  spongy  tissue),  locker. 
Lower  scale    (of  peltate   hairs,   &c.),  nnteres 

Schiilferchen  (p.  11  ai). 
Lumps  (on  oell-walls,  &c.),  Hocker. 
Lyrate  (applied  to  shape  of  two-armed  hairs), 

lyraartig  gestaltet. 

M 

Ma(formed,distorted  (jiafoTA'don^,  Kriippelfor- 
men  (p.  11 37);  maffbrrued  stomala,  verbildcte 
Spaltoffnnngen  (p.  11 10). 

Malpighian  hairs  (i.  e.  two-armed  hairs,  q.  v.), 
Malpighische  Haare. 

Mammtform  (Le.  teat-shaped),  mammilliform  ^ 
zitzenfbrmig. 

Many-^uked  (applied  to  anchor-hairs),  mehr- 
zinkig. 

Marginal-bast,  Randbast  (p.  1090);  marginal 
pits,  KandtUpfel  (p.  107  a). 

Marking  (of  the  cuticle),  Zeichnung  (p.  X071). 

Mechanical  support  (of  a  stem,  ftc.),  Festigung. 

Medullary  bundles,  &c.»  markstiindige  Biindel 
(P*  <'57)>  &c. ;  medullary  ro^i,  Markstrahlen 
Tp.  1143);  meduUaty  sheath  (i.e.  tracheides 
fonning  a  circle  round  the  periphery  of  the 
pith),  Markscheide;  medullary  roy-paren- 
chymay  Markstrahlparenchym ;  medullary 
tissue,  Markgewebe  (p.  1133). 

Membrane-mwilage,  Membraiischleim  (p.  1098). 


Membranousy  hautig. 

Mesh'like  spaces  (in  the  spongy  tissue,  cf.  p. 

3a9),  Maschenraume. 
Metairacheal parenchyma  (p.  1 143). 
Middle  It^r  (of  leaves  and  glands),   Mittel- 

schicht  (p.  1087). 
Monoclimc   crystals,    monokline    Kristalle   (p. 

1 104). 


Monostelic  (p.  1156). 

Morulose  glamb  (cf.  p. 

Mucilage-cancds,  Schleimgiinge  (p.  1009) ;  -cam- 


Morulose  glamb  (cf.  p.  748),  Maulbeerdriiaen. 


ties,  Scfaleimlvlcken  ^p.  1099) ;  -^^,Schleim- 
zellen  (p.  1098) ;  -gtands,  Schleimdriisen  (pp. 
Iia8,  1 1 33);  -hairs,  Schleimhaare  (pp.  1127, 
iiaS);  Scunae  (cf.  p.  75a),  Schleimlakunen  ; 
'     -pores  (cf.  p.  336),  Schleimspalten. 

Mucilaginous  epidermal  cells,  verschleimte 
Epidermiszellen  (p.  1074) ;  mucilaginous  cells, 
verschleimte  Zellen;  mucilaginous  cork, 
Schleimkork  (p.  1148). 

Multiple  crystals  (cf.  p.  95),  Verwachsungen 
von  Einzelkristallen. 

Multiseriate  (i.  e.  composed  of  several  rows  or 
layers  of  cells),  mehrzellreihi^  (applied  to 
burs),  mehrschiuhtig,  mehrreihig  (applied  to 
medullary  rays,  epidermis,  &c.). 

Muriform  parenchyma  (i.  e.  made  up  of  brick- 
shaped  cells,  cf.  p.  68aV  Mauerparenchym. 

Myrosin-cells,  Myrosinzeilen  (p.  1097). 

N 

Neck-cell  (of  hairs,  cf.  pp.  553,  585),  Halszelle  ; 

neck-fortion  (of  glands,  cC  p.  387),  Halsteil. 
Nectartal  glands,  Nektardrtisen  (p.  11 31) ;  nect- 

arial  spots,  Nektarflecke  (p.  113a). 
Nectaries,  Nektaricn  (p.  11 30). 
Neighbouring  cells  (of  stomata),  Nachbarzellen 

(p.  1078). 
Nodose,  nodular  (applied  to  thickening),  knotig. 
Non-articulaied,  ungegliedert. 
Nuclear   crystaQoias ,    Zellkemkrystalloide   (p. 

1109). 

O 

Obconical,  verkehrt  (umgekehrt)  kegelfbrmig. 
Oblate-spherical,  abgefli^t  kugelig. 
Octahedral  crystals  (p.  1 104). 
One-armed  hairs,  dnarmige  Haare  (pp.  11 18, 

1 119);  one-sided  zones  0/  growth  (cf.  p.  608), 

einseitige  Zuwachszonen. 
Opaque  dots  (in  the  leaf),  undurchsichtige  l*unkte 

(p.  1099). 
Open  secretory  cavities,  ungeschlossene  Sekrct- 

lucken  (p.  iioo). 
Openings  (equivalent  Xo  petf orations,  q.v.). 
Orifice,  ostiole  (of  a  nectary,  ^c.)»  Miindung, 

Oiitium. 
Outer  respiratory  cavity  (of  stomata]",  aussere 

Atemhdhle  (p.  1085  >. 


Palisade-flands  (cf.  p.  306),  Pallisadendnisen. 
Panduriform   (biscuit  -  shaped,  fiddle -shaped), 

biskuitfbrmig,  eeigenformig. 
Papilliform  (applied  to  hairs  >,  papillenartig. 
Papillose  differentiation  (of  the  epidermis  of  the 

leaf),  papillose  Ausbildung  (p.  1073). 
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Farairackial parettchyma  (p.  1 143). 
ParenckymO'She^h  (of  vdni),  Pamcfaynucheide 

(p.  1089). 
Parenchymatous  peruyth  (p.  115a). 
Partial  bands  (of  spliml  thickenine),  Teilbiinder. 
Paieliifarmy  becherfdnnig ;  pateliiform  gUmds, 

Schuueldriisen  (cf.  pp.  60a,  604). 
Pearl-giands^  Perldriuea  (pp.  iia6,  1139). 
Pedestal  (of  a  hair),  Pottamcnt,  Sockel. 
Pegs,  Zapfen;  peg-like,  zapfmiutig;  peg-shaped, 

zapfenfennig. 
Pellucid  dets,  pellocide  Pimkte  (p.  1096) ;  pel- 

lucidf  waBtemdl. 
Peltate,9dh!lldt&rmg ;  ^glands,  Schllddraien  (p. 

iia8)  ;  —  hairs  {scales ^  Upides),  Sdiildhaare 

(pp.  1115,1118, 11x9,  iiao);  — scala,SdtLvX' 

ferchen ;  false  peltate  scales^  ScheinacbQlfei^ 

dies. 
Pemcillaie  (applied  to  hain),  pinielibnnig. 
Perforations,  Perfomtionen,  GetassperforationeD, 

DmchbrecbttDgen  (p.  11 37). 
Periaxial  wood,  periaxialet  Holz  (p.  1 145). 
Pericycle,  Pcricykel  (p.  115a). 
Perimedullary,  i.e.  In  the  otitennoit  zone  of  the 

pith. 
Petiolar  glands,  Blattstieldriiien  (p.  X131). 
Phelloderm  (p.  1 149). 
Phdloid'ceUs,  Phelloidzellen  (p.  1148). 
Phloem-islands,  Phloeminseln  (p.  1161). 
Pit,  small pU  (in  leaf,  ftc),  Grttbchen ;  pit  (in 

cell-wall),  Tiipfel ;  pit-canals,  Tapfelkanale, 

Porenkanale ;  pit-Uhe,  grubig,  grUbchenartig ; 

pit-perforations    (cf.   p.    333),  Tiipfelperfora- 

tionen. 
Placentiform  (shaped  like  a  flat  cake),  knchen- 

fonnig. 
Plexus  (e.g.  of  fibres),  Geflecht 
Plug  of  lime,  KalkausfUllnng  (p.  iiii);  plug 

of  silica,  lUeselanifUllnng  (p.  1 1 10) ;  plugged 

stomata,  ventopfte  Spaltofinongen  (p.  1085). 
Polystelic   (p.    1156);    apparent  polystely    (p. 

"57)- 
Pouch    (applied   to   part   of  the   complicated 

secretory  cells  of  Magnoliaoeae,  Canellaceae, 

&C.,  cf.  p.  1096),  BenteL 
Powdery  (applied  to  crystal-Muid),  mdklartig. 
Primary  cortex  (p.  1150). 
Projections  (of  hairs,  &c.),  Vorspritnge. 
Proliferations,  Wuchemngen  (cf.  excrescence), 
Protninences  (on  cell- walls,  &c.),  Vorsphinge, 

Hocker. 
Prong-cells  (cf.  p.  304),  Zackenzellen ;  prongs 

(of  anchor-hairs,  ^c.),  Zacken. 
Prop-cells  (ci.  p.  710),  Strebezellen. 
Protective  sheath  (of  vascnlar  system),  Schutz- 

scheide  ( cf.  pp.  1089, 1 1 5 1 )  (see  iS»f>endodermis). 
Protrusions  (of  walls  of  hairs,  &c.),  Ansbuch- 

tongen,  Aosstiilpungen. 
Protidferances    (of   cell-walls,    &c.),    Protnbe- 

ranzen,  Ansstiilimngen. 
Pseudocellular,  zeilenahnlich. 
Pulvini,  Gelenkpolster,  Schwellpolster  (p.  1094). 
Punctate  (of  cell- walls,  flee),  panktiert ;  puncti- 

form,  pnnktfbrmig. 
Pyriform  (pear-shaped),  bimformig. 


Quadratic  crystals  (p.  1 104). 


Radiate  (stmctnre),  itxahlig. 

Raised  dots  (ct  p.  635),  ▼orspringende  Pnnkte. 

Rampart  (of  cells,  Ac),  WaD;  rampart  of 
cuticle^  Cnticnlarwall. 

Raphides,  Rhaphiden  (p.  1104^;  ruphide-cells^ 
KaphidenxeUcn ;  -neidUs,  Rhaphidennadein  ; 
■sacs,  Rhaphidoischli&ncbe  (pp.  1098,  1x04); 
bundles  ^  raphides,  Rhaphidenbandel  (p. 
XX06). 

Raphidines,  see  acicular fibres. 

Rayed  bundles  (in  the  pedole),  *  Falsceanx  rayon- 
n^ '  (of  Bonygnes,  p.  1094). 

Rays  (of  stellate  or  peltate  hairs»  &c.),  Stiablen  ; 
fUl'-^tf/ZXyStiahlenzellen;  r^formation^SMslh- 
lenbildnng;  rmhfortion,  Strahlteil;  many- 
rayed,  m  Arstianlxg,  Tielstrahlig. 

Recurved  (of  hairs,  ftc.),  nmgebogen. 

Reniform  (kidney-shaped),  nierenlormig. 

Roseau  de  soutien,  strengthening  networic  (p. 
1x68). 

Reservoir-tracheides,  Speichertrachciden  (see 
storoip-tracheides). 

Resiniferous  (i.  e.  containing  resin),  haizftthrend. 

Resinocysts  (<£  p.  403^,  Rerinocysten. 

Respiratory  camty  (ofstomata),  AtemhoUe. 

Reticulate,  netzartig ;  reticulate  perforations  (cf. 
p.  561),  Netzperforationen  (p.  1 137) ;  reticulate 
scylem-meus  (c£  p.  aa7),  umstrickter  Holz- 
koiper;  reticukUefy  heUrogeneous  pith  (ue.  in 
which  the  active  cells  form  a  network  between 
the  empty  ones),  netzformig  heterogenes  Mark 
(cf.  p.  XI 34). 

Retiform,  gitterformig. 

Retort-she^  hairs,  Ketoitenhaare  (p.  11 39). 

Reversed  orientation,  Terkehrte  Orientiecmig. 

Revolute  (maigins  of  leaves),  nmgeroUt. 

Rhombohedra,  Rhomboeder,  Hendyoeder  (pp. 
X104,  1 105);  rhombohedral,  rhomboedriscfa, 
hendyoedrisch. 

Ribbed  axes,  gerippte  Achsen  (p.  zx66). 

Ribbon-Chafed  (applied  to  hairs),  bandfi>nnig. 

Ridgs,  Leiste;  rufge-Uhe  (of  thickenings),  Id- 
stenfiirmig. 

Ring-barh,  Ringelborke  (p.  1x47);  ring-wood 
(cf.  p.  ao6),  lOngholz  (p.  1x45). 

Rings  of  growth,  Znwachsringe  (p.  1 163). 

Rods,  small,  Siiibchen ;  rod-cells,  Stabzellen  (p. 
1x55);  rod-cell-scUrenchyma,  Stabsellenskle- 
renchym  ;  rod-like,  stilbdienarti^  ;  rod- 
shaped  crystals,  stfibchenformige  Knstalle  (p. 
1x06). 

Rolled  leaves,  RoUbUtter  (pp.  X084,  1087). 

Rosette  (of  epidermal  cells  around  stomata,  &c.), 
Kranz,  Rosette;  like  a  rosette  {rosette- like), 
kranzformlg. 

S 

Saccate  (bsg-shaped),  schlauchartig. 

Sacs,  Schliinche ;  sac-cells  (c£  p.  57),  Schlanch- 

zellen;   sac-like,   sack-shaped,   sdilanchartig, 

schlanchfbrmig,  sackartig. 
Salt-glands,  SalzdrUsen  (p.  1133). 
Sap-wood,  Splint,  Splintnolz  (see  nnder  spUni- 

wood). 
Saucer-like  (depressions),  schalenartig. 
Scalariform  perforations,  leiterlbrnuge  Dnrch- 

brechongen  (p.  X137);  —  bordered  pits,  Trep- 
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penhoftflpfel,  treppenartige  Hoftiipfel  (pp.  i  x  30, 

1 140);   —  sieve»plai$Sf    leiterionnige    SieS- 

platten(p.  1154)* 
Scaks,  smiUi  {lepides\  SchuUncheQ  (tee  under 

peliatt  hairs) ;  uaUstflimUy  KtlkschttppchcQ ; 

scaU'bark,   Sdittppenborke  (p.  1147);  scale- 
hairs,  Schnppenhaare ;  sc€Uyy  ichappig ;  scale- 

lihey  vckulfmienartig. 
SchizofysigenoHS  (i.e.  arising  fint  by  separation 

of  cells,  bnt  then  enlarging  by  the   actual 

breaking  down  of  cells),  schkolystgen. 
SclermchymatoHS      imvestmint      (of     vascalar 

bundles),  Sklerenchymbeleg  ^p.  1089)  ;  sclercn- 

cfymatous pericycle  (p.  115a). 
ScuHf&rm  (pelUte),  schildfdnnig. 
Secondary  vascular  dundles  (p.  1 164) ;  secondary 

groups  of  wood  and  dost,  sektindi&re  Holzbast- 

gmppen  (p.  1163). 
Secretory   canals   {fassages\    Sekretgange   (p. 

I  loi) ;  —  cavituSf  Sekretliicken  (p.   1099) ; 

—  cells,  Sekretzellen  (p.  1096)  ;  —  lacunae  (cf. 

p.  740),  Sekretlakonen ;  —  receptacles,  Sekiet- 

teh^ter  (p.  1095) ;  —  sacs,  Sekretschlanche 

(p.  1096). 
Semilunar,  halbmondformig. 
Semi'Malpighian  (J.e.  one-armed)  hairs,  halb- 

malpighische  Haaie  (pp.  11 18,  11 19). 
Sensitive  hairs ^  Fiihlhaare;  sensitive  pits  (on 

tendriU),  Fuhltapfel. 
Septate    (of  fibres,    Ax.),   gefachert,    septieit; 

septation,  Fachcrang ;    septation  of  the  pith 

without  sclerosis,  Fachemng  des  Markes  obne 

Sklerose(p.  11 34). 
Seriated  gerieiht. 
Sorpenttne   (applied  to  hairs),  schlangenartig, 

achlangenfbrmig. 
Serrated  cuticular  crests,  geblrgtkammahnliche 

Cnticnlarleisten. 
Shaft  (applied  to  stomata,  c£  p.  49a),  Schacht. 
Shaggy  hairs  (villi),  Zotten  (pp.  11 15,  1123); 

ciShing  hairs  of  the  shaggy  type,  Deckzotten 

(p.  1 123). 
Sheathing  (of  the  veins  with  crystals),  Pfla- 

sterang  (c£  p.  1108). 
Shield  (of  a  peltate  hair),  Schild. 
Shart'numbered{v^sitskdxjmvi,8LQ,),  knrzgliedrig. 
Sickle-like  hairs  (cf.  p.  379),  SicheUiaare. 
Sieve-fields,  Siebfelder  (p.  1154);  sieve-pit- like 

structure,  sieve-plate  structure  (of  bordered 

pits),  Siebtiipfelstmktnr  (pp.  1139,  1140). 
Suica,    Kieselsaoze    (p.    1109);    silica-dodies, 

Kieselkorper  (p.  mo);  silica-plugs,  Kiesel- 

iiilliingen     (p.     mo);     silica-sacs,    Kiesel- 

schlauche. 
Silicification,  Verkieselnng  (p.  11 09);  silicified, 

verkieselt;  siliceous  concretions  (cf.  p.  075), 

Kieselkonkretionen ;  siliceous  excretions,  Kie- 

selansscheidongen  (p.  mo). 
Simple    clothing    hairs,    einfache    Deckhaare 

(p.  II 15) ;  simple-pitted  (vessels,  &c),  einfach 

^pfeft. 
Sltdif^  growth  (i.  e.  growth  leading  to  the  inter- 
calation of  new  elements  between  those  already 

present),  gleitendes  Wachstnm. 
Slits,  Spalten;    slit-like  (-shaped)  pits,   Spalt- 

tiipfel ;  slit-shaped,  spaltenfi>rmig. 
Solitary  crystals,  Einaelkristalle  (pp.  1 104, 1 105). 
Spear-shaped,  spiessfdrmig,  spiessig. 


Speckled  (appearance  of  leaves),  gesprenkelt. 
Sphaerites,  sphere-crystals,  Sphaerile  (pp.  1104, 

1 105) ;      sphaerocrystalline,     sphaerokristal- 

Itnisch  ;       sphaerocrystals,      sphere  -  crystals, 

Sphaerokristalle  (p.  1108). 
Spicular  cells,  Spikularzellen  (p.  109 1). 
Spines,  Stacheln  (p.  1115). 
Spiniform,  spies^rmig ;  spiny  hairs  (cf.  p.  33), 

Stachelhaare  (p.   11 33);  spiny  (of  clustered 

crystals),  stachelig. 
Spliftt-wood,  Splint  (p.  1136). 
Split  (cleft)  xylem-mass,  zerklufleter  Holzkorper 

(p.  II 67);  splitting  up  (of  zylem-mass,  &&, 

i.e.  cleavage),  Zerkliiftong  (p«  1166  et  seq.)  ; 

splitting  (of  Uie  stem,  &c.),  Spaltong. 
spongy  cork,  schwammiger  Kork,  Schwammkork 

(p.  1 148). 
Spreading-armed  (spongy  cells),  gespreiztarmig 

(p.  1087). 
Starch-sheath,  StiUkescheide  (p.  1151). 
Stele  (p.  1 1 56). 
Stellate,  starnformig;  stellate  hairs,  Sternhaare 

(pp.  1115,  1118,  1119,  1121). 
Stereides    (i.e.  a  lignified   strengthening  cell), 

Stereiden. 
Stereom  sheath  (i.e.  strengthening  sheath  of  veins, 

leaf-maigin,  ice),  Stereombeleg. 
Stinging   bristles   (cf.  p.  379),   Brennborsten ; 

stinging  hairs,  Brennhaare  (p.  1 118'). 
StomcUal  apparatus  (i.  e.  the  gaard-cells  together 

with  the  subsidiary  cells,  when  present),  Spalt- 

offnungsapparat  (p.  1078);  — groups,  Spalt- 

dfihnngsgruppen  (p.  1084) ;    —  pits,  Spalt- 

of&inngsgriibchen  (p.  1084);   regaiding  other 

terms  applied  to  stomata,  see  p.  399. 
Stone-cells,  ^itvaxf^txi  (p.  1090) ;  stone-celled  cork 

(<  cork  made  up  oj  stone-cells  *),  Steinzellenkork 

(p.  1148)  ;  stone-cork,  Steinkork  (p.  1148). 
Storage- tracheides,  Speichertracheiden  (p.  109  a). 
Straight  (applied  to  walls  of  epidermal  cells  in 

surface-view),  gerade,  geradlinig  (p.  1070). 
Strati^d,  geschichtet;  stratiform  (arrangement), 

schichtenweise  (Anordnung). 
Strengthening  ring,  Festigungsriug. 
Stretching,  Zemmg. 
.S'^'o^^Strichelchen ;  striate  (thickening),  streifig; 

stricUed,  gestreift ;  striatum  (of  cuticle,  &c!;, 

Streifnng. 
Strigae  (  =  bristle-hairs),  Striegelhaare. 
Striulations,   striulae   (in    leaves,    8cc),    Stii- 

chelchen. 
Styloids,  Styloiden  (pp.  1004,  xio6). 
Suhcentric  (leaf-structure),  subzentrisch  (p.  1086). 
Subpapillose  (epidermal  cells),  snbpapillos  (p. 

io73\ 
Subsidiary  cells  (of  stomata  and  hairs),  Neben- 

zellen  (p.  1078). 
Subulate,  pfriemenfbrmig^  pfriemenartiggestaltet. 
Successive  rings  of  bundles,  successive  Biindel- 

ringe;    successive  rings  of  growth,  successive 

Zuwachsringe  (p.  11 63);  successive  tones  ^ 

growth,  successive  Zuwadiszonen  (p.  1163).  • 
Sunk  (of  stomata,  &c),einge8enkt  (see  p.  io8ft). 
Supporting  network,  *  r^seau  de  soutien  *  (p.  1 168). 
Supravasal  (i.  e.  situated  opposite   the  xylem- 

groups  in  ue  root). 
Swelling^,  Verquellungen ;  swollen,  verquollen. 
Sympodially  branchedhairs  (p.  1 1 20). 
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Tabuiar  (applied  to  shape  of  cells,  &c.),  tafel- 
formig,  plattenfbrmig ;  tahular  cork.  Flatten- 
kork(p.  1 1 48). 

Tannin-cells t  Gerbstofizellen ;  -conitnis,  Tannin- 
gehalti  Gerbftoffgehalt ;  -idioblasts^  Gerb- 
stoffidioblasten  (pp.  1095,  1098);  -scus^  Gerb- 
stofTschlanche. 

Tanniniferous  (,i.e.  containing  tannin),  gerb- 
stoffbaltig. 

Tttth.  spines  (of  a  dystal),  Zacken. 

TensUt  strength,  Zogtettigkeit 

Tertiary  thickening-layer  (in  veiaels,  tracheide% 
&c.)»  tertiare  Verdidcungsschicbt. 

Tessellated  epithelium^  PflasteiepitheL 

Tetragofial  (crystals),  qnadratisch ;  tetragonal 
octahedra^  Qoadratoktaeder  (cf.  p.  1 104). 

Tiers  (of  candelabra-hain,  &c),  £tagen,  Stock - 
werke ;  tier-like^  etagenfdnnig ;  tier-like  struc- 
ture rf  the  wood,  Etagenbau  des  Holzkdrpers 
(p.  1 145) ;  tier-like  cork,  Etagenkork  (p.  1 148). 

Tofnentum,  Filz. 

Torose  (thickening),  wnlstig. 

Tortuous  (of  hairs),  hin  and  hergebogen,  ge- 
schlangelt. 

Tracheides,  Tracheiden  p.  1155,  footnote); 
broadened  {enlarged)  terminal  tracheides,  er- 
weiteite  Endtracheiden  (p.  1092);  tracheide- 
sclerenchyma  (cf.  p.  446),  Tracheidenskleren- 
chym. 

Translucent,  dnrchacheinend. 

7>aMJ/ar^»/</<?/j,dnrchsichtigePunkte(pp.  1074 » 
1088, 1091, 1096,  1 108,  1130)  ;  —  /iiw/,dnrch 
sichtige  Linien  (pp.  i  loa,  1 104)  ;  —  striulae, 
durchsichtige  Stnchelchen  (p.  1108). 

Truncated,  abgestnmpft. 

TuhercukUe,  hockrig  ;  tubercles,  Hocker. 

Tuberous,  knollig. 

Tubular  ^applied  to  cells,  hairs,  &c.),  rohren- 
artig,  schianchrormig,  schlanchartig. 

Tuft,  Biischel;  tuft  of  rays,  Strahlenbiischel ; 
tufted,  biischelig  aosgebildet;  tufted  hairs, 
Biischelhaane  (p.  iiai). 

Turbinate,  krelselfbrmig. 

TwiH'crystals,  Zwillingtkristalle  (p.  1104)^ 
twin  forms,  Zwillingibildnngen ;  -stomata, 
Zwillingsspaltofrnnngen  (p.  1085);  -trichomes 
(cf.p.  lE),  Zwillingstiichome;  -f^Uindular  hairs, 
(cf.  p.  484),  Drfisenhaarzwillinge. 

Two-armed  hairs  (Malpighian  hairs),  zweiarmige 
Haare  (pp.  iz  17,  11 19,  1 132). 

Tyloses,  Thyllen  (p.  1137). 

U 

•Undulated  (applied  to  walls  of  epidermal  cells  in 
surface-view),  wellig  gebogen,  bnchdg  wellig 
(p.  1070) ;  undulated  stems  (cf.  p.  289),  ge- 
wellte  Stiimme. 

'Unequal  {uneven)  increase  (of  the  wood),  un- 
gleichmiissiger  Zuwachs  (p.  1166). 

.Uniform  (i.e.  homogeneous,  applied  to  the  meso- 
phyll),  gleichibrmig.- 


Unilateral  (one-aided)  bordered  pits,  etnseitige 

HofttipfeUp.  1140). 
Uniseriate  (L  e.  compoaed  of  a  single  row  of 

cells),  einzellrethig,  ebieihig;  bi'Seriaie,8ic., 

aweiaeHreOugy  zw£«ihig,  Sec 
Upper  scale   (of   peltate   hain,    ftc.),   oberes 

Schiilfiercben  (pp.  1121,  iiaa). 
Upright  (cells  in  medullary  rays),  ftehend  'p. 

"44)- 
UrceoleUe,  kmgibrmig. 
6 'rw-yr^a/n/ (trichomes),  nmenformige  Trichome 

(p.  1 119). 

V 

Ventral  {^ventricose)  part  (of  glands,  cC  p.  319), 

Banchteil. 
Vetttricose  (applied  to  shape  of  cells),  banchig. 
Vermiform    (i.e.    worm-shaped),    wurmfiirmig, 

wnrmartig. 
Verrucose  {wart'lihe),  warzi^. 
Vertical  direction  (in  the  axis),  azile  Ricfatuag, 

Lfiagsrichtung. 
Vertically  transcurreni  (applied  to  veins),  dnrch- 

geliend ;   vertical  transcurrence,  Durchgehen 

(p.  1080). 
Vesicles,  Bliischen ;  vesicular,  blasig,  blasenartig ; 

vesicular  hairs,  Blaaenhaaie  (pp.  1076, 1 1 16). 
Vessel-perforations,    Gefasidiir^brecht 


"37)- 


(P- 


VesHimle  (of  stomata,  equivalent  to  onter  respira- 
tory cavity  >,  Kamin  (p.  1085). 
Vitreous  (i.e.  transparent  as  glass),  glasaitig. 

W 

IVatts,  Warzen  (p.  11 15) ;  wart-like  (see  verru- 
cose), warzenartig ;  wart-shaped,  wanenformig. 

Water-pores,  Wasserspalten  (p.  1085);  -recep- 
tacles, Wasserbehalter;  -reservoirs,  Wasaer- 
speicher,  Waaseneservoire  (p.  109a);  -storing, 
wasserspeichemd. 

Wavily  folded  (walls),  weUig  gefidtet;  wiwify 
nodular  striation  (of  the  catide,  cf.  p.  70), 
wellig- wulstige  Streiiimg;  wavy  (applied  to 
hairs),  krans. 

PVeal,  Wulst. 

PVe((ges  of  bast,  Bastkdle  (p.  1166) ;  wei(ged  in 
(applied  to  position  of  hairs,  &c.,  with  refer- 
enoe  to  other  odb),  eingeklemmt,  dneekeilt; 
Ttfedge-shaped  {in  the  form  of  wedgK),  kefl- 
fbrmig. 

Whip  like  hairs,  Peitachenhaare  (cf.  p.  401). 

Winged  axes,  gefliigelte  Achsen  (p.  1 160). 

Wood'fibres,  Holzfasem ;  wood-parenehyma, 
Holzparenchvm  (p.  1143);  woodprosenchyma, 
HoUprosencnvm  (pp.  1135,  footnote,  1141); 
wood-vessels,  Holzgefasse  (p.  1136). 

Wrinkled  (applied  to  cell-walls),  mnzelig. 


Xylem-mass,  Holzkorper,  —  wUh  tier^lihe  struc- 
ture, stockwerkartig  ao^ebanter  Holzkdrper 
(P-  "45). 


ERRATA 

Page    17,  line  7  from  bottom,  first  half  should  read  'from  being  wetted,  and  to  form  an 
air>chamber '. 
24,  thirteenth  line  of  third  paragraph,  for  '  Bejuco  de  aqua '  read  '  Bejuco  de  agua  '• 
57,  line  2  of  last  paragraph,  insert  a  semicolon  after  '  L6ger  '. 
64,  top  line,  for  '  place  '  reaid  '  plane  '. 
71,  line  9  of  first  paragraph,  for  '  spread  '  read  '  spreading  '. 
75,  description  of  Fig.  19,  c  should  read  '  C.  zeylanica,  L.'. 
95,  last  line,  for  '  resent '  read  '  present '. 

118,  last  line  of  first  paragraph,  before  the  word  '  recorded  '  insert  '  has  been '. 
136,  first  line  of  second  paragraph,  for  '  developed  '  read  '  deposited  '. 
141,  last  line  of  fourth  paragraph  (under  5),  for  '  Dipterocarpous '  read  'Diptero- 

carpeous'. 
192,  fifth  line  of  last  paragraph,  for  'see  note  2,  p.  215  '  read  '  see  note  i,  p.  190 '. 
201,  fifth  line  of  third  paragraph,  insert  a  semicolob  after  'hairs '. 

204,  description  of  Fig.  48,  b-f,  for  '  Goniocaryum  *  read  '  Gonocaryum  '. 

205,  second  line  of  first  paragraph,  for  '  Goniocaryum  *  read  '  Gonocaryum  \ 

206,  last  line  but  one  of  first  para^aph,  for  '  Chlamydcarya  *  read  '  Chlamydocarya  \ 
214,  f or  '  Hippocrateacea  '  read  '  Hippocrateaceae  '. 

255,  ninth  line  of  first  paragraph,  after  '  Platymiscium*  insert  a  comma. 

280,  twenty-second  line  from  bottom,  for  '  Spathylobus  *  read  '  Spatholobus  '. 

334,  footnote,  for  *  Brunai  *  read  '  Brunia  \ 

343,  footnote,  first  word  on  second  line  should  read  '  Gyrocarpeae  '. 

366,  last  line  but  six  of  second  paragraph,  for  '  Ptermandra  *  read  '  Ptemandra  \ 

366,  last  line,  for  '  Dyssochaete    read  '  bissochaeta  \ 

374,  first  line,  after  '  Trapa  *  remove  the  semicolon. 

389,  fourth  line,  for  '  laticiferous  cells  '  read  '  laticiferous  sacs  '. 

391,  fifth  line  from  bottom,  read  '  cystoliths  '. 

396,  fourth  line,  for  '  verticellata  *  read  *  verticillata  '. 

399,  third  line  from  bottom,  for  '  C.  Urticaey  A.  DC.  B.  hispida '  read  '  C.  Urticae, 

A.  DC.  fi  hispida  \ 
408,  eleventh  line  from  end  of  first  paragraph,  for  '  Opunita  '  read  '  Opuntia  \ 
420,  third  line,  for  '  officinale  '  read    officinale  ', 
439,  fifth  line  from  end  of  first  paragraph  of  Caprifoliaceae,  for  'stufted'  read 

'tufted'. 
500,  ninth  line,  for  '  Goniolmon  '  read  '  Goniolimon  '. 
504,  twelfth  line,  for  '  rigidity  '  read  '  flexile  strength  *. 
508,  footnote  I,  for  'Sapotaceae'  read  'Ilicineae',  and  for  'Ilicineae'  read  'Sapo- 

taceae'. 

534,  footnote,  for  '  Argel  *  read  '  Arghel  \  and  for  '  described  a'  read  'described  as'. 

535,  footnote  4,  first  word  in  line  2  should  read  '  intraxylary  '. 

563,  first  line  of  third  paragraph,  after  '  within  certain  limits  *  insert  '  it  *. 

566,  last  line  of  first  paragraph,  for  '  Ipomoceae  '  read  '  Ipomoeae  '. 

568,  twelfth  line  from  bottom,  after'  Fig.  129,  /'  insert  a  comma  in  place  of  the 

full  stop. 
573,  second  line  of  Cuscuteae  should  read  '  poor  in  chlorophyll '. 
633,  last  word  of  fourth  line  should  read  '  thin  '. 
647,  fourth  line  of  first  paragraph,  for  '  De  Barry  '  read  '  De  Bary  '. 
694,  second  line  of  first  paragraph,  for  '  Fig.  159,  C  '  read  '  Fig.  169,  C '. 
712,  tenth  line  from  bo^om,  for  '  vestibule  '  read  '  front  cavi^  '. 
721,  in  the  second  line  read  '  Gonystylus,  Asclerum  and  Amyxa  '. 
764,  fourth  line  of  Urticaceae,  for  '  Arctocarpeae  '  read  '  Artocarpeae  '. 
766,  second  line  of  second  paragraph,  for  '  C.  Kraussiana  *  read  '  Celtis  Kraussiana  \ 
779,  last  line  but  one  of  Thelygoneae,  for  '  or  ans  '  read  '  organs  '. 
823,  first  line  of  third  paragraph,  for  '  Hewitt '  read  '  Leavitt '. 
835,  last  line  but  one  of  second  paragraph,  for  '  simpler  '  read  '  simple  '. 
841,  fourth  line,  for  '  Tsoptera  *  read  '  Isoptera  \ 
845,  footnote,  for  '  latiferous  '  read  '  laticiferous  '. 

Note.  It  was  stated  in  the  Editorial  Preface  to  Vol.  I  that  the  English  edition  had 
received  from  the  author's  hand  all  the  emendations  embodied  in  the  new  German  edition. 
Since  this  preface  was  written  it  has  been  ascertained  that  some  small  additions  were 
made  to  the  German  edition  while  in  the  press,  and  too  late  to  be  incorporated  in  the 
translation. 
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